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eonj,titution 

Article I-NAME-This organization shall be 
known as the Florida State Horticultural So
ciety. 

Article II-OBJECTIVE-The objective of 
this Society shall be the advancement and de
velopment of horticulture in Florida. 

Article III-YEAR-The year shall begin 
January 1 and close December 31. 

Article IV-CLASSIFICATION OF MEM
BERSHIP-There shall be three classifications 
of membership, all of which carry voting 
privileges: 

A-Annual 
B-Sustaining 
C-Patron 

Nothing in this article shall be construed as 
operating against or cancelling the privileges 
of Life Members accepted as Life Members 
prior to the adoption of this constitution. 

Article V-ELIGIBILITY FOR MEMBER
SHIP-Any individual, firm or partnership in
terested in the development and advancement 
of horticulture in Florida shall be eligible for 
membership. 

Article VI-DUES-Dues shall be paid an
nually according to classification at rate as 
prescribed in By-laws. 

Article VII-ANNUAL MEETING - The 
Society shall hold an annual meeting each year 
in accordance with the By-laws unless pre
vented from doing so by causes beyond its 

· control. 

Article VIII - SECTIONS - The Society 
shall be divided into sections representing 
various horticultural interests as provided in 
the By-laws. 

Article IX-OFFICERS-The officers shall 
consist of a President, a Vice President from 
each section, a Secretary, a Publication Sec
retary, an Editing Secretary, and a Treasurer, 
which officers shall be elected by a majority 
vote of the membership present at the annual 
meeting and shall assume their respective of
fices at the beginning of the new year. 

Article X-SUCCESSION-In the absence 
of the President or his inabilitv to serve tem
porarily the Vice President of 'the Citrus See
ton shall serve instead. If the position of 
President is vacated, the Executive Committee 
shall designate his successor. 

Article XI-EXECUTIVE COMMITTEE 
The Executive Committee shall consist of not 
more than 15 persons including the immediate 
Past President and all Officers above named, 
the others to be elected at same time and 
in same manner as prescribed in Article IX. 
The President shall be chairman of the Exec
utive Committee. The Executive Committee 
shall have authority to act for the Society be
tween annual meetings. 

Article XII-MEETINGS OF THE EXEC
UTIVE COMMITTEE-The Executive Com
mittee shall meet upon call of the Chairman 
at such time and place as may be approved by 
a majority of the Committee. A majority of 
the Committee shall constitute a quorum. The 
Committee may be canvassed by mail and 
vote by ballot in like manner. 

Article XIII - COMMITTEES - The Presi
dent shall with the approval of the Executive 
Committee appoint all standing or special 
committees as provided in the By-laws. 

·Article XIV-DUTIES OF OFFICERS 
The President shall be the official head of the 
Society to preside at all Executive Committee 
meetings and at the general session of the 
annual meeting. He shall be directly respon
sible to the Executive Committee and may be 
removed from office for cause by an affirma
tive vote of a majority of the full Executive 
Committee. 

The Vice Presidents shall be membei·s of the 
Executive Committee. The Vice President of 
the Citrus Section shall assume the duties of 
the President in the temporary absence of the 
President. The Vice Presidents of the various 
sections shall preside over the particular sec
tions of which they are representatives at the 
annual meeting. 
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The Secretary shall record all records of all 
meetings of the Executive Committee and shall 
be responsible except as may otherwise be 
designated in the By-laws for . recording and 
keeping proceedings of the · annual meeting. 
He shall likewise issue and mail out statements 
of dues to the membership, notices of meetings 
and perform such other <lutes as ordinarily 
accrue to that position. 

The Publication Secretary and Editing Sec~ 
retary shall perform such duties as may be 
prescribed and authorized by the Executive 
Committee. 

The Treasurer shall be responsible for all 
funds paid into the Society and shall issue and 

1. The Society's year shall begin January 
1 and end December 31. 

2. Dues-dues shall be paid annually for 
the current year and shall be payable to the 
Treasurer of the Societv. Dues shall be as 
follows: · 

Annual ~lembership 
Sustaining Membership 
Patron Membership 

$ 4.00 
$ 10.00 
$100.00 

3. Annual Meeting-the Society shall hold 
an annual meeting in the fall of each year at 
a place and time selected by a majority vote 
of the Executive Committee. The order of 
business at the annual meeting shall be de
termined in advance each year by the Execu
tive Committee. 

4. The meetings of the Society shall be 
devoted only to horticultural topics, from sci
entific and practical standpoints, and the pre
siding officer shall rule out of order all mo
tions, resolutions, and discussions tending to 
commit the Society to partis'.ln politics or mer
cantile ventures. 

countersign all vouchers paying bills or ac
counts against the Society. The Treasurer 
shall be placed under bond in an amount de
termined by the Executive Committee, pre
mium on which shall be paid by the Society. 

Article XV-AMENDMENTS-This Consti
tution may be amended at any annual meet
ing upon the recommendation of a majority of 
the Executive Committee when approved by 
a majority vote of the membership present. 

Article XVI-EFFECTIVE DATE - This 
Constitution shall become effective immediate
ly upon approval by a majority vote of the 
membership at the annual meeting in October 
1951. 

5. SECTIONS-The Society shall consist 
of the following sections : 

Citrus Section 
Vegetable Section 
Krome Memorial Institute 

( Tropical and Sub-Tropical Fruits) 
Ornamental and Floriculture Section 
Processing Section 

Other sections may be added on recommenda
tion of a majority of the Executive Commit
tee when approved by a majority vote of the 
membership present at an annual meeting. 

COMMITTEES 

Nominating Committee-The President not 
less than thirty days before annual meeting 
shall appoint a nominating committee consist
ing of not less than two persons from each 
section, which committee shall make nomina
tions at the annual meeting of the Officers and 
other members of the Executive Committee for 
the ensuing year; Provided that the members 
representing various sections shall seek advice 
of each section in open meeting concerning 
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the nomination of Vice President for that sec
tion. Such nominations by the committee how
ever shall not preclude nominations from the 
floor. 

Program Committee-The Vice Presidents of 
the various sections shall constitute a Program 
Committee of which the President shall be the 
Chairman and the Secretary and· Treasurer 
shall be ex officio members. 

Auditing Committee - The President with 
the approval of the Executive Committee shall 
appoint an auditing committee which commit
tee shall confer with the Treasurer in prepar
ing an audit to be presented by the Treasurer 
at the annual meeting. The President shall 
appoint such other committees as may be 
deemed advisable and approved by the Exec
utive Committee. 

DEPOSITORY 

The Executive Committee shall have au
thority to select a depository or establish a 
trusteeship for funds of the Society as it may 
deem in the best interest of the Society. All 
Patron Membership dues and all donations, 
unless otherwise specified by donor, shall be 
invested by the Treasurer in United ·states 
Government bonds. The earnings from these 
bonds shall be left as accrued values or re
invested in the United States Government 

bbnds unless it is ordered by the Executive 
Committee of the Society that such earnings 
can be made available for operating expense. 

APPROVAL OF BILLS 

All bills before being paid shall be approved 
by the President, Secretary or Treasurer, and 
vouchers drawn to pay such bills shall be 
signed by the President or in his absence the 
Vice President of the Citrus Section and coun
tersigned by the Treasurer. 

HONORARY MEMBERS 

Any individual who has rendered especially 
meritorious service to the Society and to the 
advancement of horticulture in Florida may be 
designated by a two-thirds vote of the full 
Executive Committee and approved by a ma
jority vote of the · Society as an Honorary 
Member of the Society. Such honorary mem
bers shall not be required to pay dues. 

AMENDMENTS 

These By-laws may be amended at any an
nual meeting by an affirmative majority vote 
of the membership present when such amend
ments have been approved and recommended 
by a majority of the Executive Committee. 
. These By-laws shall take effect immediately 

upon adoption by the membership at the an
nual meeting in October, 1951. 
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THE PRESIDENT'S ADDRESS 

R. A. CARLTON 

West Palm Beach 

One of the duties imposed upon the Presi
dent of this Society is an annual address on 
the activities of your Society and the general 
state of Horticulture in Florida. I am glad to 
report that your Society is now the third larg
est Horticultural Society in the United States 
and the seventh oldest society. It is exceeded 
in .membership by the Wisconsin and Michigan 
Horticultural Societies in that order. The oldest 
society is in Ohio and was organized in 1847. 
The Wisconsin Society which has the largest 
membership has received State aid since 1879 
which may account in some measure for the 
size of its membership. 

In the preparation of this address it was 
natural to reflect upon the changes that have 
occurred in the activities of the Society in the 
more than 30 years in which I have been a 
member, and more or less active in the So
ciety's functions. When I became a member, 
the horticultural crops of the State were strug
gling along on an unbalanced program of nu
trition, and your Society was struggling in 
about the same manner. 

Colonel Bayard F. Floyd had been Secre
tary since 1917 and most of the Presidents 
and Executive Committeemen of those days 
insisted on the Colonel running it as a one 
man show, and imposed upon . him the com
plete responsibility for the program, arrange
ments for the meetings, and everything else 
requiring much work and time. I recall that 
some of the young upstarts in the Society 
about 25 years ago, myself included, became 
somewhat critical of some of the Colonel's 
best efforts at program and meeting arrange
ments. As usual, everybody thought something 
should be done but nobody wanted to do any 
work. This state of mild criticism prevailed 
until about 1939 when the speaker and some 
others approached the Colonel about forming 
a Vegetable Section of the Society. The 
Colonel was quite agreeable and cooperative 
but flatly declined to accept any responsibility 
for a program for such a section. Being brash 
and bold, I accepted this responsibility and 
during the next five years I learned how easy 

it is to talk too much. Anyway, during those 
years working with Colonel Floyd I gained a 
deep appreciation of the problems he had 
faced through the years and sincerely re
gretted any criticism I ever had of his efforts. 
His untimely death in 1945 prevented the 
Society from ever awarding him any honorari
um, if it had been possible for the Society to 
accord him anything commensurate with the 
services he had rendered. 

It affords me great pleasure to report that 
during the past year your Society operated 
under a new deal compared to the years out
lined above. This year it was a pleasant ex• 
perience to see how all your General Officers . 
worked together as a team to develop the pro
gram and arrangements for this meeting. The 
Chairman of each Section readily accepted 
the responsibility of developing the program 
for his Section, and the Executive Committee
men from the Society at large were most help
ful to the General Officers in arranging the 
many details of this meeting. I wish to express 
my sincere appreciation for the help and co
operation I have received from one and all. 
Some of my foregoing remarks have empha
sized the fact your Society has been most for
tunate in the selection of a Secretary. This 
good fortune still prevails in Dr. Ernest L. 
Spencer. He has all the attributes of other good 
secretaries with an additfonal one of getting 
more work out of other people without making 
anybody mad. 

During the past two years your Society 
created a Fellowship in Virology at the Uni
versity of Florida; This Fellowship was 
awarded to Mr. Robert Bozarth, a graduate of 
Everglades High School in 1948 and the Col
lege of Agriculture, University of Florida, in 
1952. He is presently directing· his study on 
the viruses of gladiolus. When · these viruses 
have been . isolated they will be identified by 
symptoms, host reaction, cross protection, and 
by the use of the Spinco Ultra Centrifuge at
tempts will be made to purify and crystallize 
the viruses. These studies will aid in the de
veloping of practical and economical control 
measures that can be applied by the growers. 
Realizing full well the complex field involved 
in research on crop viruses, the recipient of 
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this Fellowship expressed his problems well I 
thought and I quote, "To use a bit of double 
talk, we are experimenting with experiments 
to carry on the experiment." This certainly in
dicates he knows what he is up against. 

During April a major outbreak of the Medi
terranean fruit fly occurred in Dade County, 
Florida and since that time this insect has been 
found in some 26 counties. The reoccurrence 
of this insect in the State had been expected 
by many due to the increase in air travel to 
the State from all parts of the world, and the 
reduced inspection service at ports of entry. 
Many of us who remembered the hectic days 
of the eradication campaign in 1929 were ap
palled by prospects of a similar experience. 
However, time had wrought many changes in 

- techniques of control, insecticides and bait at
tractants used in eradication of this insect. 
No one could fail to be impressed by the fact 
that with the discovery of an outbreak of this 
insect today, this spot, and many miles of area 
surrounding would be thoroughly sprayed 
within a matter of hours. Respraying of such 
areas would occur almost in the twinkling of 
an eye, in opinion of some of us, who were 
constantly faced with wash jobs on our cars. 
A full report will be made to the Society at 
this meeting on the status of the control pro
gram of this insect. I feel the control agencies 
have done a remarkably good job on this prob
lem and should be congratulated on avoiding 
much confusion and hysteria that usually ac
companies a control and eradication program 
of this magnitude. 

Your Societv has been much concerned in 
recent years ~ith the control and eradication 
of spreading decline in citrus. I do not have 
figures later than June 1st, 1956, but at that 
time inspection had been made on 4,421 grove 
properties_ comprising approximately 18,000 
acres. Infested groves were 960, comprising 
about 7,500 acres. Inspection had been made 
of 2,243 nurseries of which 306 were found 
to be infested. Beginning July 1st, 1955, the 
State Plant Board started its program of pull
ing trees from infested grove properties and 
treating the soil to eradicate spreading decline. 
As of June 1, 1956, 200 grove properties com
prising 1440 acres had been pulled and treated 
at a cost per acre of approximately $305.00. 
This total cost may be broken down with 
$89.00 · cost to push and bum trees, and 

$150.00 to remove roots and do a thorough 
job of treating the soil. The State. Plant Board 
expects to complete the removal of all infested 
acreage by July 1, 1957, and treat the acreage 
from which trees and roots have been re
moved. This clearly indicates fine progress in 
the control and eradication of this production 
problem. 

Despite the dual threats of fruit fly and 
spreading decline and other problems, the 
citrus industry continues to set new records 
of production with an estimated 138,000,000 
boxes of fruit to be harvested in the coming 
season. Except for the war years, the citrus 
section never had it so good, due in a large 
measure to its hand maiden the Processing 
Section which utilized 71 percent of last sea
son's crop. The Processing Section is diligent
ly making every effort to improve quality and 
increase consumer demand for its products. 
Much progress is being accomplished as re
flected in increased consumption of all pro
cessed citrus products. 

In the field of the Krome Memorial Section 
of your Society, much progress may be noted. 
Nutritional sprays of zinc, manganese and 
iron chelates have revolutionized the produc
tion picture on the limestone soils of Dade 
County where much of the commercial acreage 
of subtropical fruits are planted. Mechanical 
improvements in land preparation and devel
opment on this unusual soil has also contrib
uted to increased acreage. Two lime concen
trate plants in Dade County are contributing 
much to stabilizing the market for Persian 
limes. Some 6500 acres are now planted to 
this fruit crop in Dade County. 

New mango varieties are encouraging in
creased plantings of this fruit. This is one 
fruit immigrant that the longer it stays with us 
the better it gets. New variety developments 
are a far throw from the the first Mulgoba 
tree that fruited successfully in West Palm 
Beach around the turn of the century. Some 
of you have heard the beloved Dr. David 
Fairchild tell the Society of his hopes and fears 
of the early plantings of mangos in Florida. 
The annual Mango Forum and exhibit is a 
state-wide organization and I believe is a 
fitting example of Dr. Fairchild's fondest hopes 
for this fruit in the western world. 

Lychees have r_eached commercial produc
tion and a growers association was formed in 
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1951. This association is actively working on 
production and marketing problems. 

In the realm of the Vegetable Section, 
U.S.D.A. Truck Crop statistics reveal the 
Florida growers brought 385,000 acres of 
vegetable crops to the point of harvest last 
season, with shipments of 155,000 carlot 
equivalents. Acreage of vegetable crops has 
increased 21 percent and volume of shipments 
42 percent in the past fiv~ years. In the same 
five year period returns on vegetables at the 
F.O.B. level have increased 31 percent. To
matoes continue to be the most important 
vegetable crop grown in the State with the 
value of last year's crop exceeding the value 
of all animal products sold in the State. Last 
season 4.6 percent of the State's tomato pro
duction was shipped as vine-ripened and this 
supply resulted in much attention being di
rected toward this new development from a 
marketing standpoint. A study is now being 
made by Agricultural Economics Department 
of the College of Agriculture on the market 
outlook for vine-ripened · tomatoes. The Chair
man of this year's Vegetable Section of your 
Society is a successful vine-ripened tomato 
grower. I predict that the marketing of vine
ripened tomatoes is here to stay and that Flori
da will soon develop this activity into a major 
enterprise. 

Last season Florida harvested 37,700 acres 
of sweet corn, which was a crop not grown 
commercially in the State 15 years ago, The 
State now furnishes a continuous supply of 
this crop to the markets from October until 
July. 

Notable advances have been made by all 
phases of the vegetable industry in mechani
zation of production and harvesting processes. 
One of the newest harvesting machines to 
come to my attention is for tomatoes. This 
machine has an overall width of 365 feet. 
Such developments are resulting in larger 
growing operations. 

The Ornamental Section of your Society is 
a phase of horticulture that has increased 
phenomenally in recent years. The gladiolus in
dustry has expanded since 1940 from 4,500 
acres producing 5,000,000 dozen blooms to 
11,600 acres producing 20,000,000 dozen 
blooms. The growing of chrysanthemums has 
jumped from 5 acres in 1950 to 230 acres 

with a large part of this enterprise located in 
Martin County. Last season 46 growers har
vested 3,500,000 bunches of pompous and 
72,000 dozen standard blooms valued at $3,-
500,000.00. This is a good example of a hot 
house enterprise being adapted to production 
in the open under Florida's climate. 

A sizeable industry has developed on the 
woody peat soils of Highlands County in the 
production of calladium bulbs. This enter
prise has meant much to the economy of that 
area. The importance of large ornamental 
nursery business in the State is well known. 

The eternal light of your Society is its pub
lished proceedings. Volume 68, relating to the 
1955 meeting contains 400 pages. In the 69 
years of the Society's existence its proceedings 
have reported the best history of Florida's 
horticulture both practical and technical. 

Several years ago an index was published 
of volumes 5 through 37 of the proceedings. 
Three years ago your Executive Committee de
cided to compile an index of volumes 38 
through 68 and this was completed this sum
mer and now published and available to mem
bers. This work of indexing the proceedings 
was done with the intent of encouraging mem
bers to better use their proceedings as refer
ence material for any phase of horticulture in 
which they might be interested. 

I realize that I, and possibly many other 
members, .have not used their proceedings in 
the past as we should have, and possibly this 
was due in part to a lack of an index which 
would permit us to refer quickly and efficient
ly to any person or subject covered in the pro
ceedings. 

The Society has grown too large and com
plex for any member to attend the sessions and 
hear all the papers which might be of interest 
and value to them. Study of the proceedings 
is the only way then in which the Society may 
be of the most value to you. I would be remiss 
in duty if I didn't urge every member here to 
use and appreciate the work and knowledge 

. recorded in your Society's proceedings. I am 
not one to sermonize, but if I were, an appro
priate text might be found in Matthew 5:15: 
"Neither do men light a candle and place it 
under a bushel, but upon a candlestick; and 
it giveth light unto all who are in the house." 
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PLANT RESEARCH IN THE ATOMIC AGE 

GEORGE L. McNmv 

Boyce Thompson Institute 
for Plant Research, Inc. 

Yonkers, N. Y. 

When your fine secretary invited me to ap
pear on this program last June, I demurred 
long enough to prove my modesty and the_n 
hastened to accept before he changed his 
mind. As usual, I always enjoy a hip to your 
unique state. It is a particular honor and 
pleasure to appear before such a venerable 
and respected society as yours to discuss cer
tain new aspects of agricultural research. 

At the very outset we should come to an 
understanding that nothing I am going to say 
in the next hour will revolutionize Florida's 
agriculture. You will probably not find a single 
item to help you increase soil fertility, sup
press insects or aileviate plant diseases. After 
all you have one of the better, if not the best, 
ag;i~ultural research services in the United 
States to provide such information. Since it 
would be foolhardy for me to attempt to com
pete with such talent in your own fine institu
tions, I will spend this hour discussing selected 
items of research behind their research. Per
haps we can take a stroll behind the scenes to 
see what sort of principles of life and living 
processes are being investigated in order to 
provide a jumping off place for future research 
in agriculture. 

THE CHALLENGE OF THE MODERN ERA 

Our newspapers like to refer to this as the 
atomic age. Perhaps this is fitting because it is 
an era of change, growth and violent adjust
ments. To many of our citizens it has become 
an era of frustration, uncertainty and worry as , 
we face a violently explosive international 
.situation and see our economy shaken and un
stable on the rapidly shifting sands of techno
logical change and social unrest. 

Although we know that atomic violence 
hangs over our heads by day and night, I 
would not have us live in fear and trepida
tion. There is another side to this whole pic
ture that we should never forget. The same 
forces that threaten us can be diverted to our 
peacetime use and civilized progress, It is this 

story of progress through research in the com
mon great cause of humanity that we will in
spect here today. 

THE NEW ERA IN RESEARCH 

The opportunities in research were never 
more promising of glorious success than to
day. Scientists have behind them a mass of 
knowledge to be used as a foundation and 
new research tools that were undreamed of 
three decades ago. For the first time in the 
history of science man can trace the meta
bolism of a living thing by use of radioactive, 
unstable atoms. You can label a part of a tissue 
as it grows; a molecule in process of digestion, 
or even the parasite or pest that attacks the 
crop. The tissue, the molecule, the parasite, or 
the insect then becomes so conspicuously 
unique that it can be traced wherever it goes 
and yet it behaves exactly the same as all of 
its less conspicuous brethren. 

The physical chemist has given the biologist 
a host of other relatively simple tools to help 
in manipulating and , sepa,rating the labelled 
molecules. By use of paper partition chroma
tography one can separate out all the amino 
acids, ketones, aldehydes, acids, growth hor
mones, etc., then identify them and measure 
their concentration. , Assays that would have 
taken many months to perform can now be 
done in 48 hours. Best of all, however, the 
new techniques reveal related but previously 
unknown compounds to whet the curiosity 
and initiative of the investigator. No less sig
nificant is the use of elution column chroma
tography, ultracentrifuges, electrophoresis 
equipment and a host of other devices to sep
arate and purify components with biological 
activity. 

If there is any question about the identity 
and concentration of any material there are 
spectrophotometric devices to substantiate one's 
opinions and guide his research. For example, 
just think of this fact. One of our scientists 
tells me that we can now make a complete 
amino acid analysis of a single female house
fly in two days. If we find an undescribed 
amino compound we can elute it and get a 
complete fingerprint of its characteristic bonds 
within two hours by use of infrared absorp
tion. You can do all this if the miserable old 
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flv had as much as a few micrograms of the 
chemical in her body. 

This example could be multiplied a hun
dred-fold by choice of other devices and tech
niques-the· physical chemist who pulls two 
closely related viruses apart in an electrophore
sis apparatus by minute differences in their 
surface charges or by differences in their mass 
or density in an ultracentrifuge, or the X-ray 
crystallographer ,vho plots the arrangement 
of invisible and active atoms one to another 
in a crystal lattice that one barely sees under 
the most powerful microscope. This is a great 
era in which to live. Every scientist worthy of 
the name should thrill to the opportunities be
fore him to understand the universe. 

For many decades the botanist and horti
culturist have been interested in the outside 
of plants. They did a necessary job of describ
ing the organs and determining the relation 
of one plant to another. We learned how to 
change these external appearances by breed
ing, altering their nutrition, or exposing them 
to chemicals. However, no one knew exactly 
what had been done or why plants reacted the 
way they do. Today a new viewpoint is com
ing into plant research. \Ve are more interested 
in what a plant does than what it looks like. 

The activities going on inside of millions 
of . tiny cells in each tissue arouses one's 
imagination. There is a beehive of activity in 
one of these cells-with a volume of less than 
one-billionth of a cubic inch-that would put 
the best man-made factory to shame. For ex
ample, if one provides the leaves of a plant 
with labelled C''O,, within five minutes there 
may be detected 57 new organic compounds 
in the tissue. Within a couple of hours some 
of the very complex new molecules are being 
secreted from the roots. One must admit that 
the dynamics of cell operations are tremend
ous. 

The activities of these cells are of interest 
to men because anyone who can control the 
cell can change the tissue and thereby regulate 
the entire plant to our selfish purposes, One 
can make cells grow faster, change their shape, 
inactivate them completely, change their 
heredity; render them more nutritious or make 
th~m immu~e to disease_ by use of the appro
priate chemicals, Therefore the scientist who 
will take the time and effort to understand 
cell functions should be able to uncover basic 

principles of life which he can exploit in mak
ing plants more serviceable to man. By the 
same token, the man who would control in
sects, diseases and weeds has an obligation to 
study them carefully to determine their 
strengths and weaknesses. 

By so doing, the biologist can orient the ef-
1 

forts of the chemist in developing new types 
of chemicals to solve many problems in. plant 
culture. The examples we will consider here 
today lie in this general area on the frontiers 
of science. They are chosen from work of 
various scientists at Boyce Thompson Institute, 
not because thev are the only work in the area 
or even superio~ to that of ~thers but because 
of my familiarity with them. 

FUNGICIDAL BuLI,ETS 

Men have been at war with, the fungi since 
time eternal. You people here in Florida need 
not be reminded that tremendous quantities of 
chemicals must be applied to plants to prevent 
fungous diseases. You contribute a substantial 
share of the 125 million dollars spent each 
year in the United States on control of plant 
diseases. 

In spite of this terrific investment we are 
only partially successful in reducing the rav
ages by fungi. According to our best estimates 
they still destroy 7% of our potential agricultur
al productivity. This amounts to about 2.8 
billion dollars a year. To get down to brass 
tacks it means that every man, woman and 
child in the United States pays $24.20 a year 
in tribute to the fungi. Each family would be 
horrified if it entered $96 a year in its house
hold budget as the cost of plant diseases but 
such are the facts. 

Obviously we need better methods of con
trolling diseases. Some people may make their 
contribution by breeding resistant plants, im
proving crop rotations etc., but we have elected 
to see what can be done in improving fungi
cides. There are several good fungicides but 
we need more and the only way we are going 
to get them is invent them. We have decided 
to learn all we can about the ones now avail
able so we can develop better ones. Here are 
a few examples of recent developments. 

Sulfur operates in a unique fashion. The 
particle of sulfur deposited on a leaf or fruit 
volatilizes and reaches the spore in the vapor 
phase. By use of radioactive sulfur (S:i:;) Drs. 
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Miller and McCallan have shown that the sul
fur atom is taken up by the spore and is almost 
immediately reduced to hydrogen sullide. It is 
released within a couple of minutes from the 
spore and, contrary to previous conceptions, 
the H,S does not act as a fungicide in destroy
ing the spore. Please note that facts such as 
these could be determined only by using iso
tope tracer techniques. 

Once these facts were out in the open our 
scientists began to wonder how sulfur could 
destroy a spore without entering into cell re
actions. Biochemical studies have shown that 
the spore suffers irremedial damage when it 
gives up two hydrogens to reduce each sulfur. 
For each molecule of sulfur reduced, the spore 
releases a molecule of carbon dioxide. By the 
time the spore has reduced 15,000 to 25,000 
parts of sulfur per million units of body weight 
it succumbs. · 

The search in this area goes on to determine 
what organic acid in the spore is undergoing 
decarboxylation. Insofar as we know, sulfur is 
unique among the fungicides in its ability to 
destroy a spore solely by robbing it of ma
terials. All other fungicides enter the spore 
and react with vital cell constituents. Sulfur is 
a hit and run bullet that bleeds the spore to 
death. 

The organic fungicides are far more fas
cinating. They can be designed in a wide 
variety of forms with only minor differences · 
in configuration. By trial and error, chemists 
have learned that there is a rigid requirement 
of chemical structure to attain effective fun-

. gitoxicity. Why does a minor change in chemi
cal structure affect the fungicidal activity so 
drastically? It is becoming increasingly clear 
that the changes either influence the ability 
to penetrate the fungous body, to enter into 
certain vital cell reactions and disrupt them, 
to change resistance to the cell's detoxification 
mechanisms or to modify the stability and per
sistence of the molecule. 

Most of you "know that there are two quin
one fungicides on the market under the trade
names of Spergon ( chloranil) and Phygon 
( dichlone). Many of you may have heard me 
say in years past that dichlone was about 20 
times as fungicidal as chloranil. This appears 
to be true when one measures their effect on 
spore germination but it is contrary to what 
one would expect from their chemical at-

tributes. Dr. Owens has cast much light in 
this area by recent studies on the effect of 
several dozen quinones and hydroquinones on 
enzyme systems. He found that there was a 
very close correlation between fungitoxicity 
and ability to inhibit sulfhydryl- and amino
bearing enzymes. An exception was observed 
in comparing benzoquinone and naphthoquin
one analogues. He was finally able to show 
that benzoquinone appeared to be less active 
than naphthoquinone because it was detoxi
fied more readily by entering into extraneous 
reactions. Dark-colored spores secrete sub
stances that inactivate much of the benzo
quinone before it can penetrate and destroy 

· the spore. . 
Most of us have wondered what roles are 

played by the halogens on the organic mole
cules so commonly used as insecticides, fungi
cides and herbicides. Dr. Burchfield has care
fully studied the effect of placement of two 
types of chlorine in the symmetrical triazines, 
a new class of fungicides developed by Dr. 
Schuldt in cooperation with chemists of the 
Ethyl Corporation. These compounds have the 
following structure: 

6(chloroanilino)-2,4-dichloro-4-triaz:l.ne 

The two chlorines on the triazine nucleus · 
were found to be essential for reaction with 
sulfhydryl-bearing enzymes and related com
pounds. If they are replaced with other groups 
the molecule becomes impotent because it can
not react in the cell environment. The chlorine 
on the anilino group serves a multiple function. 
When placed ortho to the nitrogen it activates 
the chlorine on the triazine nucleus. One 
might describe it as a booster charge because 
of its effect on electron density at the vital 
part of the molecule. Therefore, if the chlorine 
is substituted at this point activity may be in
creased several-fold, depending upon the 
species of fungus affected. 

This booster effect declines as the chlorine 
is pushed farther away into the meta or para 
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positions on the phenyl ring. In spite of this 
diminishing effect the parachloroanilino com
pound is much more active than its meta ana
logue. This has been shown to be due to its_ 
greater ability to penetrate the spore wall of 
certain fungi. 

The concepts on spore penetration have 
changed drastically in the last three years. We 
are leamincr that certain groups such as the 
parachlorophenyl, or the long alkyl chain of 
14 to 17 carbon atoms alter the lipoid solu
bility of a molecule enough to regulate com
pletely the ability to penetrate the waxy and 
oily layers in the fungous wall. Merely by 
changing the length of the carbon chain in 
the 2-position of the imidazoline nucleus it is 
possible to render the molecule safer for use 
on plants and more destructive for spores at 
the same time. Glyodin was developed by Drs. 
Wellman and McCallan merely by lengthening 
the carbon chain from eleven atoms where it 
rendered the molecule violently injurious to 
the plant and relatively weak for the fungus to 
17 carbon_ atoms where the reverse situation 
held. 

In studies employing radioactive molecules, 
Dr. Miller has been able to show that fungi
cides not only penetrate the spore wall at un
believably fast rates but may also change the 
permeability of spore membranes. If spores 
are placed in a suspension containing 2 p.p.m. 
of glyodin they will accumulate up to 6000 
p.p.m. of their own body weight within 2 to 5 
minutes. Interestingly enough, such a spore 
destroyed by this organic chemical will take 
up just as much mercury or silver fungicide 
as a normal living one. Likewise, he found 
that mercury and silver did not interfere with 
each other although it had been assumed that 
heavy metals might be expected to occupy 
similar reaction sites. The spores actually took 
up more mercury after they had been exposed 
to silver than comparable untreated spores. 
This was traced to a change in the semi
permeable membranes of the spore. Silver af
fects the spore so its cell constituents are lost 
more readily and external chemicals penetrate 
more actively. 

· By patient studies such as these we are 
cataloguing the effects of changes in chemical 
structure on the activities of various. types of 
molecules. The ultimate goal of course is to 
define all the characteristics of a fungicide so 

we can design one that will penetrate the 
fungous body, enter into a vital reaction with 
an enzyme or metabolite, but not be detoxi
fied by extraneous reactions. This is a big 
order but it is not an impossible one._ 

Vmus MULTIPLICATIONS AND PATHOGENESIS 

One of the great areas of knowledge to be 
developed is the nature of virus infections in 
plants. In spite of the monumental stride~ for
ward in the past thirty years, the riddle of how 
viruses multiply and cause disease remains un
solved. The presence of virus protein does not 
necessarily cause disease symptoms. Investi
gators have isolated and identified heavy 
weight proteins from apparently normal 
plants so removal of proteins from normal 
pathways of metabolism does not e~p~ain the 
disease conditions. As a matter of fact nu
cleic acid may be combined with proteins 
without inciting symptoms as witnessed by the 
research on recovery of tobacco from ring 
spot done by Dr. Price, a former member 
of our staff, now with the Citrus Experiment 
Station. 

On the assumption that there is some physio
logical disturbance other than the abnormal 
use of protein, Dr. Porter has been investi
gating the biochemical changes in plants dur
ing the incipient stages of infection before 
disease symptoms appear. The first reaction of 
a plant to the tobacco mosaic virus appears to 
be an abnormal synthesis of amino acids. By 
use of paper chromatography he has been 
able to demonstrate a net increase in alanine, 
threonine, aspartic acid, lysine, gamma amino
butyric acid, asparagine and serine within 72 
to 96 hours. After attaining this peak concen
tration they began to decrease so they were 
present in subnormal concentrations after 192 
hours. Glutamine followed the same pattern 
except that it attained a much higher peak 
and within a shorter period after inoculation 
of the virus. Apparently there is some mechan
ism of nitrogen assimilation triggered by the 
virus before it begins to multiply much less 
create symptoms. As soon as the virus begins to 
multiply, the concentration of amino acids 
declines. The mechanism by which these 
changes are implemented is imperfectly un
derstood and obviously justifies much more 
investigation if we are to understand the 
physiological basis of pathogenesis by viruses. 
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Within the past five years the scientific 
world has come to understand much more 
about the virus particle itself. Dr. Magdoff 
has been studying the physical properties of 
southern bean mosaic virus by X-ray diffrac
tion. Interest is being directed primarily to
ward the spatial relationship of nucleic acid to 
the protein and to the packing of subunits of 
the virus in crvstals. We now know that 
viruses may be degraded by removing nucleic 
acids and can be restored to activity by re
combination of these two components, so 
studies of this sort become extremely im
portant. 

There is no more exciting area of research 
than these on virus proteins. The very basis of 
life is involved in • the studies on ribonucleic 
acid and protein synthesis. In due season, as 
techniques are perfected on viruses, one may 
expect such studies to be extended to the 
mechanisms of heredity. Far in the future the 
redesigning of chromosomes by chemical 
methods far more advanced than the primitive 
use of colchicine today to induce polyploidy. 

THE MECHANISM OF ACQUIHED RESISTANCE 

OF INSECTS TO INSECTICIDES 

One of the serious problems facing the 
agriculturist is the tendency of insects to ac
quire resistance to insecticides. For example, 
greenhouse operators have found that red 
spider mites develop resistant populations 
within a few months to two vears after a new 
chemical is introduced. In ' the past decade 
they have run through five new chemicals 
that ·were found only by a tremendous invest
ment in funds and research time. The mites 
are so tiny that we have not had the courage 
to begin a study of them. There are equally 
interesting cases of resistance in houseflies, 
mosquitoes, flea beetles, lice, etc., that can be 
used. Currently our people are working on 
the resistance of houseflies to chlorinated hy
drocarbons since they present an excellent 
subject for study on the comparative biochem
istry of resistant and susceptible populations. 
By use of pure culture techniques to avoid 
microbiological contaminants, paper chroma
tography to separate and measure cellular 
components such as amino acids, and use of 
Geiger counters to follow the pathway of 
metabolism of unstable atoms such as S"" we 

are obtaining considerable information on 
what happens when an insect becomes resist
ant. 

Dr. Moorefield has continued studies which 
he began while he was a student at the Uni
versity of Illinois. The flies resistant to DDT 
have a new type of enzyme known as dehydro
chlorinase. This material makes it possible for 
the insect to detoxify the chemical by remov
ing HCl from the molecule. The enzyme does 
not require a metallic constituent to activate 
it and appears to be a specific sulfhydryl type 
of material. Within the past year, Dr. Moore
field has shown that the ability to produce 
this enzvme is latent in the larvae of an ordin.i 
ary pop~1lation of DDT-susceptible insects but 
probably does not occur uniformly in all in
dividuals. When larvae are exposed to DDT 
only those with exceptional ability to generate 
this enzyme mature. Because of this, the re
sistant adults have demonstrable quantities of 
dehydrochlorinase while comparable suscepti
ble insects do not. 

It is perfectly obvious that we need to know 
more about the metabolic processes of insects 
which permit them to detoxify chemicals or 
develop alternate metabolic pathways to es
cape the lethal effects of insecticides. Since 
sulfhydryl compounds allegedly play such an 
important role, Dr. Cotty and Dr. Hilchey 
have been studying sulfur metabolism. Con
trary to ordinary beliefs that animals must ob
tain their sulfur from organic materials in 
plants, these investigators have demonstrated 
that insects can convert sulfates "into sulfur 
amino acids. By use of paper chromatography 
to separate the various acids and measure their 
concentrations and by feeding sulfates and 
other materials labelled with sss they have 
been able to trace the process in aseptically 
reared cockroaches and houseflies. The sul
fates are converted into methionine and the 
methionine is changed into cystine through an 
intermediate cystathionine. The cystathionine 
seems to serve as a unidirectional regulant 
since cystine cannot be converted back into 
methionine. The cystine may be converted into 
taurine and excreted as such. 

Preliminary evidence indicates that some re
sistant houseflies have exceptional ability to 
synthesize glutathione but further research 
along these Jines will be re<1uired to establish 
the point. 
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THE PROCESSES OF ABSCISSION FORMATION 

One of the very vital processes in plants is 
the abilitv to shed leaves and blossoms. The 
process depends upon the formation of an 
abscission layer of cells at the base of the 
leaves or blossoms but beyond this knowledge 
very little is known. We know that many plant 
disease agents produce a biochemical change 
that causes diseased leaves to fall so one may 
assume that chemical messengers are involved 
in abscission cell formation. Since we know so 
little about the chemical stimuli we have very 
imperfect control over defoliation of cotton to 
facilitate picking or removal of leaves from 
nursery stock to improve its storage qualities. 
Neither do we know how to prevent shatter
ing of foliage from forage legumes, or loss 
of leaves from diseased plants and blossoms 
from cut flowers such as the rose. 

Sometime ago we set out to design a new 
type of heterocyc!ic sulfur fungicide. We 
failed completely insofar as making a fungicide 
was concerned but we did notice that some of 
the compounds had ability to cause the leaves 
to drop from beans. Over a period of two 
years we have synthesized a variety of related 
compounds and succeeded in developing a 
new class of defoliants that can be applied 
either through the roots or directly to the 
foliage. 

The remarkable thing about these new 
materials is that they cause a simple physio
logical defoliation without burning or distort
ing the leaves. As a matter of fact they dupli
cate the natural processes of leaf shedding 
almost precisely. A couple of days after the 
material is added to soil the innermost leaves 
begin to change color. Some members of the 
series cause the leaves to take on a red tinge, 
then become yellow and finally drop from 
the plant. Defoliation proceeds steadily out
ward and upward until the entire plant is de
foliated. If the plant is held for several weeks 
it completes its dormant period. New buds 
break forth and the plants resume normal 
growth. These materials offer such a wonder
ful opportunity to study the biochemistry of 
defoliation that we were prompted to organ
ize a study of defoliation by natural processes, 
freezing and chemicals. 

Dr. Plaisted has found that within a matter 
of a couple of days after a defoliant is applied 

to cotton, the number of free amino acids in 
the petiole increases from three to about 
twelve. A similar phenomenon has been ob
served in the leaves of deciduous trees in the 
fall and Dr. Weinstein found that rose petals 
undergo an increase in soluble nitrogen after 
cutting. This promising lead suggested that the 
first stage in abscission formation is the stim
ulation of amino acid production and that 
these amino acids would facilitate formation of 
new cells in the abscission layer. 

Unfortunately the story on abscission will 
not prove so simple. A careful study of the 
total nitrogen balance indicates that the amino 
acids are the result of senescence in which 
proteolysis occurs rather than the incitants of 
a .new process. However, we do have one fas
cinating lead in Dr. Plaisted's work. He has 
found an active principle in shattered blos
soms that causes abscission of foliage in nor
mal healthy plants. Studies are underway to 
isolate this factor and learn more about its be
havior. The significance of this research to 
date is that we are building up a set of ex
perimental procedures for regulating and 
studying this vital, but very seriously neglected 
field. 

THE REGULATION OF PLANT GROWTH 

If studies such as those described on the 
fungicides, viruses, insecticides and foliage 
abscission seem far-fetched, unrealistic and not 
likely to ever produce significant practical re
sults, I would like for you to bear with me a 
moment while we outline the consequences of 
another basic research program. About 25 
years ago the Institute assigned Dr. Zimmer
man and Dr. Hitchcock to a study of how 
plants grow. They were free to study any 
aspect of plant growth and differentiation that 
appealed to them. Their attention was grad
ually focused on methods of altering the nor
mal balance of growth hormones or chemical 
stimuli in plants by adding chemicals to the 
plant. 

From this research there came knowledge 
on the use of ethylene gas to anaesthetize cells 
or regulate maturation 'processes in cells, and 
root-inducing substances that have hcen use
ful in plant propagation. Interest in indole and 
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naphthalene compounds led to a study of 
other types of acids, especially chlorinated de
rivatives of benzoic acid and eventually to 
aryloxy acids such as 2,4-D. By 1941 they 
had described the selective growth regulant 
ability of 2,4-D and opened the doors to a 
new era in weed control and the development 
of specific growth regulants. 

There is no need to dwell upon how the 
American public grasped the opportunity to 
remove broadleafed weeds from lawns, road
sides, wheatfields, pastures and cornfields. 
Within ten years, consumption of 2,4-D ex
ceeded 25 million pounds a year. Even more 
important was the contagious enthusiasm of 
dozens of chemical companies to hunt for 
other classes of regulants and selective herbi
cides and of scores of experiment stations to 
employ weed specialists to study the chemical 
control of weeds. An entire new profession 
sprang up within a decade. A national society 
and four regional weed control conferences 
were organized so thousands of scientists meet 
annually to discuss progress and plan for the 
future. This probably has been the most pro
gressive and dynamic branch of agricultural 
science in the past two decades. 

Peculiarly enough, 2,4-D ·· came into exist
ence because someone was interested in 
growth processes. These men were not as-. 
signed to work on weed control. There is good 
reason to believe that they might never have 
discovered such a material had they been told 
that they were to study weed control because 
they would have had no background, either 
from experience or literature knowledge to 
suggest that selective growth regulants should 
have been used. If ever there was an example 
to show how science makes its big steps for
ward, this is one. 

Science needs depth and breadth of under
standing. The men of science must dig be
neath the surface to find more than meets their 
eyes. If research projects are defined so speci
fically that scientists must follow narrow, 
rigidly prescribed objectives, their effective
ness will be minimized because it is these big 
steps forward that clear the way for the work
men of science to build a new house of knowl
edge. Let us look at four rooms in the 2,4-D 
house to see what has happened since 1941. 

The 2,4-D molecule has three significant 
features. These are the two chlorines on the 
benzene ring: 

Cl 

the oxygen linkage between the ring and acid 
groups, and the free carboxyl group. Explora
tory research has indicated that the oxygen 
link may be replaced with nitrogen to give a 
weaker class of regulant but so far nothing 
of practical significance has developed in this 
area. 

Study soon showed that the halogens played 
very dominant roles. The chlorine para to the 
oxygen was found to be indispensable but the 
ortho chlorine could be eliminated or replaced 
by a methyl group to give a compound only 
slightly less effective. However, when a third 
chlorine was added to one of the free positions 
a gamut of effects was obtained. A chlorine 
in the 3-position to give the 2,3,4,-trichloro 
compound has very little effect on regulant 
ability. When added in the 6-position so both 
positions ortho to the oxygen are blocked, the 
compound is essentially inactive. When the 
chlorine is added in the 5-position to give 
2,4,5-trichlorophenoxyacetic acid there is . a 
slight ·diminution of regulant activity for some 
plants and an increase in the caustic or lethal 
effect on others. This new compound will 
destroy raspberries and woody plants that are 
very resistant to 2,4-D. This was the first major 
step forward and has been tremendously im
portant in brush control on ranges and farm 
pastures. 

The next step came from a study of the car
boxyl grouping. McNew and Hoffman found 
in 1946 that the acid group could be converted 
,to a salt, amide or ester without destroy
ing activity. In other words the 0=y- OH 

group could be changed without destroying 
regulant ability provided a free carbonyl 
( C=O) grouping remained. This fact was ex
ploited fully in the next few years by three 
lines of development. The volatility of the ma
terial was reduced so it would be less hazard-
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ous for use around valuable susceptible plants 
by converting it to metallic or other salts. The 
acid was rendered readily dispersible in water 
by converting it to the very soluble triethano
lamine salts. Finally, it was converted to one 
of the esters which were more effective in 
the arid western areas than the salts because 
of their volatility and lipid solubility proper
ties. 

The third change came from further studies 
in the Institute laboratories on 2,4-dichloro
phenoxyethanol and its sulfate ester. Dr. King · 
found that these materials were essentially in
active on plants normally susceptible to 2,4-D. 
Thus the replacement of the free carbonyl 
group by a hydroxyl group was fatal to the 
herbicidal activity. The project might have died 
at this point had he not noticed that the ethyl 
sulfate ester, since named Crag Herbicide I, 
would prevent germination of weed seeds 
when it was sprayed on the soil. He showed 
that the compound was activated into a herbi
cide by ordinary soil but not by steam steri
lized soil. It remained for Dr. Vlitos to show 
that Bacillus ceretts var. mycoides, a common 
soil bacterium, produces a sulfatase enzyme 
that removes the sulfate radicle. Other bacteria 
in the soil oxidize the resultant ethanol deriva
tive to 2,4-D acid. Thus soil microorganisms 
can generate 2,4-D in the soil in sufficient 
quantities to kill weeds. This is a safer, more 
selective type of compound than 2,4-D. By 
extending this principle to other analogues of 
the phenoxy-ethanol series a . whole comple
ment of new compounds is being evolved that 
can be used to destroy weeds in fields of such 
sensitive crops as tomato. 

The fourth development came from study
ing the effect of increasing the length of the 
carbon chain in the acid. Dr. Wain of England 
has confirmed earlier observations by Syner
holm and Zimmerman that 2,4,-dichloroary
loxy compounds with an even number of car
bon atoms in the side acid are more toxic than 
the compounds with an odd number. This has 
been shown to be due to the ability of plants 
to metabolize this part of the molecule by re
moving two carbons at a time to convert the 
material back to 2,4-D. Because of this 2,4-
dichlorophenoxybutanol may be converted 
into 2,4-D by some plants. Peculiarly enough, 
the legumes such as peas and alfalfa do not 
have this ability so the butanol derivative does 

not hurt them even as it destroys wild mustard 
and other weeds growing in pea or alfalfa . 

· fields. 

These four developments within the first 
decade of the 2,4-D era show what can be 
done by the ingenuity, curiosity and alertness 
of scientists once they are given a new tool to 
work with. Of course these four achievements 
stand out like brilliant gems of intellectual at
tainment but one must remember the tens of 
thousands of hours of patient research and 
hundreds of ideas that failed. They are the 
overhead that must inevitably be paid for 
every advance in research. 

SUMMARY 

We have foraged far afield in our discussion 
here today. Some of you may be confused by 
the complexity of the details as to chemical 
structures or the nature of cell activities. You 
have my humble apologies for overburdening 
you. However, the details are not too import
ant. They are nothing more than illustrations 
of the basic principles we have been eluci
dating. If you can leave here with a positive 
impression as to· the general principles in
volved we will feel that all the hours spent in 
preparation and travelling down here were 
well spent. Let us look at these principles. 

Principle l. The scientific agriculturist is 
turning his attention from exterior considera
tions to a study of cell metabolism. This new 
trend is absolutely necessary if we are to make 
systematic progress in the future. Remember, 
the person who can control the operation of 
cells can determine the fate of the individual 
plant, the disease agent, the insect, etc. 

Principle 2. It is possible to design mole
cules to do almost fantastic things to ·a cell. 
Although our knowledge is in a most primi
. tive state there is a great gleam of light shin
ing down upon us. It is possible to design mole
cules that fit like the key in the lock of cell 
morphology and physiology. Molecules can be 
made to penetrate one type of tissue and not 
another, to change cell permeability, to enter 
into different metabolic pathways, and even 
to differ in their stability and reactiveness. Re
member· that the future will see new kinds of 
molecules in the garden. They will take the 
place of insects, diseases and weedy plants 

. and make plants rebel at their own genetics. 
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Principle 3. The type of basic research that 
must be pursued in this great development 
does not come easily. It takes time, patience 
and many, many dollars. It is necessary that 
every one of us understands this and encour
ages it. Men must be encouraged to seek basic 
principles of life processes so investigators 
such as themselves can use intelligence in 
creating new processes of farming and new 
products. The scientist who operates from a 
sound set of basic principles is efficient, ef
fective and adaptable. Without these principles 
he must experiment by blind probing. Even
tually blind research becomes too expensive to 
support because of the low, rate of progress. 

Principle 4. There never was a time when 
biologists had better research tools at their 
disposal than today. The things that can be 
done in a ~ most routine fashion simply were 
not dreamed of twenty years ago. There is a 
certain measure of hazard to the tremendous 

technological strides of our lifetime but the 
long range view is that more good will come 
from it than harm. People will be fed better, 
clothed warmer, and housed more satisfactori
ly because of scientific progress. We are con
fident that the future is brighter for having 
knowledge of the atom even though it may 
do great damage in the hands of a moron or 
a moronic society. 

Before every scientist there is an opportunity 
to serve as never before. There are available 

, new tools, more money, and more challenge 
than ever before. If this nation and its demo
cratic processes are to continue strong, healthy 
and progressive its security will come through 
skillful use of every mental and physical re
source at our command. Therefore it is not 
only a privilege to be a scientist in such a 
great era; it is a moral obligation to serve 
skillfully and progressively with the long 
range viewpoint uppermost in our minds. 

THE MEDITERRANEAN FRUIT FLY 
ERADICATION PROGRAM 

IN FLORIDA 

·En L. AYERS, COMMISSIONER 

State Plant Board of Florida 

Gainesville 

G. G. ROHWER, AREA SUPERVISOR 

U. · S. Department of Agriculture 

Lake Alfred 

Modern warfare against a major agricultural 
insect·enemy in Florida has come into its own 
in the present Mediterranean Fruit Fly Erad
ication Program. The combination of aircraft 
and improved chemical control procedures, 
supported by an intensive inspection program, 
has beaten the fly back and should effect com
plete eradication within a matter of months. 

More than 25 .years ago this same insect in
vaded Florida and was eradicated after a long 
and expensive fight that exhausted 18 months 
in time and $7,500,000 in state and federal 
appropriations. That was a campaign that 
created a great deal of criticism with its poli
cy of destroying all host fruits and vegetables. 

In addition, the arsenic used in spraying host 
plants did much damage to those plants and 
trees. 

That was modern warfare in those days
utilization of the best known methods of erad
icating a fly that had seriously affected fruit 
and vegetable production in other parts of the 
world. Regardless of procedures followed the 
outcome was the successful eradication of the 
Medfly, the only time in agricultural history 
that this insect had been eradicated from any 
country. 
. The present campaign against the Medfly 
began only a few days after a Miami resident 
reported to the Dade County Agent's office 
that larvae had been found in a backyard 
planting of grapefruit. Tentative identification 
of the larvae as that of the Medfly was made 
by state and federal laboratories, ~ind the posi
tive identification followed the receipt by these 
same laboratories of fly specimens trapped in 
the Miami area. 

The early weeks of the campaign could not 
have been much different from those of the 
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first fight, for the methods were very similar. 
Until research men could formulate an effec
tive program, the eradication plan moved along 
the old lines of destruction of host fruits and 
vegetables and the ground spraying of host 
plants and trees. 

Todav however the modern idea is the 
use of ~hemical co~trol procedures tested and 
approved in other campaigns against the same 
flv. In this instance, the testing ground was 
Hawaii, where the Medfly is only one of 
three major fruit fly threats. The Florida 
fight has offered the first complete test for 
these chemicals and procedures. 

Within two weeks after the initial find a 
network of traps had been cast over the state 
in an effort to delimit the infestations; and the 
malathion spray formula, involving a protein 
hydrolysate bait, had been given its first test 
in the heavily infested areas of Miami. 

When fly catches disclosed that the infes
tations were more widespread in Florida than 
at first thought, spraying took to the air with 
the employment of aircraft equipped for this 
purpose. These aerial applications marked the 
real break with the past and the time-con
suming procedure of destroying host fruits and 
vegetables was discarded. 

The spray mixture of malathion, an organic 
phosphate, and a protein hydrolysate bait 
proved successful under Florida conditions. 
Malathion, used in the form of 25 percent 
wettable powder, was selected for the pro
aram because it possesses the lowest mam
~alian toxicity of any effective toxicant avail
able for Medfly control. 

The theory of aerial application of insecti
cides has been applied to the program and 
proved an unqualified success as evidenced by 
the fact that the Medfly apparently has been 
eradicated from almost half the state's 27 in
fested counties within the space of six months 
and insecticidal treatments discontinued. To 
accomplish this malathion bait sprays, through 
October, have been applied to 750,000 acres 
one or more times. The repeat treatments to 
this acreage have accounted for the treatment 
of more than 5,000,000 acres. Dieldrin sur
face treatments have been applied under host 
plants to 28,000 acres. 

During the early months malathion was 
utilized at the rate of one-half pound of toxi-

cant per acre, but this dosage has been cut 
to approximately three-tenths of a pound in 
recent months. 

The attractant first used in the mixture was 
an enzymatic protein hydrolysate from brew
er's yeast or casein, employed at the rate of one 
pound per acre. Later a less expensive attract
ant, an acid hydrolysate of corn protein in 
liquid form was used at the rate of one quart 
per aci·e. Only one pint of this liquid attractant 
now is used, mixed with three-tenths of a 
pound of actual malathion and enough water 
to compose one liquid gallon of mixture. This 
spray is applied at the rate of one gallon to 
an acre. 

In the early stages of the campaign the 
spray was applied at 10-day intervals in order 
to kill each new generation of the fly. This 
schedule was set up on the basis of a normal 
life cycle of approximately 30 days. In a 
breakdown of this cycle, roughly 10 days each 
are allotted to the larval and pupal stages, and 
the period required before the female fly be
comes sexually mature enough to lay eggs. 
The eggs hatch in one to two days. · 

The purpose of the 10-day spray schedule 
was to kill the immature fly in the pre-ovi
position period. The use of dieldrin for the 
treatment of soil surfaces is designed to kill 
the larvae leaving the fruit to enter the ground 
to pupate, and also kill adult flies emerging 
from the soil. Dieldrin granular 30-40 mesh is 
applied at the rate of 50 pounds of 10 percent 
material per acre, or approximately five pounds 
actual dieldrin per acre. The material is ap
plied to the soil under host fruits. 

When the infestations persisted in some 
limited areas after several months of spraying 
field inspections disclosed that some adult 
flies were appearing in traps after the 30-day 
life cycle period. Some of this occurrence was 
attributed to heavy showers, but research 
proved that the fly larvae were still alive and 
active in over-ripe guava drops 19 days after 
the first spray. Larval development was de
layed to approximately 21 d~ys in over-ripe 
mango drops and as long as 25 days in some 
mummified grapefruit, sour orange, and tan
gerine shiners. This prolongation of one stage 
in the reproduction process meant a greatly 
extended life cycle which had to be . com
pensated for through extending the bait spray 
treatments. 
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Spray applications have been cut to seven
day intervals in recent months and the possi
bility of flies escaping the poison spray re
duced to an infinitesimal point. Effectiveness 
of the spray has been attested to by recent 
findings which disclose an exceptional drop in 
the fly populations in the state. Twelve coun
ties have been released from the aerial spray 
program, and two others are scheduled for 
release in the next two weeks. In addition, 
four of these counties no longer are subject to 
fumigation regulations for fruits and vege
tables originating in those counties. 

The decrease in fly finds is more than en
couraging in the light of trapping reports. 
During the summer months when the fly ap
parently was making most headway, the field 
total never exceeded the August figure of 18,-
000 traps. Finds at that time were numbered 
at more than 2,000 flies. That was listed. as 
encouraging in the light of 5,000 finds from 
4,000 traps in June. But even more progress is 
noted in the latest figures which disclose less 
than 600 finds from 48,000 traps, 

Effectiveness of the trapping operation was 
increased by the improvisation of a new type 
of trap designed by a research entomologist 
with the program. This trap is a horizontal 
plastic model open at opposite ends. 

The principal attractant used in the trapping 
operation is oil of angelica seed, which is 
mixed with a poison, three percent DDVP 
( Dimethyl Dichloro Vinyl Phosphate). Chlor
dane or DDT powder is dusted in the dry 
traps to kill ants that might remove the flies. 

One of the important parts of the program, 
the roadblock, has been discontinued as a re
sult of the sharp drop in fly infestations. 

The system of roadblocks was established 
in the first weeks of the program and con
tinued until last month when vehicular in
spections were considered no longer necessary. 
Check points were set up around heavily in
fested areas to protect other parts of the state 
from equally as heavy infestations. 

In five months of operation the roadblock 
inspectors checked more than 4,000,000 ve
hicles and confiscated many tons of host fruits, 
vegetables and plants. This was of inestimable 
value to the eradication program, since it was 
established beyond a doubt that the fly moved 
to other points in the state along well-traveled 
highways. This movement paralleled that of 

vehicular traffic. It is impossible to estimate 
how far and how fast the insect would have 
traveled without roadblocks to halt that pro
gress. 

Complete eradication of the Medfly is the 
aim of the program and must be accomplished 
in order to protect the agricultural interests of 
Florida and of the United States. 

The use of dieldrin for soil applications and 
of malathion for foliar treatment has per
mitted Florida to move practically all fruit and 
vegetable crops to date. That is in sharp con
trast to the first eradication program in which 
host fruits and vegetables were destroyed. 

In. short, the present program is eradicating 
the fly and permitting the marketing of com
modities under almost normal circumstances. 
In this, fumigation has played an extremely 
important role and will continue to play that 
role until the Medfly has been completely 
eradicated. ED B ( ethylene di bromide) is 
used to fumigate citrus and other host fruits 
and MB ( methyl bromide) many host vege
tables. Both gases are used in specially con
structed or modified gas-tight fumigation 
houses equipped with special air circulation 
and gas volitization equipment, At the end of 
October more than 175 fumigation chambers 
had been approved for use in the Medfly pro
gram in connection with fumigating material 
regulated on · account of the Mediterranean 
Fruit Fly Quarantine. In addition, 37 fruit 
processing plants had so modified their pro
cessing procedures to permit them to handle 
the regulated fruit without endangering fur
ther spread of the Medfly. 

Presence of the Medfly in other countries is 
marked by increased cost and reduced pro
duction. This is especially true in lands around 
the Mediterranean Sea where the European 
and Mediterranean Plant Protection Organiza
tion has set up a committee to study the fly 
and its control. Last meeting of this body was 
held in September of this year at Bonn, Ger
many. Since no eradication program has been 
devised in that part of the world, the emphasis 
was on fumigation and physical controls. 

Germany, incidentally, is vitally interested 
in the fly, since the pest has been prevalent 
there since 1954. The Medfly was first dis
covered there in 1936, but did not appear in 
damaging proportions until last year. Imported 
fruit is believed to be the cause for the in-
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festations, since the winters in Germany are 
considered severe enough to eliminate • local 
incidences of the fly. Nevertheless, the peach 
crop in Germany has been infested in particu
lar cases to 100 percent, enough to affect the 
national economy. Apricots, apples, pears, and 
tomatoes also have been infested in that coun
try. 

Peaches grown in Egypt also have been 100 
percent infested when no control is applied; 
certain parts of Brazil no longer export citrus, 
and Spain ships only early varieties of citrus 
which must be marketed before ripening prop
erly. 

Reports of this kind emphasize the fact that 
the Medfly must be eradicated from Florida. 

Although the program is many months away 
from that successful conclusion, there is every 
reason to believe that eradication will be ac
complished within the space of one year. The 
program is being financed by state and federal 
governments, with each appropriating an 
equal half of the over-all eradication fund of 
$10,000,000. That is a small figure on the 
basis of the present day dollar value when 
compared with the cost of the first fight. 

The cooperation of personnel of the Florida 
Department of Agriculture, State Experiment 
Stations, other civilian and military govern
mental agencies and the general public has 
been of inestimable value to the eradication 
program. 

AWARD OF HONORARY MEMBERSHIPS 

LLOYD STANLEY TENNY 

Lloyd Stanley Tenny was born near Hilton, 
N.Y. eighty years ago this month and was 
reared on a farm. He received his A.B. Degree 
from the University of Rochester in 1902, 
served as Assistant Pathologist with the U. S. 
Department of Agriculture from 1902 to 1904, 
as Assistant Pomologist 1904 to 1907 and as 
Pomologist for the U.S.D.A. until 1908 when 
he returned to Cornell for further study. From 
1911 to 1913 Mr. Tenny was with Cornell's 
Agricultural Extension Department, being ad
vanced to Professor of Extension. He was the 
first state leader of county Agricultural Agents 
in New York and helped organize the first 
Farm Bureaus. 

Mr. Tenny was Secretary-Manager of the 
Florida Growers & Shippers League from 1913 
to 1916, Secretary of Florida East Coast As
sociates 1916-17, and Secretary-Treasurer of 
the Coral Reef Nurseries from 1917 to 1918. 

Mr. Tenny was Vice President of the East
ern Fruit and Produce Exchange of Rochester, 
N. Y., and of the North American Fruit Ex
change of New York City and president of 
the Southern States Produce Distributors from 
1918 to 1921. The Bureau of Agricultural 
Economics called him as Assistant Chief 1921 
to 1926 and as Chief in 1928. He was Vice 
President of the California Vineyardists As
sociation in 1928-29; President of the Federal 
Fruit Stabilization Corporation of California 

1929-30; and General Manager of the Chicago 
Mercantile Exchange from 1929 to 1943 when 
he retired. He is now living in Henderson
ville, North Carolina. 

Few men have so profoundly influenced 
Florida Agriculture in five short years as did 
Mr. Tenny. He was one of the BIG FIVE 
( consisting of P. H. Rolfs, H. Harold Hume, 
W., J. Krome, Wilmon Newell and Lloyd S. 
Tenny) who played a tremendous part in 
Florida Horticulture. Mr. L. B. Skinner (for 
years President of this Society) brought Mr. 
Tenny to Florida to organize the Grower's and 
Shipper's League in 1913. Soon thereafter Dr. 
E. W. Berger took to his office samples of 
Citrus Canker because Mr. Tenny had been a 
Pathologist. Mr. Tenny recognized it as a very 
serious threat and "sold" the Florida authori
ties on the idea that eradication would be 
cheaper in the long run than control. How 
right he turned out to be!!! 

Soon, the eradication of Citrus Canker was 
made the number one objective of the Grow
er's and Shipper's League because Florida had 
no department in its government which could 
undertake it, no funds and no law. Just 
imagine!!! Mr. Tenny threw himself into the 
fight with all of his tremendous energy, skill, 
knowledge and resourcefulness. He whipped 
together an organization, raised the finances 
and together with others of the BIG FIVE 
drew up and secured the passage of the 
"FLORIDA PLANT ACT OF 1915." Having 
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secured the law that was necessary, he helped 
the others select the "PLANT COMMISSION
ER" Dr. Wilmon Newell; the "State Nursery 
Inspector" and the "Port Inspection Depart
ment," which in cooperation with the U.S.D.A. 
was responsible for the inspection of all plants 
entering the State from foreign countries. 

Having helped make the Plant Board a go
ing concern, Mr. Tenny turned his attention 
to the task for which he had been brought to 
Florida, that of getting better rail rate sched
ules for Florida growers and shippers. 

It is not too much to say that but for the 
timely arrival of Mr. Tenny the Florida citrus 
industry might very easily have been wiped 
out by Citrus Canker. Like all other members 
of the BIG FIVE, Mr. Tenny was a giant. 
The Florida State Horticultural Society takes 
pleasure in making Mr. Lloyd Stanley Tenny 
an Honorary Member and regrets that the 
state of his he~lth requires that .it be in ab
sentia. 

ARTHUR FORREST CAMP 

Dr. Arthur Forrest Camp came to Florida 
from California in 1923, and during the en
suing thirty-three years has compiled a record 
of service to horticulture equalled by few-
surpassed by none. . 

He graduated from the University of Cali
fornia with honors in 1920; and was awarded 
his Doctor's Degree in 1923 by Washington 
University, St. Louis, Missouri, and immedi
ately staited on a career that was to be de
voted not only to horticultural advancement 
in Florida but to advancement on an interna
tional scale. 

From 1923 to 1929 Dr. Camp served in 
several important research positions with the 
Florida Experiment Station at Gainesville, and 
in 1929 was made Horticulturist In Charge, 
Department of Horticulture. This same year 
he was made an agent of the U.S.D.A., and 
played an outstanding part in the eradica
tion of the Mediterranean fruit fly. In 1930 he 
returned to the Experiment Station and served 
as head of the Horticulture Department until 
1936 when he became Horticulturist In Charge, 
Citrus Experiment Station. Since 1944 Dr. 
Camp has served as Vice-Director, Agriculture 
Experiment Stations, in charge of the Citrus 
Experiment Station. He personally carried on 
research until 1944, and under his guidance 

the Citrus Experiment Station has grown in 
both size and stature until it now occupies 
and enjoys an outstanding position in the field 
of horticultural research. 

Dr. Camp has over one-hundred publications 
on citrus and other tropical and sub-tropical 
crops. Some of these publications, especially 
those dealing with the fertilization and nutri
tion of citrus have been and are being used 
as guideposts in production management. His 
development of a coordinated system of spray
ing and fertilizing citrus is in a large measure 
responsible for the tremendous per-acre pro
duction citrus growers now enjoy as com
pared to the 1930s. The development of such 
a program has been worth untold millions to 
the citrus industry, as it has enabled growers 
to maintain a rather uniform per-box cost over 
the last twenty-five years while per-acre costs 
have gone steadily upward. 

As an agent of the Florida Citrus Commis
sion, Florida Citrus Mutual and the Florida 
State Plant Board, Dr. Camp has been called 
upon for fact-finding trips to South and Cen
tral American countries, Spain, Japan, Cali
fornia, and Texas. His reports following these 
trips enabled the various agencies to formulate 
plans to protect and promote citrus in Florida. 
He is considered the citrus industry's outstand
ing. spokesman on technical subjects, and has 
been called on many times to state the indus
try's case before legislative committees of both 
the State and Federal governments. 

Dr. Camp has done consulting work on 
Citrus production, marketing and processing 
in many foreign countries for governments, 
companies, cooperatives, and individuals -
including Cuba, Jamaica, Haiti, Honduras, 
Nicaragua, Costa Rica, Guatemala, Argentina, 
Brazil, Paraguay, Peru, Surinam, Bermuda, 
Mexico, Sweden, Spain, and Japan, He was 
made an Honorary Citizen of Argentina in 
recognition of assistance given the citrus in
dustry in that country. 

Dr. Camp was instrumental in setting up 
and carrying out research into the tristeza 
problem, a new disease that posed a threat 
to Florida citrus and one that decimated many 
groves in South America . Thanks to this work 
tristeza no longer poses the threat that it once 
did. 

Dr. Camp is an honorary member of the 
Kiwanis Club and Gamma Sigma Epsilon, 
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and a member of the Florida State Horticul
tural Society, American Society for Horticul
tural Science, American Association for the 
Advancement of Science. He is in American 
Men of Science, Who Knows-and What and 
Who's Who in American Education. He is a 
grove owner, and the president of the Haines 
City Citrus Growers Association. 

It is with tremendous pleasure that the 
Florida State Horticultural Society recognizes 
the great service that Dr. Camp has rendered 
to the horticulture of the State of Florida and 
other countries and his leadership in the field 
of citrus research that has been largely re
sponsible for the enviable position the Florida 
Citrus Industry holds today. 

HAROLD G. CLAYTON 

It is a great privilege to present to the 
membership of this Society a distinguished na
tive Floridian who has, by unanimous vote 
of the Executive Committee, been designated 
to receive an Honorary Membership in the 
Society. • 

Harold G. Clayton was born February 27, 
1892, at Ocala, Fla. He grew up and attended 
public schools in Tampa; received B.S. Degree 
in agriculture from University of Florida in 
1914; received M.S.A. Degree from same in
stitution in 191.6. After a brief period of farm 
work he was made County Agent in Manatee 
County, in March 1917. He entered military 
service in World War I on May 15, 1918 and 
served until December 6, 1918. Early in 1919 
he returned to county agent work and in 
October 1919 he was made District Agent 
with the Agricultural Extension Service at 
Gainesville. He continued as District Agent 
until November 1934, at which time he was 
asked by the Director of the Extension Service 
to assume administrative direction of the 
Agricultural" Adjustment Administration, later 
the Production and Marketing Administration, 
and now Agricultural Stabilization and Con
servation Committee. He served in this· posi
tion until July 1, 1947. During this period he 
continued to hold a cooperative appointment 
with Extension Service. On July 1, 1947 he 
was made Director of the Florida Agricultural 
Extension Service, the position he held until 
May 31, 1956 when he retired. 

H. G. Clayton married the former Miss 
Harriet Ray, of Tampa. The Claytons have 

one child, Peggy, who is now Mrs. Peggy 
Clayton May, and two grandchildren. 

As Secretary to the State Agricultural Ad
justment Administration Committee, a mem
ber of the State Defense Council, Chairman 
of the State USDA War Board during World 
War II, he rendered outstanding service to 
Florida agriculture by arranging for the pro
curement and proper distribution of vital 
agricultural supplies and by stimulating farm 
people to extraordinary effort in war crop 
production, in buying U.S. War Bonds, in 
salvage drives, and in other activities con
nected with the war effort. 

Through his knowledge of Florida agricul
ture, his careful study and understanding of 
the functions of all agencies concerned with 
agriculture, and his persistent efforts to work 
in close harmony with all agencies and groups, 
he has been instrumental in bringing about 
effective working relationships between these 
agencies and groups for the maximum service 
to Florida agriculture and the solution of 
major agricultural problems. 

While serving as district agent, he was ac
tive in promoting 4-H Club work and in co
operation with the state 4-H Club agents he 
helped to start the state's 4-H camping sys
tem, which today is outstanding in the Nation. 

From 1947 he served as Administrator to 
the State Soil Conservation Board. He was 
appointed to this position by two different 
boards since the State Soil Conservation 
Board was completely reorganized by the 1953 
Legislature. 

He served as Chairman of the State Seed 
Certification Advisory Committee. 

He was a member of the Farmers Home 
Administration State Advisory Committee, 

He was a member of the State Agricultural 
Stabilization and Conservation Committee, 

He collaborated with Florida Forest Serv
ice and Soil Conservation Service in a weather 
modification evaluation study. 

During his service as Director of the Flori
da Agricultural Extension Service the number 
of county agents increased from 61 to 66. 
(Florida has one county which is not classi
fied as an agricultural county.) The number 
of assistant county agents has increased from 
18 to 54; the number of home .demonstration 
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agents from 41 to 52, and the number of as
sistant home demonstration agents from 9 to 
22. The total staff of specialists has been in
creased from 14 to 33. Mr. Clayton's wide 
knowledge of and service to horticulture in 
Florida is reflected again by the fact that this 
increase in . specialists' services covers every 
phase of horticulture in our state. 

Mr. Clayton has for many years been a 
faithful member of this Society and a regular 
attendant and keen observer at its meetings; 
learning the needs, problems, views, of people 
actually engaged in various horticultural enter
prises; using his knowledge and his ability to 
strengthen and direct the Agricultural Exten
sion Service for the common good. 

Always modest-never once grasping for 
spotlight or for front page-devoted to Florida, 
her horticulture, her agriculture, her farm 
youth-never asking for anything for himself 
other than an opportunity to serve others -
always trying to see the other fellow's point of 
view. A person whose soundness of judgment 
has been recognized by those at the highest 
levels in our state government and institutions. 
A man who has by both precept and example 
rendered outstanding service to this Society 
and to Florida horticulture. Always a gentle
man-a person of highest character-who· has 
in every way measured fully to the highest 
standards of honorary membership· in this dis
tinguished Society. 
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INJURY AND LOSS OF CITRUS TREES DUE 
TO TRISTEZA DISEASE IN AN 

ORANGECOUNTYGROV~ 

MORTIMER COHEN 

State Plant Board 

Gainesville 

Suon after the discovery of tristeza in 
Florida, it became apparent that careful study 
over an extended period of time would be 
necessary to assess accurately the amount of 
damage done by this disease and to make 
predictions regarding future losses. In July 
1952, therefore, a large grove near Winter 
Garden in which many trees with tristeza had 
been found, was mapped tree-by-tree, by a 
group of Plant Board inspectors. 

In the mapping, trees were rated on the 
following scale: 

0-Healthy 
1 -Slight decline 
2 -Moderate decline 
3 -Severe decline 
X-Dead or missing 
R-Replant tree 

Infected trees in this grove are of mature 
size and are not stunted. The large size of 
the trees and the observable spread of disease 
in the planting are taken to indicate that the 
disease was brought in by natural means, 
probably by aphids, rather than through in
fected budwood. This is in contrast to the 
situation in other parts of the state where 
the majority of infected trees apparently had 
tristeza virus introduced with the original 
bud. 

1/The Information reported in this paper Is not due 
to the efforts of a s ingle individual but is the result 
of the cooperative work of many individuals now or 
formerly on the Plant Board sta ff . Among the people 
whose efforts have materially aided in the collection 
and assembly of the data presented in the paper are : 
J. N . Busby, K. E. Bragdon, A. C. Crews, L. W . 
Holley, Dr. L. C. Knorr, Mrs. Enid Matherly, John 
Perry, C. R. Roberts, Mrs. Jean Smith, Howard Van 
Pelt. 

This grove has been mapped twice a year 
since July 1952, the last mapping having 
been completed in July 1956. The entire 
area included in the study is shown in Figure 
1, which also provides a graphic comparison 
between the condition of the grove in July 
1952 and in July 1956. The entire grove area 
consists of about 80 acres. Approximately 20 
acres, planted entirely to Temple oranges on 
sour orange stock, are not included in our 
statistical summary because many trees in 
that portion of the grove showed signs of de
cline from water damage in 1954 and it was 
desired to restrict the study, as much as 
possible, to the effect of tristeza only. The 
remaining 60 acres consists of 4169 trees, of 
which 88 per cent are Temples on sour 
orange rootstock, mainly 26 to 30 years old. 
Also in the grove are 297 Valencia trees on 
sour orange stock, about 200 trees on grape
fruit stock, and a small number for which the 
rootstock is undetermined. Properties owned 
by 4 different individuals are included in this 
60 acre block. It should be stressed that this 
is not a neglected planting but that normal 
practices of cultivation and fertilization are 
being followed. 

Figure 1 shows only trees rated 2, 3, X or 
R, that is, trees in definite decline, missing or 
replanted. Trees rated 1, those in slight de
cline, are not included, because slight symp
toms are sometimes due to transient causes 
and not to tristeza. This map contrasts trees 
affected in July 1952 (shown as O's) with 
the large number of additional trees affected 
by July 1956 (shown as X's). The many 
trees which went into serious decline in the 
4-year interval between the 2 mappings can 
be clearly seen. All portions of the grove 
were not affected equally. Some of the older 
areas planted with Temple orange on sour 
orange stock were the most severely affected 
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hut the eastern portion of the area studied 
was not as badly affected as the middle por
tion. Trees in the Valencia _orange block, 
which is thoroughly infected with psorosis as 
well as tristeza, were not as severely injured, 
on the average, as trees in the Temple blocks. 
The western-most planting consists of Temple 
trees which are approximately 8 years old. A 
relatively low proportion of these trees 
showed symptoms of decline. 
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Most striking is the relative absence of 
disease in all trees on grapefruit rootstock. 
These are located in some of the rows direct
ly south of the Valencia block. This situation 
is discussed below. 
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:o The increase in the number of trees in de
cline from 1952 to 1956 did not come about 
abruptly, but was the result of a steady trend, 
as is shown diagrammatically in Figure 2 
where the number of trees in classes 2, 3, X 
and R at each mapping is indicated by a 
line graph. Trees in class 1, those in slight 
decline, are not included in this graph. The 
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TABLE 1 

DISEASED, MISSING, AND REPLANT TREES IN AN 

ORANGE GROVE NEAR WINTER GARDEN 

NUMBER OF TREES 

CLASS OF DECLINE PERCENTAGE 
DEAD OR TOTAL OF ALL 

DATE SLIGHT MODERATE SEVERE MISSING REPLANTS AFFECTED TREES 

July 1952 285_ 186 22 19 107 619 14.8% 

Dec. 1952 360 173 160 27 100 820 19.6 

July 1953 241 201 267 30 135 874 .20.9 

Feb. 1954 452 264 235 37 137 1125 26.9 

Aug. 1954 444 298 220 137 213 1312 31.4 

Mar. 195~ 1540 307 66 7 346 2266 54.3 

Aug. 1955 393 209 227 127 365 1321 :n.6 

Jan. 1956 433 196 251 175 327 1382 33.1 

July 1956 .385 158 220 269 479 1511 36.3 
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total number of trees in classes 2, 3, X and R 
increased from 334 in July 1952 to 1126 .in 
July 1956. Thus 27 per cent of all trees in 
the grove were in definite decline or missing, 
dead, or replanted by July 1956. If this rate 
of increase of diseased trees continues for the 
next 4 years, July 1960 will see 46 per cent 
of all trees in the grove in this category of 
seriously affected trees. 

It is interesting also to compare the num
ber of trees in all classes during the succes
sive mappings from 1952 to 1956 as shown 
in table I. The major increase in "total trees 
affected" during this period is in replant 
trees -and trees dead or missing, but the num
ber of trees in intermediate stages of decline 
has also remained at a higher level than was 
observed during the first two mappings. In 
March 1955, a three-and-one-half-fold in
crease over the previous reading in the num
ber of trees in slight decline was recorded. 
The count occurred after a relatively dry win
ter. The transient nature of this apparent de
cline is indicated by the fact that most of 
these trees were again rated as healthy in 
the subsequent 3 mappings. If one projects 
the data in Table 1 to July 1960, and in
cludes also trees showing slight symptoms of 
decline, it will be found that 57.8 per cent 
of all trees in this grove will have been af
fected by the end of 4 more years, provided 
the present rate of increase in the number of 
trees in decline continues. 

What is the evidence that these trees are 
suffering from tristeza disease? Numerous 
trees have been examined for the presence of 
honeycombing-that pattern of tiny holes in 
the bark below the bud union which has 
proven to be quite reliable in Florida as a 
field test for the presence of advanced tris
teza in trees on sour orange rootstock. A 
high proportion of the trees examined have 
shown this symptom. 

A more specific method for determining if 
plants are suffering from tristeza disease is 
the histological examination of the bark from 
the bud union of suspect trees as described 
by Schneider ( 1). Bark samples collected at 
random from 33 trees in decline in the grove 
were examined using this method. Of the 33 
trees examined, 30 were found to be positive 
for tristeza. Six of the histologically tristeza
positive trees were indexed on key lime 
seedlings, and all 6 were found, by the trans-

mission test also, to be carrying the tristeza 
virus. • 

It is interesting to contrast the results of 
these histological tests with similar tests made 
on trees in the 20-acre area previously men
tioned as having been excluded from the 
study because its trees had suffered from 
water damage. Bark samples from 11 trees 
in decline in the water-damage area were 
examined and IO of these were found to be 
negative for tristeza. 
. It is quite clear, therefore, that, in the 60 

acres under study, tristeza was the major 
cause of decline. On the basis of this evi
dence it can be estimated that upwards of 
90 percent of the diseased trees studied were 
injured by tristeza disease. 

When trees in this grove once begin to 
deteriorate, they do not recover, but con
tinue to decline and eventually die. This can 
be seen by observing the fate of trees found 
in decline when the grove was first mapped 
in July 1952. Figure 3 summarizes the in
formation on all the trees rated as being in 
slight, moderate, or severe decline in July 
1952. Of a total of 483 trees in all categories 
in 1952, · 294 were dead, missing or replanted 
by July 1956, and 396 trees or 82 . percent 
were more seriously in decline than in 1952. 

As might have been expected, more of the 
trees at first judged to be in slight decline 
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proved to have been affected by a temporary 
condition, and a higher proportion of these 
trees showed recovery. If the 203 trees which 
were found to be in moderate or severe de
cline are considered alone, it is seen that 189 
trees or 93 percent were more seriously in 
decline in 1956 than· in 1952. 

The fact that trees in decline generally do 
n·ot improve but continue to decline further 
is an additional indication that tristeza is 
re:1ponsible for the condition of the grove. It 
is enlightening, in this connection, to com
pare the fate of trees in that area of, the 
grove which was affected by water damage 
with trees from an area in which tristeza was 
the prime disease factor. In a portion of the 
water damage area in August 1954, 274 
trees were rated as showing some degree of 
decline. Two years later only 22 percent of 
these trees showed any deterioration; some 
of these, no doubt, were suffering from triste
za. On the other hand, in a comparable area 
in another part of the grove where no water 
damage had been noted and where 180 trees 
were in decline in August 1954, 52 percent 
of the trees had deteriorated by July 1956. 

When tristeza was first found in Florida, 
most pathologists expected to see a repetition 
of the damage done in South America. One 
of the warnings issued by pathologists was 
to avoid planting citrus on grapefruit root
stock because it, like sour orange rootstock, 
had been found in South America to make 
a combination non-tolerant to tristeza. After 
extensive examination of Florida citrus groves, 
however, State Plant Board inspectors have 
not been able to find any trees on grape
fruit rootstock which were in decline be
cause of tristeza infection. \Vhen the grove in 
this study was examined, it was found that 
the bud union on about 200 trees had a con
figuration which indicated that the rootstock 
was grapefruit rather than sour orange. 
These trees have been watched since 1952 
and it is of interest to examine Figure 4 
which is a map of the portion of the grove 
containing the trees on grapefruit rootstock. 
Figure 4 shows both the rootstock and tree 
condition in August 1955. Trees on grape
fruit rootstock are mixed in with trees on sour 
orange rootstock thus· providing an excellent 
comparison of the behavior of trees on these 
two rootstocks under identical environmental 
conditions. Even a casual examination of 
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Figure 4 will reveal that very few of the trees 
on grapefruit rootstock are in decline while 
a very high proportion of the adjoining trees 
on sour orange rootstock are diseased. Bark 
samples were taken from 9 of the grapefruit 
trees which did show some sign of decline, 
and were examined microscopically. None of 
the specimens was found to have histological 
indications of tristeza. 

These observations do not prove that citrus 
trees on grapefruit rootstock cannot be in
jured by tristeza in Florida, since these trees 
may eventually show tristeza injury, but it is 
very apparent that grapefruit cannot be con
sidered to be in the same class as sour orange 
insofar as susceptibility to tristeza in Florida 
is concerned. 

On(; of the purposes for undertaking the 
study of the grove near Winter Garden was 
to explore the possibilities for predicting fu
ture outbreaks of tristeza in Florida. To 
carry out this aim, two small plots containing 
58 trees in all were set up for special study of 
trees on sour orange rootstock. Trees in one 
plot had Valencia orange tops, and Temple 
orange tops were used in the second plot. 
Bark samples have been taken periodically 
from trees in these plots and prepared for 
microscopic examination. In the course of this 
study, 6 previously healthy trees in these 
plots have developed histological symptoms 
of tristeza. These histological symptoms were 
evident from six months to 2 years before 
there was any visual indication in the field 
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that these trees were diseased. This confirms 
the observations made by Schneider ( 1) on 
trees with quick decline disease in California. 
Thus, a toor actually is available for short
time prediction of future deterioration of 
citrus trees from tristeza disease. 

Since it is obvious that histological symp
toms of tristeza must be preceded by en
trance of the virus into a tree, a number of 
healthy-appearing trees were indexed on key 
lime seedlings to determine if any of them 
were carrying the virus of tristeza. In this 
way it was hoped the interval between the 
introduction of the virus and the first ap
pearance of histological symptoms could also 
be approximated. This phase of the work has 
produced most surprising results. So far, 21 
trees in this grove which are histologically 
normal have been checked by transmission 
test for the presence of tristeza. Of these, 15 
trees or 71 percent have been found to be 
positive for tristeza. Furthermore, 4 out of 5 
trees on grapefruit rootstock which were 
similarly indexed proved to be carrying tris
teza virus although, as previously mentioned, 
there is no indication, in Florida, that trees 
on grapefruit rootstock are injured by this 
disease. If the foregoing sampling of the 
trees in this grove can be considered repre
sentative it must be concluded that about 
three quarters of the healthy-appearing trees 
in this grove are carrying the virus of tristeza. 

The most surprising aspect of this project is 
that only one of the trees tested has so far 
shown histological signs of tristeza disease, 
although a few of these trees are known bv 
indexing to have been carrying the virus f~r 
almost 3 years, and most of the trees are 
known to have been infected for almost 2 
years. It should be mentioned that similar 
virus-carrying susceptible trees, which appear 
healthy and do not show histological signs of 

tristeza,' have been found elsewhere in 
Orange county, and a few have been found 
in other counties in the state ( 2). The signi
ficance of this finding is not fully under
stood. It may be that the virus has an ex
tremely long incubation period before it be
gins to affect the phloem of the host tree. 
(Phloem breakdown is one of the earliest fea
tures of the histological picture of a tree in 
decline with tristeza disease). Another citrus 
virus disease with an incubation period of 
many years is already known-psorosis disease 
-but it has not been suggested previously 
that 'this might also be the case with tristeza. 
A second possibility is that an additional fac
tor as yet unknown, in addition to the virus 
indexed, must be present before the disease 
can begin to run its course. In any case, this 
matter is being studied actively, and con
tinued observation of these trees certainly 
should throw more light upon the problem. 

The above considerations should not ob
scure the central fact that tristeza disease in 
Florida has caused serious losses to citrus. 
Although this paper describes conditions in 
a single grove only, many other groves in 
Orange county and elsewhere have been 
damaged · by tristeza. At present, many of the 
factors involved in producing an outbreak of 
this disease are not understood and cannot be 
predicted. Growers who plant groves on sour 
orange rootstock, the only rootstock used in 
Florida on which trees are definitely not 
tolerant to tristeza, are risking the life of their 
planting. Is it -wise, therefore, to continue the 
use of this dangerous rootstock where other 
rootstocks can do the job safely? 
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EFFECT OF PHOSPHATE FERTILIZATION ON 
ROOT GROWTH, SOIL pH, AND CHEMICAL 
CONSTITUENTS AT DIFFERENT DEPTHS 
IN AN ACID SANDY FLORIDA CITRUS SOIL1 

PAUL F. SMITH 
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In recent years, certain studies ( 4, 10) 
have been made to explore the i:elation be
tween fertilization practices and root devel
opment of citrus in the sandy soils of Florida. 
Those reports were concerned primarily with 
the effect of nitrogen sources and rates a~d 
methods of timing on the density of roots ~n 
the top 5 feet of soil, where the. changes m 
chemical composition were relatively small. 
With adequate liming, nitrogen appears to 
have little or no permanent effect on soil 
composition ( 10) . 

The present studies involved deep_ sampli~g 
in a long-term phosphate expenment m 
which there has been a large permanent 
change in the phosphorus status of the soil 
because of the accumulation of applied phos
phate. Previous reports . ( 7, 8) describin_g the 
results from this expenment for the first 6 
vears, failed to show any beneficial response 
in tree growth, yield, or fruit quality to ap
plied phosphate. No additional data on these 
factors are presented here, but the results 
through the 13th year are still essentially the 
same. The present report is concerned with 
the density of small roots, soil pH, and cer
tain chemical constituents in the soil in rela
tion to the rate of phosphate fertilization. 

EXPERIMENTAL METHODS 

Pineapple orange trees on Rougl~ lemon 
stock were planted on a virgin plot of ground 
in a random block experiment in 1942 and 
certain plots have never received any phos-

1/This study wns made possible by the ge!'ero'!s 
cooperation of Loren H. Ward of Orlando, Flonda, m 
whose grove the experiment lies. The technic~l a~
sistance of G. K. Scudder. Jr.. and G. Hrnc1ar 1s 
gratefully acknowledged. 

phate. The soil is a transitional type between 
Lakeland and Eustis fine sands, previously 
identified as Lakeland (7, 8). The plan fol
lowed is to apply 0, 1, 3, and 8 units of 
P20.,, respectively, to different plots for each 
4 units of nitrogen used. There are six 12-
tree plots for each phosphate level. The P.0, 
comes from 20 percent superphosphate, and 
compensatory amounts of gypsum are given 
so that all plots receive the amount of CaSO, 
carried by the highest level of superphosphate. 
The highest rate of P20, was the usual com
mercial rate at the time the experiment was 
started, but current recommendations ( 6) call 
for a drastic reduction. The experimental rates 
of P,0, described above will be referred to as 
none, low, medium, and high in discussing 
treatments. 

All trees have regularly received 3 applica~ 
tions a year of a mixed fertilizer containing 
little or no organic material and no super
phosphate. The current mixture is 10-0-10-3 
(Mg0) - 0.5 (Mn0)-0.5 (Zn0)-0.1 (B,0a) ap
plied at the rate of 24 lb. per tree per year. 
Copper also was included for the first 10 years 
but omitted since. Zinc was applied in spray 
form only once and that was in the spring of 
1954. For the first 9 years the appropriate 
quantities of superphosphate and gypsum 
were also applied 3 times a year and to the 
same area as covered by the mixed fertilizer. 
From the 10th year on, these materials have 
been applied all in one spring application. No 
attempt has been made to compensate for the 
calcium carried as the phosphate salts, but a 
relatively high rate of dolomitic limestone has 
been regularly applied to all plots. 

In July 1955 eight 2-inch cores of soil were 
taken from each plot. The most uniform trees 
were selected, and in most cases only one 
core was taken per tree. The cores we~e t3:ken 
at the tree-drip line and to a depth of 5 feet: 
The samples were taken by depths of 0-6 in., 
6-12 in., 12-24 in., 24-42 in., and 42-60 in. 
The 8 cores of soil for the respective depths 
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Fig. lwG. Root growth and various soil factors found at different depths (in inches) in an experimental 
Pineapple orange grove on acid, sandy soil after 13 years of differential fertilization with superphosphate, 
The symbols O L M H represent zero, low, medium,and high rates of application. Fig. 1 (upper Ielt)
total soil phosphorus; Fig. 2 (upper right) concentrations of small "feeder'' roots found; Fig. 3 (center 
left) soil pH; Fig. 4 (center right) exchangeable potassium; Fig. 5 (lower left) total copper; Fig. 6 
(lower right) total manganese. The L.S.D. bars indicate the required difference for significance at the 
5% level between any two treatments or depths. 
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were composited, screened to remove the 
fibrous "feeder" roots, and thoroughly mixed 
by rolling on a canvas cloth, and portions were 
saved for laboratory analyses. Rootlets smaller 
than about 1/16 inch in diameter were sorted 
out, dried, and weighed. In addition to pH, 
total amounts of P, Cu, Mn, and Zn were de
termined on certain soil samples after total 
digestion in sulfuric-nitric acid mixtures. Ex
changeable K, Ca, and Mg were determined 
by neutral ammonium acetate extraction. 

RESULTS AND D1scuss10N 

Phosphorus status of soil-The values found 
for total P are shown in Fig. 1. The data are 
very consistent and show that while most of 
the applied P is held in the top foot of soil, 
there is a gradual accumulation throughout 
the top 5 feet. This is in agreement with the 
findings of Spencer ( 11) that superphosphate 
gradually distributes itself through the top 
few feet of soil. Actually, more total P was 
found than was applied to the plots receiving 
superphosphate for 13 years. This is doubt
lessly due primarily to the fact that the low
hanging foliage interferes somewhat with the 
machine spreading of the superphosphate, and 
there would be a zone of relatively high P 
just outside the foliage line due to the deflec
tion of particles. Sampling in this area showed 
an increase of 1900 lb. of P per acre through 
the 5-ft. column, whereas only about 1250 lb. 
of P had been applied. Thus, the sampling 
method may also exaggerate the other effects 
associated with differential phosphate fertili
zation. It is felt, however, that the trends 
would be indicative of the nature of the re
sponses even though the magnitudes might 
differ somewhat from those shown. 

Density of feeder roots-The distribution of 
feeder roots is shown in Fig. 2. The data are 
presented as the weight of roots found in a 
square foot of soil 6 inches deep taken from 
each depth zone. The total dry weights of 
feeder roots expressed as grams of. roots per 
square foot column 5-ft. deep are as follows: 
No phosphate 23.8; low phosphate 21.4; 
medium phosphate 21.3; and high phosphate 
16.3. It is of interest that Ford ( 3) also found 
16.3 as an average weight of roots in com
mercial groves of this age category. These 
soils too, would have been high in phosphate 

because the groves were grown before the 
general drop in applied phosphate in com
mercial groves. 

While the data in Fig. 2 are Jess consistent 
than those for the concentration of P in Fig. 1, 
they clearly indicate that high-phosphate 
fertilization somehow causes a sharp reduc
tion in the quantity of feeder roots in the top 
12 inches of soil. In the 6 to 12-inch zone all 
3 levels of applied phosphate significantly re
duced root growth. It is probable that the 
effect on root growth is somewhat exaggerated 
in the area sampled because of the uneven dis
tribution of applied phosphate. Even so, it is 
difficult to avoid the conclusion that applied 
phosphate has had no beneficial effect on root 
growth in this experimental grove. The de
pression of root growth below 12 inches is not 
statistically significant, but the trend is still 
present to the 42-inch depth. Even to the 60-
inch depth there is no suggestion of increased 
root growth as a compensation for the reduc
tion in growth at the shallower depths. 

Since tree size, appearance, and yield 
records do not yet reflect the density of roots 
as measured here, it remains to be seen 
whether such a reduction is a definite handi
cap to the tree. No explanation is offered as 
to why superphosphate depresses root 
growth, but the effect is somewhat similar to 
that found with a high rate of ammonium ni
trate (4). 

Soil pH-Increased acidity at all soil depths 
was associated with the use of superphosphate. 
Fig. 3 shows the pH values found at differ
ent depths in relation to treatment. In the 
two upper sampling depths there is a grad
uation in pH values corresponding to treat
ment. At the 3 lower depths, there was little 
or no difference among the pH values for the 
3 rates of superphosphate, but those for the 
plots that received none were appreciably 
higher. 

Superphosphate is not a simple material as 
it contains a mixture of phosphatic salts, gyp
sum, iron and aluminum oxides, silica, and 
trace quantities of several other substances. 
It is mildly acidic and gives a pH reading of 
about 3 when mixed with water. The acid
ulating effect of superphosphate on most soils 
is of little or no practical significance be
cause of the buffering action of the soil. How
ever, with very sandy soils of low exchange 
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capacity and high rates of application, addi
tional liming apparently is required to offset 
the acidifying effect of superphosphate. 

The effect of superphosphate in lowering 
pH is particularly evident in the top 12 inches 
of the soil and corresponds to the area of maxi
mal phosphate accumulation and maximal de
pression in root growth. Yet it appears doubt
ful that there is a simple cause and effect re
lation between pH and root growth. Previous 
studies ( 10) in which the pH was varied in 
this same general range, but without super
phosphate as a variable, showed no depres
sion in root growth due to lowered pH. Like
wise, studies with different levels of phosphate 
in solution cultures did not show any adverse 
effect of high phosphate on root growth ( 2) . 
Thus, while it is not yet established what 
causes the depression in root growth, it is ap
parent that superphosphate does not have a 
beneficial effect on soil reaction. 

Effect of phosphate level on exchange K, 
Mg, and Ca-There was practically no effect 
of phosphate treatment on the extractable 
quantities of the three base elements (K, Mg 
and Ca). The only difference of consequence 
was the tendency for more K to be retained 
in the upper depths where the greatest amount 
of phosphate had accumulated in the soil 
( Fig. 4). Mg values were virtually identical 
at all depths in all treatments and the respec
tive total pounds per acre in 5 ft. of soil were 
no phosphate 340; low phosphate 321; me
dium phosphate 349; and high phosphate 330. 
Ca showed a slight, but irregular and non
significant, increase _with values of 1176, 1090, 
1307, and 1290 lb. per acre for the same 
respective treatments. This Ca trend was not 
accentuated in the upper soil depths where 
the phosphate accumulation was the greatest. 

Effect of phosphate level on the total 
amounts of Ctt, Zn, and Mn-There was no 
significant effect of phosphate level on the 
total amounts of any of these metals found in 
the soil. The concentrations of Cu and Mn are 
shown in Fig. 5 and 6. Zn showed a mean 
value of 19 p.p.m. in the top soil and about 8 
p.p.m. in all lower depths regardless of treat
ment. These re~ults are in harmony with the 
results found in a topsoil sampling 5 years pre
viously ( 8). Both Zn and Mn show increases 
as a result of continued use of these elements 

in the fertilizer. No Cu was applied during 
the interval, and Cu status of the soil is vir
tually unchanged. 

GENERAL D1scuss10N 

Several studies (1, 5, 7, 8, 11, 12) have 
shown that phosphate accumulates in Florida 
citrus groves. Removal of this element by the 
citrus crop is not large, being about 0.5 lb. of 
P per ton of fruit (9). Application of super
phosphate does not markedly increase the ab
sorption of phosphorus by the tree in ordin
ary acid, sandy Florida grove soil (7). The 
evidence thus far fails to show any beneficial 
effect of applied phosphate on citrus in this 
State except in a few cases, such as on muck 
soil or very light sands where the content of 
native phosphate is very low. 

Wander (12), studying soil factors in re
lation to presence or absence of liming, noted 
that a phosphate differential existed in the 
topsoil and concluded that the greater reten
tion of Mg and Mn in the limed plots was due 
to the absorptive capacity of the accumulated 
calcium phosphate, The present results, in ad
dition to previously published data ( 8), fail 
to show any relation between large phosphate 
accumulations and the retention of Ca, Mg, 
Mn, Cu, or Zn. Thus, it appears possible that 
the effect noted by Wander was not attribu
table to phosphate but to pH. Liming probably 
retarded the losses of phosphate, Mg and Mn 
for the same reason rather than through the 
indirect method postulated. 

It might be expected that phosphate ac
cumulation would also result in greater Ca 
accumulations in the soil, particularly if there 
was a reversion to calcium phosphate. How
ever, neither exchange Ca nor total Ca (7, 8) 
is appreciably changed. The work of Spencer 
( 11) offers an explanation since he found 
that most · of the phosphate accumulated in 
Florida sandy grove soils is in the form of 
iron and aluminum phosphates rather than 
calcium phosphate. 

SUMMARY 

Soil samples to a depth of 60 inches were 
taken in a Pineapple orange grove on an acid, 
sandy soil after 13 years of differential fer
tilization with superphosphate. Data derived 
from these samples showed that ( 1) the 
largest increase in P was in the top 12 inches 
of soil, but some increase was noted at all 
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depths, ( 2) the total weight of "feeder" roots 
in the 60 inches was nearly one-third less in 
the high phosphate plots than where none 
was applied, ( 3) appreciable acidity was im
parted to the soil by the superphosphate, par
ticularly in the top 12 inches, and ( 4) there 
was somewhat more exchangeable K found 
as a result of increased phosphate but the ex
changeable Ca and Mg were unaffected and 
there were no differences in the total amount 
of Cu, Zn, or Mn regardless of treatment. 
None of these findings can be construed as 
being highly beneficial to the culture of citrus. 
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STARTING AND MAINTAINING BURROW
ING NEMATODE-INFECTED CITRUS 
UNDER GREENHOUSE CONDITIONS 

WILLIAM A. FEDER AND JULIUS FELDMESSER 

Fruit and Nut Crops Section and 

Nematology Section 

Horticultural Crops Research Branch 

Agricultural Research Service 

United States Department of Agriculture 

Orlando 

The current nematode research program 
requires the use of large numbers of burrow
ing nematode-infected citrus seedlings as 
well as a large and reliable supply of burrow
ing nematodes. Large numbers of infected 
seedlings are needed for the chemical screen
ing program and for various biological studies 
and other fundamental work. Obtaining suf
ficient burrowing nematodes from naturally 
infected grove trees requires a great deal of 
time and labor. A method of raising and main
taining. burrowing nematode populations on 
citrus in the greenhouse was, therefore, de
vised. 

Studies, which will be reported elsewhere, 
indicate that the bu~rowing nematode will 
infect and reproduce readily in citrus seed
lings growing under normal greenhouse con
ditions in Florida. It was also found that 
grove subsoil, turned up while digging for 
nematode-infected roots, contained many 
small nematode-bearing root fragments, and 
that citrus seedlings planted into this soil in 
pots under greenhouse conditions were read_ily 
infected and supported a burrowing nematode 
population. · 

These observations were utilized in guid
ing the construction of two drained concrete 
soil tanks. These concrete block tanks were 
constructed on a 4-inch thick, poured con
crete slab and the soil-bearing portions had 
inside dimensions of 10' x 4' x 2' and 16' x 4' 
x 2', respectively. The bottom of the soil
bearing portion of the tank is raised one block 
width above the concrete slab and is con
structed of '•" No. 9 expanded metal resting 
on cross bars of 2" x 2" x }4'' angle iron. The 
metal surfaces are all coated with red lead 
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primer and asphalt paint to reduce rusling 
and corrosion. The completed tank is hown 
in Fig. 1. 

Fig. 1. Inside of soil tank showing cross support5, 
expanded metal bottom, and a portion of the walls~ 

In filling the tank with soil a 2-inch layer 
of W' lime rock was first poured onto the ex
panded metal bottom. Sterilized field soil was 
then placed on the lime rock layer to a depth 
of 4 inches. FinalJy, the remaining space in 
the tank was filled with the required num
ber of yards of subsoil taken from beneath 
trees known to harbor the burrowing nem
atode in their roots . This soil was brought 
from the grove in closed metal garbage cans 
to avoid contamination of citrus plantings 
enroute. The soil in the tank was wet down 
and tamped and allowed to settle for a few 
days. Seedlings of Rough lemon and Duncan 
grapefruit and seeds of both these varieties 
were then planted in the tank in rows, and 
the rows were marked \vith planting date and 
type of material planted. These plantings 
were watered caxefully to avoid water dam-

age and were cultivated and fertilized in a 
routine manner. It was found that the small 
root fragments , \ hich seemingly contained 
the bulk of nematodes found in the subsoi l, 
did not wash clown upon watering, but in
stead, some worked to the surface of the soil, 
if watering was excessive. It was necessary to 
push them below the surface when this oc
curred. Water, which leached through the soil, 
was collected in large pans and examined 
periodically for the presence of burrowing 
nematodes. To date, no burro,.,ving nematodes 
have been recovered from the leaching water. 

After 6 we ks, burrowing - nematode - in
fected seedlings were harvested from the 
tank. These seedlings bore few to many lesions 
on the roots and all stages of the bunowing 
nematode were found within the lesions. The 
smaller tank holds about 1,300 growing seed
lings when loaded to capacity, and the larger 
one about 2,100 seedlings. Seedlings usually 
are grown 3 months in the tank before they 
are harvested. This period is sufficient for 
them to overcome the initial shock of trans
planting and to develop an adequate top 
and root system. Damping off occur infre
quently and is con trolled by applications of 
wettable captan to the soil between the rows. 
In order to minimize trap-cropping, a few 
infected roots are cut up and buried after each 
row of seedlings is dug up. In this manner, 
an active burrowing nematode population has 
been maintained in on tank since January 
1956. This population has now survived a 
winter and a summer in the tank under normal 
greenhouse conditions. Approximately 800 in
fected seedlings have been harvested since 
January 1956. 
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PRELIMINARY INVESTIGATIONS ON 
DIEBACK OF YOUNG TRANS

PLANTED CITRUS TREES1 

GORDON R. GRIMM 

Horticultural Crops Research Branch 

Agricultural Research Service 

United States Department of Agriculture 

Orlando 

INTRODUCTION 

Dieback of transplanted citrus trees refers 
to a progressive dying of a pruned branch or 
trunk from the cut surface toward the root. It 
has been recognized in Florida for as long as 
groves have been planted. Usually the losses 
from this disease have been minor, but within 
the past few years they have increased suf
ficiently to warrant investigation. Large acre
ages have been planted at all seasons of the 
year, and it has become apparent that losses 
of young trees from dieback have increased 
disproportionately with the increased acreage 
planted. 

A study of the nature and cause ~f dieback 
was started by reviewing the methods of trans
planting citrus trees. No general agreement 
was found among growers or nurserymen as 
to the best method of transplanting. Practices 
in top pruning the trees varied considerably. 
Methods of handling, watering, and subse
quent care also varied. A diversity of opinion 
prevailed on the importance of fibrous roots 
and of the leaves at the time of transplanting. 

To determine the role of all of the various 
steps involved in transplanting on the inci
dence of dieback, controlled experiments were 
performed under field conditions. In con• 
junction with these tests, laboratory isolations 
were made to determine the microorganisms 
associated with this disease. 

1 /The author wishes to acknowledge the cooperation 
and donation of citrus trees from Mr. C. F. Fawsett, 
Jr., of Orlando, Fla, and the following nurseries: Lake 
Garfield Nurseries Co., Bartow, Fla.; Glen St. Mary 
Nurseries Co., Winter Haven, Fla.; Grand Island Nur
series. Eustis, Fla.; and Ward's Nursery, Avon Park, 
Fla. 

PROCEDURES AND RESULTS 

Temple orange and Glen Navel orange on 
Cleopatra mandarin rootstock, }i and ~, inch 
in diameter, were used in transplanting tests 
to determine the effect of top pruning, the ab
sence of fibrous roots, and defoliation. Trans
planting experiments were begun in Novem
ber and March at the U. S. Department of 
Agriculture experimental farm 7 miles west of 
Orlando, Florida. Each experiment was com
posed of eight treatments with eight trees 
each replicated four times, making 32 trees 
per treatment ( table I). Each treatment was 
a combination of three separate operations; 
e.g., the trees for treatment I had branches, 
fibrous roots and leaves; those for treatment· 
8 had their branches, fibrous roots, and leaves 
removed. Branched trees were pruned to 
leave 4-to-6-inch branches; the trees without 
branches were pruned to trunks approximately 
16 inches high; all fibrous roots and all leaves 
remaining after top pruning were removed 
with pruning shears in the groups indicated. 
The trees were planted with a 5 x 5 foot 
spacing and the entire area was kept free of 
weeds. 

Excellent, good, fair, and poor were used to 
describe the subsequent growth of the tree. An 
excellent tree had little or no dieback on the 
cut branches or main trunk and vigorous 
sprout growth; good and fair trees had rela
tively increased amounts of dieback and rela
tively decreased sprout growth; poor trees 
either had died back far enough to make re
placement desirable or were dead. Observa
tions were continued until no further changes 
in growth habit were apparent. 

Table I shows the numbers of excellent, 
good, fair, and poor trees within each treat
ment for the November and March plantings. 
As a group, trees with fibrous roots present 
were distinctly better in both the November 
and · March plantings than those with fibrous 
roots removed. As a group, trees with branches 
present were better than trees with branches 
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removed, and trees with leaves present were 
better than trees with leaves removed in the 
fall planting only. Statistical analyses of both 
experiments showed the comparisons dis
cussed to be highly significant. 

A third experiment of 3 x 2 x 2 factorial de
sign was made to compare entire trees ex
posed to the sun for l¾ tmd 2Jf hours with 
trees that were shaded and had their roots 
protected from drying by packing in wet 
sphagnum moss from the time they were dug 
until transplanted. The influences of leaves and 
of no leaves and of a 3-hour delay in watering 
after planting in comparison with watering at 
planting were measured within each group. 
Treatments were made on )~-inch Parson 
Brown orange trees on Rough lemon rootstock 
pruned to a 16-inch trunk and planted June 7, 
1956. Each of the following treatments was 

replicated three times with 5 trees each, mak-
ing 180 trees: · 
1. No sun e~oirnre, leaves on, wat.~red at plant!r.g 
2. " " " " • • -..·Jte.inf; delayed .for 3 hour, 
). " " oft, watered &t planting 
4. 11 

, wat~ri l"lg delayed for 1 hour! 

5. l-t/4 h-,ur exposure , leaves on, watered at planting 
6. " " " " " , watering delayed for 3 hciurs 
7. " off. waterl!'Ci at plantir« 
B. " , watering d"hyed for ') hours 

9. 2-1/2 hour expo~J1Jr• , leaves °"• watered at planting 
10 , " " " " ", va~ring_ dfl!l~yed for J hOYrs 
11. off, watered at planting 
12., 11 • , vaterlng dehyed for ) hours 

The trees exposed to the sun were laid on 
cultivated ground; the air temperature 3 
inches above the surface was 93° F. and 112" 
on the ground surface. All trees were ·planted 
with a 5 x 5 foot spacing and arranged by 
treatment in a definite plot design. All were 
watered on the day of planting with 6 gallons 
of water at the times designated, and every 
4 or 5 days thereafter during the next 6 weeks 
as weather conditions required. 

Table 1. Distribution of trees by growth classes of Excellent, Good, 
Fair, and· Poor following treatments at two planti.ng seasons 

• Treatznentsl/ 
November ~lantingY March ~lsmt1ng2/ 
E G F p E G F p 

Branches present 
Fibrous roots present 

1. Leaves present 24 7 0 l 16 5 5 6 
·2. Leaves removed 6 11 7 8 17 4 4 ' 7 

Fibrous roots removed 
3. Leaves present 1 3 24 4 1 2 8 21 
4. Leaves removed 0 3 10 19 z 2 5 23 

Branches removed 
Fibrous roots present 

5. Leaves present 5 2 10 15 11 2 9 10 
6. leaves removed 0 2 7 23 6 6 7 13 

Fibrous .roots removed 
7. Leaves present 1 3 6 22 2 1 7 22 
8. leaves removed 0 0 3 29 5 4 5 18 

1/ Eaeh treatment has a total of 32 trees. 
?J Temple orange/Cleopatra mandarin 1/2-in. planted 11/9/55. Data taken 

2/23/56. 
1/ Glen Navel orange/Cleopatra mandarin 5/8-in. planted 3/23/56. Data 

taken 6/7 /56. 
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Table 2. M?.an inches of dieback and new sprout growth 6 weeks after 
transplanting Parson Brown orange trees, as influenced by 
exposure, defoliation, and delay in inHial watering 

Treatment Dieback S12rout growth 
in. ino 

Expos11re to the sun 
0 hour 1.58 32053 
1¼ n 4.25*** 17002*** 
2½ n 5.12*** 3.85*** 

Le<'l.ires present 3.02 18099 

L:-.e.ves removed 4.28* 16.16 

Waterfog 
at planting 3.59 17.63 
delayed for 3 hours 3.71 17.97 

*Indicate~ statistical significance at odds of 19:1 
***Indicates statistical signifi_cancl:l at odds of 999 :1 

The results are summarized in Table 2 in 
terms of average inches of dieback of the 
main trunk and average inches of total new 
sprout growth per tree for the respective 
treatments. Trees exposed to the sun for u; 
or 2)f hours prior to planting had considerably 
more dieback and less sprout growth than 
trees that had been protected from drying 
with wet sphagnum moss. Statistically the dif
ferences are very highly significant. It should 
also be noted that trees without leaves at the 
time of transplanting had significantly more 
dieback than trees with leaves at the time of 
transplanting. ·Time of initial watering did 
not affect the amount of dieback or sprout 
growth of the trees in this experiment 

Preliminary observations on the effective
ness of various pruning paints for the control 
of dieback were made during February, 
March, April, and May on sweet orange trees 
with various amounts of top pruning and de
foliation. De-Ka-Go, Carbolineum, and pastes 
of Zineb, Orthocide, and neutral copper were 
applied to the cut surfaces immediately after 
pruning and before the trees were dug at the 
nursery. The treated trees were planted at 
random with non-treated trees and compari
sons were made in the same planting. Only 

6 percent of the trees showed measurable 
dieback, and this seemed to occur regardless 
of the presence or absence of wound paint. 

Several fungi and an unidentified bacterium 
have been isolated from trees affected with 
dieback. However, investigations to date have 
not shown any one organism to be consistently 
associated with dieback. Colletotrichum gloeo
sporioides was isolated from 60 percent of the 
trees; Diplodia natalensis, Phomopsis citri, 
Fusarium spp., and bacteria were isolated from 
10 to 30 percent of the trees. 

DISCUSSION 

Field observations and experimental data 
indicate that dieback of transplanted citrus 
trees is largely a result of mishandling the 
trees at some point during transplanting. 
Transplanting citrus trees involves many op
erations such as pruning, digging, transporting, 
planting, watering, and fertilizing and any one 
or all may be done carelessly enough to injure 
the tree. Environmental conditions at the time 
of operations, such as temperature, humidity, 
wind and water, and soil characteristics may 
also have direct influences on the success of 
transplanting. 

The presence of healthy fibrous roots and 
their protection from drying at all times have 
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proved to be important for vigorous tree 
growth, which apparently provides the best 
defense against dieback of transplanted citrus 
trees. 

The presence of leaves can have a marked 
influence in preventing or checking dieback of 
the tree. It is not uncommon for dieback to 
proceed down one side of a limb or trunk on 
which no leaves are present and to stop on 
the other side at the first leaf. Exactly how a 
leaf stops dieback is not known; it may be 
only by sustaining healthy tissue through the 
normal leaf functions. Even though the leaves 
are lost shortly after planting, they may be 
beneficial to the tree during transplanting. In 
the third experiment, trees with leaves during 
exposure to the sun lost their leaves 2 or 3 
days later, yet they had · significantly less die
back than trees without leaves. 

From the data obtained thus far it would 
seem advisable to top prune trees only mod
erately, maintaining 4-to-6-inch branches. This 
was particularly true for fall-planted trees, 
which were larger and stronger, and had less 
dieback 4 months after planting. Incidental 
observations have shown that the advance of 
dieback down a branch is often checked tem
porarily and sometimes permanently at the 
crotch. 

A causal organism of dieback cannot be en
tirely ruled out. However, the fact that a tree 
has less dieback because of the presence of 

fibrous roots, leaves, and branches, coupled 
with the fact that at present no one organism 
has been isolated consistently from all die
back trees, suggests that good transplanting 
methods offer the best control of this disease. 
It is evident that durin'g transplanting of citrus 
the entire tree, particularly the fibrous roots, 
should be protected from drying at all times. 
Once the tree has been set in the grove it 
should be watered at planting and again the 
second or the third day afterward; and, in 
Central Florida sandy soils, every 3 to 5 days 
thereafter for the first few weeks as weather 
conditions require. 

SuMMAHY 

Dieback and new sprout growth of young 
transplanted citrus trees were measured in re
lation to ( 1) top pruning, ( 2) defoliation, ( 3) 
root pruning, ( 4) exposure of the entire tree 
to the sun before transplanting, and ( 5) de
layed watering after transplanting. The pre
liminary results indicate that dieback may be 
a result of injurious transplanting operations. 
Healthy fibrous roots were shown to be very 
important for vigorous tree growth and to 
constitute one of the best defenses against 
dieback. The presence of leaves appeared to 
be beneficial in limiting the amount of die
back, especially in fall-planted trees. 

Investigations to date give no definite in
dications that fungi or bacteria are primary 
causal agents of dieback. 

THE POSSIBILITY OF MECHANICAL 
TRANSMISSION OF NEMATODES 

IN CITRUS GROVES 

A. C. TAHJAN 

Florida Citrus Experiment Station 

Lake Alfred 

The somewhat phenomenal spread of the 
burrowing nematode, Radopholus similis . 
(Cobb) Thome, in recent years has been at
tributed to subsoil drainage ( 3), to the move
ment of the nematode itself, and to the ac
tivities of humans ( 4). This latter means of 

Florida Agricultural Experiment Station Journal 
Series. No. 529. 

dispersal of the organism has been imple
mented mainly by the widespread dissemina
tion of infected citrus nursery stock and other 
cultivated plants. It generally has been as
sumed that various implements and mechan
ical devices also play a role in the spread of 
the burrowing ' nematode as in the case of 
certain other plant pathogenic nematodes 
( 1, 2, 5). Although shovels, cultivators, and 
mobile harvesting machinery have been im
plicated, it was suspected that bulldozers 
were mainly responsible. The "pull and treat" 
program ( 6) of the Florida State Plant Board, 
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which is accomplished by the destruction of 
burrowing nematode infected citrus and sub
sequent soil treatment with D-D soil fumi
gant, uses bulldozers for elimination of desig
nated trees. The machines enter the groves, 
fell the trees and place them in piles for burn
ing. If infested soil and infected roots were 
capable of being picked up and transported, 
the bulldozers, with their undesired cargo, 
might be assigned on the following day to 
either clearing virgin land for future groves 
or pushing out old or undesirable trees to 
make way for a new planting. In either case 
it was assumed that nematode inoculum 
might, in this manner, be disseminated to non
infested land. 

With the cooperation of Mr. Charles Pouch
er, Florida State Plant Board, Lake Alfred, 
and the various contractors involved in clear
ing infested grove sites, a study was under
taken to determine (I) if bulldozers and cul
tivators were carrying soil and debris. infested 
with nematodes, ( 2) the relative kinds and 
frequency of occurrence of these nematodes, 
and ( 3) whether clods of soil and debris in
fested with burrowing nematodes might be 
suitable inoculum for infecting potted citrus 
plants. The vast majority of the sites visited 
were groves affected by spreading decline, but 
in a few cases noninfested groves were also 
inspected. Soil, including roots when avail
able, was scraped off bulldozer tracks and 
was obtained also from various locations on 
the "dozer" body. Samples thus obtained 
were stored in pint jars, returned to the 
laboratory, and processed for nematodes. 

During the course of this study, 63 samples 
were collected from 23 different groves in 
Lake, Polk, and Orange Counties. Genera of 
nematodes identified are listed in Table I 
while the relative abundance of nematodes in 
each of the samples is shown in Table 2. 

Nematode genera with saprozoic or preda
tory feeding habits comprise the longest list 
in Table I. There were additional genera of 
this group that were not identified principally 
because only spear-bearing nematodes were of 
primary interest in this study. The bulb and 
stem nematodes, Ditylenchus spp. were the 
most numerous among the plant parasites 
found. Although many species of this genus 
are not parasites of higher plants, it has long 

been suspected that other species are capable 
of inflicting serious root damage. Likewise, in 
the "Suspected Plant Parasite" group, the 
genus Dorylaimus probably contains species 
that are plant parasites as well as those which 
are predatory in feeding habit. 

Data in Table 2 shows that most of the 
samples obtained yielded from 26 to 75 nema
todes and that in no case did a sample fail to 
yield living nematodes. This is especially signi
ficant when it is taken into account that the 
major part of this survey was conducted in 
the winter and spring months of 1956 during 
an extended drought. Occasionally a sample 
consisted of only a small number of apparent
ly desiccated roots and soil which was scraped 
off the body of the bulldozer, while at other 
times the sample was found packed under 
pressure in crevices in the tracks and had to 
be forcefully pried out. In one case, the 
machine operator· had finished for the day 
and in an attempt at disinfestation had sprayed 
the tracks with diesel fuel, a substance which 
has been assumed to be nematocidal. The soil 
sample, obtained about one hour after the 
spraying, yielded numerous active, apparently 
healthy nematodes when processed in the 
laboratory the next day. 

Ironically, the only time that Radopholus 
similis was obtained was from a sample taken 
from a machine pushing · out apparently 
healthy grapefruit trees for purposes of re
planting with orange. 

The imposing list of plant parasites shown 
in Table I disproves the conception that such 
nematodes cannot possibly survive in soil 
clods or debris exposed to air and sun. Where, 
in the case of certain plant parasites, adequate 
moisture is needed to prevent desiccation, 
matter containing adequate moisture can be 
found tightly packed on the bulldozer tracks. 
In one case, a bulldozer being transported by 
truck was intercepted about two miles from 
the grove site in which it had been working. 
As expected, numerous nematodes were ob
tained from the soil samples collected from 
the machine. 

Although the foregoing data proved that 
certain machinery is capable of. disseminating 
nematodes, the question remained whether 
inoculum thus translocated was capable of in
stituting an infection at a new location. Con-
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sequently tests were conducted on potted 
seedlings simulating actual conditions as 
closely as possible. 

Thirty 9-month-old grapefruit seedlings 
growing in autoclaved soil in 46 oz. cans were 
divided into five lots of six plants each. These 
were placed evenly in large flats of auto
claved soil, so that only the upper fifth of the 
can projected above the soil. This was done 

to maintain as constant a soil ·temperature as 
possible within the cans. Inoculum consisted 
of finely cut citrus feeder roots which were 
moderately infected with burrowing nema
todes. In simulating the physical state of po
tential inoculum as it had been observed on . 
the bulldozers, various combinations of in
fected roots, mashed citrus fruit, clay, and 
soil were mixed and shaped by hand into 

Table 1. Genera of nematodes found in soil collected from bulldozers 

Plant Parasites 

Tylenchulus (1) !/ 
Radopholus (1) 

Tylenchorbynchus (2) 

Criconemoides (1) 

Tylenchus (6) 

Ditylenchus (18) 

Meloidogyne (1) 

Dolichodorus (4) 

Hemicycliophora (1) 

Pratylenchus (12) 

Trichodorus (3) 

Hoplolaimus (2) 

Rotylenchus (3) 

Belonolaimus (1) 

Tylenchidae (2) !l/ 

Suspected Plant Parasites 

Aphelenchoides (31) 

Paurodontus (1) 

Dorylaimus (11) 

Xiphinema (3) 

Tylencholaimus (3) 

Pseudhalenchus (5) J;/ 

Belondira (1) 

Nothotylenchinae (1) !l/· 

!/ Numeral indicates frequency of occurrence. 

Ef Identified only to family or sub-family. 

J;/ New genus-technical descriRtj)on currently being prepared. 

Saprozoltes and Predators 

Rhabditis (17) 

Diplogaster (5) 

Acrobeles (8) 

Cephalobus (2) 

Tripylidae (1) !l/ 
Diplogasteroides (2) 

Rhabditol.aimus (1) 

Monhystera {2) 

Alaimus (1) 

Prismatolaimus (1) 

Acrobeloides (2) 

Discolaimus (2) 

Mononchus (2) 

1lilsonema (2) 

Eucephalobus (2) 

Pleotus (l} 

Aporcelaimus (l} 

Chiloplacus (1) 

Cervidellus (1) 

Aphelenchus (10) 
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Table 2. Relative n1ll!lber of nematodes recovered 
from soil samples. 

No, of Nematodes 

151 or more 

76-150 

26-75 

11...25 

10 or less 

none 

Frequency in S'1.l'lr,les 

12 

13 

22 

8 

8 

0 

small clods. All of these inoculum combin
ations were either placed on or partially im
bedded in the soil contained in the cans some 
of which had been watered immediately prior 
to inoculation. This was done to approximate 
the condition where infested material had 
either fallen from a bulldozer to the ground 
or ha_cl been pushed into the ground by the 
machme tracks. ·watering the soil in some of 
t~e cans_ simulated rainfall prior to inocula
tion. After the inoculum was introduced 
water was applied to those cans which had 
not been pre-wetted. One flat was placed in 
a room provided with artificial illumination, a 
constant temperature of approximately 78° F., 
and a relative humidity which averaged about 
80 percent during hours of illumination and 
95 to 100 percent in total darkness . Two flats 
were placed outside exposed to sunlight, while 
another flat was placed in the partial shade 
of a slat house. A control flat containincr 
plants which had received combinations of 
nematode-free citrus roots, citrus pulp, clay 
and soil was placed outside exposed to weath
er conditions. 

Plants were harvested and screened for bur
rowing nematodes by the root incubation 
technique (7) approximately 10 weeks after 
this experiment was initiated. It was found 
that only plants which had been protected 
from exposure to direct sunlight, i.e. those 
placed ,in the constant temperature room and 
those placed in the slat house, became in
fected with burrowing nematodes. It did not 
appear to make any difference whether the 
plants were watered prior to or after inocula
tion, whether the inoculum reste'cl on or was 
inserted in the soil, and whether the inoculum 

was combined with clav crushed citrus fruit, 
soil, or any combinatio;/ of these. 

These results, although derived from tests 
with potted seedlings, indicate that situations 
could arise in the field where nematode
infected inoculum might be carried into non
infested land, come into contact with the soil 
in a shaded area prior to or following a rain, 
and could institute an infection of host plants 
growing in the immediate vicinity. 

SUMMARY 

A survey was undertaken in which soil and 
root samples were obtained mainly from the 
t~acks of bulklo~ers employed in eradicating 
citrus groves afflicted with spreading decline. 
Tl_1is survey w~s conducted mainly during the 
wmter and sprmg months when the citrus area 
had received a minimum rainfall. Sixty three 
soil and root samples were collected from 
twenty-three groves in Polk, Lake, and Orange 
Counties. Fourteen different genera of known 
plant parasitic nematodes including Raclopho
lus similis, the burrowing nematode, were 
identified. Experiments were conducted in 
which burrowing nematode infected citrus 
roots in combination with clay, crushed citrus 
fruit, and soil were introduced into pots con
taining 9-month-old citrus seedlings. After 
inoculation, these plants were either exposed 
to sunlight or placed in shaded areas. Only in 
the latter · case did plants incur burrowing 
nematode infections. It is concluded that 
mechanical equipment such as bulldozers are 
c,ipable of transmitting nematodes which, 
under the proper conditions, can institute in
fections of citrus. 
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The mild tristeza virus was transmitted 
from Temple orange trees to Key lime test 
plants by two species of aphids in preliminary 
experimental work ( 16) . The green citrus 
aphid (Aphis spiraecola Patch) gave positive 
transmissions to 9 of 128 test plants and the 
melon aphid (A. gossypii Glover) to 1 of 26 
plants. Higher ratios of infection have been 
obtained in recent tests with the combined use 
of controlled sources of inoculum in several 
varieties of citrus seedlings, multiple-branched 
Key lime test plants, larger numbers of aphids 
per plant, and timely observations to detect 
initial symptoms. This n:port presents results 
obtained with this improved technique. It in
criminates the black citrus aphid (Toxoptera 
aurantii ( Fonsc.) ) as a vector, and describes 
tests with other insects and mites, so far neg
ative, as vectors. Studies of Meyer lemon trees 
as sources of inoculum are also discussed. ., 

METHODS 

In order to establish tristeza virus in plants 
of different citrus varieties, two Key lime 
plants (T1 and T2) were selected as standard 
sources of the virus inoculum. These plants 
had been infected in March 1953 as a result 
of aphid transmissions from a stunted Temple 
orange tree on a red lime ( Rangpur type) 
rootstock ( 16). Green citrus aphids were 
transferred to these plants after they had fed 
on the Temple orange for 116 hours, 75 to 
the T1 plant for a 1-hour transmission feeding 
period and 30 to the T2 plant for 23 hours' 
feeding. Both these Key lime plants have been 
used in other pathological investigations ( 8) 
and the readions on the Key lime are consid
ered typical of the mild tristeza virus in 
Florida. 

Leaf pieces from the T1 and T, sources were 
used to inoculate greenhouse-grown citrus 
seedlings. The Valencia and Florida sweet 
seedlings were considered to be nucellar, and 
the Temple oranges were sexual seedlings 
selected for characteristics of the parent varie
ty. Presence of the tristeza virus in these 
plants was confirmed by retransmission with 
leaf-piece transfers to Key lime plants. The in
fected Valencia and Florida sweet seedlings 
were transplanted to a field and the infected 
Temple orange plants were kept in pots in a 
screen-house. Individual plants were re
checked by leaf-piece inoculations into Key 
lime plants for proof of continued presence of 
the virus in the young growth at the time of 
each acquisition · feeding by aphids. 

In the previous tests ( 16), in the present 
tests with the black citrus aphid, and in 
studies of Meyer lemon as a source of virus, 
small Key lime plants 8 to 12 inches high with 
single stems and 25 to 150 aphids were em
ployed. In the other tests healthy Key limes 18 
to 20 inches high were cut back or the tops 
bent over to stimulate rebranching, and col
onies of 300 to 700 aphids were used. 

Pathological investigations had indicated 
that the optimum time to observe initial symp
toms of vein clearing associated with the mild 
tristeza virus was 20 to 40 days following tis
sue inoculation. In insect-inoculated Key lime . 
plants 30 to 60 days following infestation was 
found to be the optimum period. Thereafter 
the symptoms might diminish, especially under 
summer conditions in the greenhouse. Initial 
symptoms did not always occur on all 
branches. The branches showing symptoms 
were tagged so that they could be observed 
frequently and used for testing retransmission 
by means of leaf inoculations into Key lime 
plants. 

Isolated aphid colonies of single species 
were placed on young, succulent growth of 
healthy citrus seedlings and allowed to feed 
for 24 hours, since previous tests with other 
species ( 3, 5) had indicated that such feed
ing would free them of tristeza virus. The 
young shoots with the aphids were then trans-
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ferred to the infected seedlings that had been 
previously tissue-inoculated and tested, and the 
aphids were allowed to move over voluntarily. 
After a 25-hour period to acquire the virus, 
aphids on shoots from the infected seedlings 
were placed on the multiple-branched Key 
lime test plants in separate cages at the labor
atory. Again the aphids were allowed to move 
over voluntarily. 'At the end of 24 hours counts 
per unit of leaf area were used as a basis for 
estimating the total number of aphids present 
on each test plant. Representative aphid spec
imens were collected for positive identifica
tion. The test plants were sprayed twice with 
0.04 percent nicotine sulfate before they were 
transferred to, the greenhouse. 

TESTS WITH GREEN CITRUS AND 

MELON APHIDS 

The results given in table 1, from tests 
carried out in March and April 1956, show 
that the green citrus aphid transmitted the 
virus from three varieties of infected citrns 
seedlings to Key lime plants. All test plants 
infested with melon aphids became infected. 
The proportion of successful transmissions by 
both species was much higher than in the 
previous tests ( 16) . 

,eedliD(• to multiple-branched Key 11•• phnt,. 

So\ll'ce or Iaoeuhm Number or J.phia, per Number of Tut flapt.f 

Va1-ncia 

P'lorlo.a , ... t 

TaQple 

Te■ph 

Test Plant Infested 11\ftC:lid 

Grun citrus aphids 

JOO 

400 

JOO 

400 

l.:tlOP aphids 

700 

In these tests initial symptoms of tristeza 
were detected on one or more branches of the 
test plants 5 to 6 and, in one case, 8 weeks 
after inoculation. New young leaves of in
fested branches showed distinct vein clearing 
and a veinlet pattern that frequently faded as 
the growth matured. After the initial vein
clearing symptoms disappeared, some leaf 
cupping and deficiency signs remained. Pres
ence of the virus in all aphid-infected plants 
was confirmed by tissue transmissions to ad
ditional Key lime plants. 

TESTS ~ ' ITH THE BLACK CITRUS APHID 

One positive transmission of histeza virus 
was obtained in five tests with the black citrus 
aphid. In this test 25 alate adults and nymphs, 
all reared from one adult, were given an ac
quisition feeding period of 48 hours on an 
infected Valencia orange scion grown on a 
potted Key lime rootstock in the greenhouse. 
The transmission feeding period was 4 hours. 
Presence of the virus in the aphid-infected Key 
lime test plant was confirmed by leaf-tissue 
transfers. The identity of the aphid species 
was confirmed by Louise M. Russell, ~f the 
Entomology Research Branch. This is the first 
record of positive transmission of tristeza virus 
by this species. 

MEYER LEMON As A SouRCE 

OF TmSTEZA Vmus 

Meyer lemon trees are present in dooryards 
or small plantings in most citrus areas. Some 
Meyer lemon trees have been found to carry 
tristeza . virus ( 11, 17, 20), but investigations 
in Texas ( 4, 18) indicate that its spread from 
this host is not common. Because of the wide 
interest in Meyer lemon as a host, tests were 
made to transmit the virus from it. Three aphid 
species were used as vectors. Colonies of 5 to 
50 apterous adults were employed. In 16 tests 
with the black citrus aphid and 21 tests with 
the melon aphid no transmissions were ob
tained. In 107 tests where the green citrus 
aphid was used, 2 transmissions were secured. 

In the first positive transmission a Meyer 
lemon tree at Minneola, Fla., was the source 
of inoculum. Thirty apterous adult green 
citrus aphids fed for 42½ hours on this tree 
and 42 hours on the test plant. Scattered but 
distinct clearing of veins occurred on the 
young leaves of the Key lime test plant 5 
months later. These symptoms became less 
evident as the leaves matured, and subsequent 
new growth showed no further symptoms. 
While these transmission tests were being car
ried out, budwood from the Meyer lemon 
branch that the aphids had fed on was 
brought to the greenhouse and side-grafted 
into 5 Key lime plants. All these plants showed 
strong vein- and veinlet-clearing symptoms, 
which were evident for a longer period and 
were more distinct than those observed on the 
Key lime plant infected as a result of aphid 
inoculation. 
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The Meyer lemon scion on one of the graft
inoculated Key lime plants was allowed to de
velop, and subsequently green citrus aphids 
were fed on it for 24 hours and then trans
ferred to two Key lime plants for another 24 
hours. One plant, on which 75 aphids fed, 
showed no symptoms, but the other, on which 
50 aphids fed, developed transitory leaf symp
toms 4 months later. This limited symptom 
expression of tristeza suggested that either the 
somce of inoculum contained only a very mild 
tristeza-virus strain or the aphids had sorted 
out and transmitted only a portion of the virus 
strain• mixture. 

In order to obtain further information, leaf
piece transfers and scion grafts were made. 
The Key limes inoculated with tissue from 
the Meyer lemon at the end of 2 months 
showed striking vein- and veinlet-clearing 
symptoms. The Key limes inoculated with tis
sues from the aphid-transmitted source showed 
only slight deficiency symptoms and a tenden
cy for slight cupping of some leaves. Three 
months ·after the inoculations observations 
were made for the presence of stem pits. Two 
plants tissue-inoculated from the Meyer lemon 
source had averages of 28 and 100 pits per 
10 centimeters of stem; two of three plants 
tissue-inoculated from the aphid-infected Key 
lime source had no pits, and one plant had 1 
pit per IO centimeters of stem. These results 
show that a milder form of tristeza virus was 
transmitted from the Meyer lemon by the 
aphids than was transmitted by tissue grafts 
from the same source, 

TESTS Wrnr OTHER INSECT S AND MITES 

Tests were also made with other insects 
and mites found on citrus in Florida. The 
sources of inoculum were tristeza-infected Key 
lime seedlings. Thus far there have been no 
positive transmissions. The species tested as 
vectors, with the number of Key lime plants 
infested, were as follows: green peach aphid 
( M yzus persicae ( Sulz.) ) 4, citrus mealybug 
( Psemlococcus citri (Risso) ) 49, leafhopper 
I-! omalodisca triquetra ( F.) 35, blue sharp
shooter leafhopper ( Oncometopia imdata 
(F.) ) 7, big-footed plant bug (Acanthocepha
la femorata (F.) ) 14, southern green stink 
bug (Nezara viridula (L.) ) 29, stink bug 
Euschistus obscurus (P. de B.) 7, citrus reel 
mite ( M etatetranychus citri ( McG.) ) 8. 

TEST PLANTS As A MEASUHE 

of Vrnus TRANSMISSION 

Tristeza of citrus was first recognized as a 
disease of sweet orange on_ sour orange root
stock. This scion-rootstock combirrntion was 
used in initial studies, which showed that the 
disease is caused by a virus and can be trans
mitted by tissue grafts ( 1, 6) and by A phis 
citricidus (Kirk) (1, 3, 13, 15). As informa
tion advanced, West Indian, Mexican, and Key 
lime plants were employed as means of de
tecting this virus (9, 10, 14, 19). 

The primary symptoms of vein and veinlet 
clearing and stem pitting on the Key lime 
plants are useful. Improvements in the pro
duction and detection of symptoms on the 
test plants have been sought as means of ob
taining further information on virus transmis
sion. In the present investigations the use of 
standardized sources of inoculum, multi
branched Key lime plants, large aphid popula
tions, and observations at critical periods have 
given high ratios of virus transmission under 
early-spring conditions. The recovery from 
initial symptom expression in the summer sug
gests that the Key lime plants are not as good 
indicators of tristeza virus under high-temper
ature conditions. Temperatures appear to af
fect not only the occurrence of vein clearing 
on the leaves, but also stem-pitting symptoms, 
as noted by Grant and Higgins ( 8). 

The intensity of symptoms on the test plants 
also varies with the virus strain. Recent patho
logical investigations indicate that the mild 
tristeza virus in Florida may be a mixture of 
strains ( 8). By use of the aphid-transmitted 
mild-virus source plants T1 and T2, and with 
leaf-piece transmissions to Key lime plants and 
successive selections of leaf pieces and trans
missions to other Key lime plants, evidence 
was obtained of virus strains that cause many 
stem pits and some that cause few to no pits. 
Apparently the tristeza virus strains could 
exist in varying mixture levels in infected 
plants. Work in South Africa ( 12) and Brazil 
(7) has shown that aphids have transmitted 
a mild form of the virus from trees known to 
be carrying the severe form, In the present 
study of Meyer lemon as a virus source, the 
two transmissions obtained by means of aphids 
produced notably milder symptom expression 
on Key lime plants than those obtained by 
tissue transmission. 
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TRANSMISSION OF TmsTEZA Vmus 

IN CITRUS GROVES 

The green citrus aphid is the most abundant 
aphid on Florida citrus. It usually limits its 
feeding to seasonal growth flushes of succu
lent terminals which vary with the citrus 
variety and rainfall conditions, and its feeding 
curls the tender foliage. The black citrus aphid, 
appearing later in the season, feeds on more 
mature leaves. The melon aphid, although less 
prevalent on citrus than the green citrus 
aphid, is also found on young growth. 

Recent studies in California ( 5) indicate 
that in four districts where measurements 
were taken the yearly average number of 
aphids of all species flying to a single orange 
tree ranged from 185,725 in the coastal area 
to 956,238 in the area around Covina and 
Azusa called the intermediate district. The 
respectiv'e figures for the melon aphid alone 
were 3,200 and 35,600. Since the melon aphid 
is the demonstrated vector of tristeza virus in 
southern California, it is not surprising that 
the disease spread most rapidly in the inter
mediate district. Green citrus aphids made up 
more than 85 percent of the aphids caught 
flying to the orange trees, but neither this 
species nor the black citrus aphid has been 
shown to carry the tristeza virus in , California. 

We do not have comparable data for aphid 
populations in Florida. However, our studies 
show that all three species are potential vec
tors of the tristeza virus. 

Each tristeza-infected tree serves as a 
reservoir from which the aphids can obtain 
the virus. There are two types of reservoirs
( A) an infected tree on a nontolerant root
stock as sour orange which shows decline 
symptoms and produc~s delayed, weak flushes 
of new growth; and ( B) a tree on a tolerant 
rootstock which has apparently healthy 
growth but carries the tristeza virus. The latter 
is a more dangerous source of the virus, be
cause the succulent flushes of new growth are 
suitable for aphid feeding and transmission of 
the virus at the time other normal, healthy 
trees are flushing. The visibly diseased trees 
( type A) seem to be less dangerous sources of 
inoculum because of their 10-day to 2-week 
delay in producing new flushes of growth that 
are less vigorous. _ 

In California Dickson et al ( 5) reported 
that the rate of spread of tristeza in the groves 

seldom exceeded two new infections each year 
from each diseased tree. They noted, how
ever, that the most rapid spread was generally 
in the intermediate area where most orchards 
were ruined commercially about five years 
after the disease was first reported in them. 
This area had the largest number of flying 
aphids. -

In Florida the visible spread of the disease 
has been greatest in a Temple orange grove 
where all trees were reported as being on sour 
orange rootstock. Actually some were growing 
on tristeza-tolerant rootstocks and it is be
lieved that these trees have served as more 
favorable reservoirs of virus for aphid trans
mission than the visibly diseased trees on sour 
orange rootstock. · 

The more infected trees available, the great
er is the chance for aphids to acquire the virus 
and transmit it to other trees. In Florida the 
number of visibly diseased trees is not always 
a reliable measure of the number of infected 
trees, for frequently there are mixtures of 
rootstocks. 

Surveys made by the State Plant Board of 
Florida ( 2) show a widely scattered distribu
tion of tristeza-infected trees. These trees 
serve as sources of virus, and as aphid infesta
tions are not usually controlled by present 
spraying practices, the number of infected 
trees in the St~te may be expected to in
crease. 

SUMMARY 

The green citrus aphid was found to trans
mit the tristeza virus from infected Valencia 
and Florida sweet seedlings as well as from 
the Temple orange variety previously reported. 
The black citrus aphid was shown for the first 
time to be a vector of the virus. Seven other 
insects and one mite species did not transmit 
the virus. 

Improved techniques have given high 
ratios of transmission by the melon and green 
citrus aphids. The techniques utilize con
trolled sources of inoculum in several varieties 
of citrus seedlings, multiple-branched Key 
lime test plants, 300 to 700 aphids per test, 
and timely observations to detect initial symp
toms. 

Transmissions of virus by the green citrus 
aphid from Meyer lemon produced notably 
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milder symptom expression on Kef limes than 
those obtained by tissue transfers to Key 
limes from the same Meyer lemon source. 
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PHYSIOLOGIC RACES OF THE BURROWING 
NEMA TOD£ IN RELATION TO CITRUS 

SPREADING DEC~INE 

E. P. DuCHARME
1 

AND W. BmcuFIELD
2 

The burrowing nematode, Radopholus s_i~1i
lis (Cobb) Thome, is now known to ~aras1hze 
more than 125 different species of plants. 
Some species show no evident effects of the 
parasite whereas other species such as rough 
lemon s~ffer severely. Many of the susceptible 
species are grown as ornamentals around 
homes and, if -parasitized by burrowing nema
todes, may be a source of infection for citrus 
growing close by. If all the burrowing nei:na
todes that parasitize these plants are alike, 
then any infected plant could spread the in• 
fection to nearby citrus. On the other hand, 
should some colonies of burrowing nematodes 
be so specialized that they do not feed on 
citrus, then their presence on host plants 
would not be a threat to adjacent groves. Be
cause of the extensive host range of the bur-

Florida Agricultural Experiment Station Journal 
Series No. 640. 

1/Florida Citrus Experiment Station. Lake Alfred. 
2/Florida State Plant Board, Gainesville, Florida. 

rowing nematode, it is important to know 
whether physiologic races of burrowing nema
todes occur in nature and whether there are 
races that do not parasitize citrus. A physiolo• 
gic race is generally understood to be identi
cal with the species in morphological respects 
but to differ from it in some aspect of its 
physiology, such as parasitism. 

In Florida, clumps of banana, Musa nana 
and M. sapientum, are often planted in and 
about citrus groves bordering lakes, marshes, 
irrigation ponds and drainage ditches. The 
first evidence indicating the existence of a 
physiologic race of burrowing nematodes that 
differs from the burrowing nematodes causing 
spreading decline came f;om such a clump of 
banana plants. The banana roots were heavily 
parasitized with burrowing nema~odes "".hereas 
the citrus roots were not. Roots from this loca• 
tion were examined four times during the fol. 
lowing year. Each time the citrus roots were 
free of burrowing nematodes although the 
citrus roots were intermingled with the para-
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sitized banana roots. Attempts to infect the 
roots of sour orange seedlings with burrowing 
nematodes from this location were not success
ful. The burrowing nematodes from this loca
tion, although they would not feed on citrus, 
could not be· distinguished morphologically 
from those causing spreading decline. In this 
discussion burrowing nematodes that parasit
ized b~~ana but not ,,citrus will be designated 
as the banana race. 

Clumps of banana plants in or next to 39 
citrus groves and other clumps in 30 loca
tions where there was no citrus were examined . 
for presence of burrowing nematodes. In the 
39 locations next to groves, the citrus and 
banana plants were close enough for root con
tact. Among these places examined, burrow
ing nematodes had parasitized banana but 
not citrus in 9 locations, both banana and 
citrus in 4, and only citrus roots in 3. No 
burrowing nematodes were found in the re
maining 23 locations. Of the 30 isolated 
clumps of banana, 13 were parasitized by bur
rowing nematodes and 17 were not. None of 
the parasitized banana plants appeared to be 
diseased, whereas all infected citrus had 
symptoms of spreading decline. These ob
servations indicated the existence of three 
physiologic races of burrowing nematodes. 
separable by their ability to parasitize either 
banana or citrus or both. 

Experiments were conducted under con
trolled conditions to test the hypothesis de
rived from observations made in the field that 
at least three strains of burrowing nematodes 
exist. In the first experiment, sour orange seed
lings planted in sterile soil maintained · at 
temperatures of 75° to 78° F. did not become 
parasitized when inoculated with the banana 
race of burrowing nematodes. In another ex
periment, nematode-free banana plants and 
rough lemon seedlings planted side by side in 
the same container were inoculated with col
lections of the banana race and the race 
causing citrus spreading decline. The inocu
lated test plants were grown for six months 
with the soil temperature maintained at 75° to 
78° F. The burrowing nematodes from banana 
infected the banana test plants, but not the 
rough lemon seedlings although the roots of 
both plants were intermingled. In contrast, the 
burrowii1g nematodes from a grove affected by 
spreading decline readily parasitized the rough 

lemon roots and attacked the banana roots as 
well. 

In another study, nematode-free sour orange 
seedlings and banana plants growing in steam
sterilized soil were cross-inoculated with bur
rowing nematodes from the same sources used 
in the preceding experiment. The soil tem
perature was maintained at 75° to 78° F. The 
burrowing nematodes from banana reinfected 
banana but not the sour orange seedlings, and 
those from a spreading decline affected grove 
parasitized both the sour orange and banana 
test plants. The results of these experiments 
confirmed the existence of two of the three 
physiologic races found in . the field. 

Burrowing nematodes that cause spreading 
decline are physically like those of the banana 
race. The average length and width of female 
nematodes from both races was almost identi
cal and there was no significant difference in 
the physical proportions. No morphologic 
character was found that could be used to 
distinguish one physiologic race from the 
other. The two physiological races of the bur
rowing nematode (Radopholu-s similis) that 
have been found in nature have been separated 
cnly by differeni;es in parasitic activity on 
citrus and banana. The existence of a possible 
third race, found in the field on citrus only, 
was not studied in the laboratory experiments 
undertaken. 

It is likely that other physiological races of 
this nematode can be detected by using addi
tional species of host plants. Burrowing nema
todes collected from several kinds of orna
mental plants failed to parasitize citrus in ex
ploratory tests, possibly because they may be 
similar to the banana race. On the other hand, 
we know that the physiologic race causing 
spreading decline will infect Persea americarw 
Mill., (avocado); Malpighia glabra L. , (Bar
bados cherry) ; H edychimn coronarium Koen
ig, ( ginger lily) ; and Musa paradisiaca var. 
sapient11m Kuntze, ( common banana in Flori
da ) . At present it is not known how many 
physiological races of the burrowing nematode 
are involved in the spreading decline disease 
of citrus, but the existence of such races could 
expbin some of the variation that occurs in 
the severity of disease expression among af
fected groves. In the search for resistant citrus 
rootstocks, it will be necessary to test prospec
tive plants against different populations of 
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burrowing nematodes from numerous loca0 

tions. 
Since one of the physiological races para

sitized both citrus and banana, it becomes 
necessary to determine which race is present 
before deciding whether or not infected ban
ana or other plants should be considered po
tential reservoirs of infection for citrus. Until 

there is some practical way to distinguish these 
races, it is necessary for growers to take ut
most precaution to avoid introducing any bur
rowing nematodes by planting infested orna
mentals in or next to citrus groves. The exist
ence of physiologic races of burrowing nema
todes does not minimize the gravity of the 
spreading decline problem. 

CITRUS ROOTSTOCK SELECTIONS TOLERANT 
TO THE BURROWING NEMATODE 

HAHHY w. FORD 

Florida Citrus Experiment Station 

Lake Alfred 

The purpose of this paper is to report the 
evaluation of certain rootstock material that 
seemed to show resistance to spreading de
cline. Spreading decline caused by the bur
rowing nematode Radopholus similis (Cobb) 
Thorne (7) generally affects all citrus root
stocks used commercially in Florida. Between 
1951 and 1955, a total of 54 trees were found 
that appeared healthy although surrounded by 
decline trees. The trees were reported by Ex
periment Station personnel, extension workers, 
production managers, growers, and inspectors 
of the Florida State Plant Board. Most trees 
were eliminated as possible burrowing nema
tode resistant candidates after a preliminary 
inspection, A few trees showed potentialities 
worthy of intensive study for burrowing nema
tode resistance. 

METHODS 

The feeder roots of each tree recommended 
for study were sampled for the presence of 
the burrowing nematode by the root incuba
tion technique suggested by Young ( 10). A 
feeder root distribution pattern was compiled 
for comparison with a representative standard 
for healthy trees. The method of root sampling 
is described in another pape1 ( 4). Trees were 
accepted as candidates for the test program if 
the root profile compared -favorably with that 
of a healthy tree even though burrowing 
nematodes were found associated with the 
roots. Forty-four of the 54 candidates were 
eliminated by this test. 

Florida Agricultural Experiment Station Journal 
Series No. 55 1. 

Ten trees were entered in the test program. 
The sweet orange scions of two trees were sus
pected as the source of the tolerant factor and 
were therefore included in the test program 
and coded sweet oranges E and F. Two trees 
were seedling sweet oranges and were coded 
sweet oranges G and H. One tree was a seed
ling of Cleopatra mandarin and coded Cleo
patra I. The rootstocks of four of the trees ap
peared to be rough lemon and were coded 
rough lemon. The abbreviated designations 
were RL-A, RL-B, RL-C, and RL-D. The 
rootstock of the last candidate was unidenti
fiable as a common citrus species and was 
coded Clone X. 

In order to obtain test material, roots of 
the desired tree were severed and both cut 
ends of each root lifted above the surface of 
the ground and tied to stakes .. Five to 40 per
cent of the severed roots of rough lemon and 
five to 12 percent of sweet orange stocks pro
duced sprouts. The sprouts were permitted to 
grow until eight to 15 expanded leaves were 
present. The sprouts were removed and cut 
into leaf bud cuttings by severing the stem 
above and below tqe bud with pruning shears. 
Henceforth the term cutting will be used in 
this report to indicate a rooted leaf bud cutting 
in which the bud has developed into a leafy 
shoot. The propagating procedure is con
tained in a separate report by Ford ( 3). 

Root sprouts of promising candidates have 
· been topworked to older citrus trees to obtain 
seed to determine if the nematode tolerant 
factor is seed transmitted. 

The following tests were performed to eval
uate the material: I. A candidate rootstock 
clone was first evaluated by compiring the 
growth of six cuttings planted in sub-soil in-
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fested with the burrowing nematode and six 
cuttings in non-infested citrus grove sub-soil. 
Separate 1.25 gallon containers were used for 
each cutting. The containers were placed in a 
water cooled temperature tank that maintained 
the soil temperature at 78° F. The plants in 
each container of decline soil were inoculated 
three times with burrowing nematodes ob
tained from different commercial groves. The 
cuttings were permitted to grow for three to 
six months depending on rate of growth and 
time of year. 

II. Six Clone X cuttings were planted in 
containers filled with steam sterilized soil. 
Two hundred hand picked burrowing nema
todes were placed on the roots of each plant 
and permitted to develop for six months. 

III. Six months old cuttings of RL-A, RL-B, 
and Clone X were budded with Parson Brown, 
Valencia, and grapefruit scions by using a 
patch bud technique ( 2). Three to six months 
after budding, the plants were tested for 
growth and nematode infestation in the tem
perature tank. 

IV. Sweet orangy E and sweet orange F 
were budded on susceptible rough_ lemon seed
lings to determine if nematode tolerance in 
the roots could be induced bv the scion of a 
budded tree. · 

V. Twelve cuttings of RL-A, RL-B, and 

Clone X were grown in decline sub-soil to 
determine the influence of N and K on the 
population of burrowing nematodes. Two 
levels of N and K in factorial combination 
were applied as nutrient solutions twice weekly 
for four months. The following concentrations 
in ppm were used: N, 25 and 200; K, 0 and 
300. Also, 24 cuttings of Clone X were di
vided into two groups. One group was planted 
in burrowing l}ematocle infested soil and the 
other in non-infested soil. Each group was 
sub-divided into two groups of six plants each 
to which two levels of N were applied. Nitro
gen at 25 and 210 ppm in the nutrient solu
tion was applied twice weekly. 

VI. The ability of the nematode to pene
trate the feeder root, lay eggs and reproduce 
was determined by an aceto-osmic staining 
procedure developed by Tarjan and Ford ( 8). 
Rooted leaf-bud cuttings of clones RL-A, RL
B, and Clone X were planted in ·sterilized soil 
in separate petri dishes with a one half inch 
sr1uare of No. 41 Whatman filter paper under 
the root tip. Twenty-five female burrowing 
nematodes in 0.3 ml. of watel' were placed on 
the root tip and covered with a layer of soil. 
The inoculated roots were stained and cleared, 
after two to 26 days at 78° F. under artificial 
light, so that nematodes and eggs could be 
seen inside the roots. 

VII. The number of eggs in the cortex and 

Table 1. Root distribition of the parent tree of selected root
stock clonp,s as coml)ared to susceptible roueh lemon, 

Rootstock clone Feeder roots in indicated 10 inch depth zones 
0-10 10-20 20-~0 30-:\P tJ0-20 20-6:> 

Clone X 9.2 11,2 16.0 12.6 8.8 5.9 

Rough lemon B 1.9 .9 6,0 E.4 3.6 1.6 

Ilcui.:;h lemon C 3.0 1,2 1.9 .5 .2 .1 

Rouch_ lemon n .3. 9 2.2 4,1. .3 • .3 .9 • .3 
b 

Rowh lemon ...........__ __ (Ched:) I •• 7 2,1 5 • .3 4,3 3.7 2.0 

a Mean of 4 sa,ri~les to a depth of 5 feet expressed as !'Tarns dry wei::-:ht in a 
col1.L'7l!l. one foot squ.<?.re, 

Total 

63.7 

20,4 

6.9 

15,0 

22.1 

b l-'.ean of 1?.0 trees 25 years old in soil not infested with spreadinr decline, 
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stele of the feeder root of Clone X as com
pared to RL-A was determined by comparing 
single roots from a cutting of each clone 
placed together in a petri dish. Fifty female 
burrowing nematodes were placed between 
the two roots and incubated for four days after 
which the roots were stained and cleared. 

VIII. From October 1955 to January 1956, 
fruit samp]es were collected from the Parson 
Brown scion of Clone X and compared with 
Pai'.son Brown on rough lemon. Measure
ments were made of internal fruit quality. Ap
pearance and palatability were evaluated by a 
panel. 

'.l'able 2, Growth and E,. similis population of cuttincs from selected root
stock clones after 3-4 months in temperature tank~ 

Clone 

Rouch lemon .".. 

Rough lemon B 

.~ourh lemon C 

Rough lem,on D 

Sweet Orange i:c 

S t ,-_ F'c wee -1.1.·ange _ 

Sweet Orance Gd 

Sweet Oranre 1:d 

C 
Cleoi:,atra I 
se<cdlin£' 

Clone X 

Soil 
Condition 

Infested 
Non infested 

Infested 
Non infested 

Infested 
Non infested 

Infested 
Hon infested 

Infested 
Non infested 

Infested 
Non infested 

Infested 
Hon infested 

Infested 
::on infested 

Infested 
Hon infested 

Infested 
Non infested 

Shoot Growth Fresh wt. 
cm. Shoot 

(grams) 

45 
48 

1,7 
51 

39 
44 

43 
51 

29 
38 

29 
35 

1,, 
9 

5 
7 

10 
24 

28 
27 

28 
30 

34 
37 

32 
35 

/.,,6 
55 

9 
12 

16 
22 

4 
7 

3 
4 

2 ' 
5 

/45 
37 

a 
l'.ean of 6 plants fron separate containers. 

b Incubated in fruit ja.rs for 48 hours. 

Fresh wt. 
Roots 
(grams) 

21 
26 

25 
31 

23 
28 

61 
(:h 

7 
12 

13 
16 

4 
5 

2 
3 

1 
3 

10 
•. . 1,,,, 

3? 

c '.::he scion of a tree being tested af.' a potentiaJ. root~toc~,. 

d Parent plant a sel')dlin.r;- tree. 

e Standard deviation of the mean. 

Number b 
R, similis 
per cutting 

?.01 a 113 

123 :!:. 75 

352 :1:. 203 

25 :1:. ll 

37 :I:. 16 

39 :1:. 21 

/_,]. ±. 18 

24 ±. 7 

3 ± 3 
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Table 3. Growth and R. s:unilis population of Clone X cuttings in steam 
sterilized _soil~ated with 200.E. silnilis per plant.a 

Treatment 3 months 6 months 
Shoot growth Shootratiob Number¥ Shoot growth Shoo:tratioDNumberc 

Root R, silnilis Root R. similis c:m. c:m. 
ner cuttin1:1 ner cutt-:i,.,,. 

Inoculated 21 .9 2 :t. 2 49 .9 1±1 

Untreated 19 .9 47 .8 

a Mean of 6 plants from separate containers. 

b Fresh weight of shoot divided by fresh weight of roots. 

c Pl.ants removed from containers and roots incubated in fruit jars for 48 hours. 

RESULTS 

In Table I feeder root measurements of the 
parent trees of four rootstock candidates grow~ 
ing in decline soil are compared with the root 
density of trees on ordinary rough lemon in 
non-infested soil, Rough lemon B had a root 
density comparable to a healthy tree to a 
depth of five feet while Clone X had three 
times the root density of ordinary rough lemon. 

The growth and burrowing nematode in
festation of cuttings taken from 10 candidate 
rootstock clones is shown in Table 2. Shoot · 
growth of RL-A and RL-B was reduced seven 
percent by the presence of the burrowing 
nematode. Both rough lemon clones supported 
a population of burrO\,ving nematodes com
parable to spreading decline susceptible 
rough lemon. There was no reduction in shoot 
length or root weight of Clone X when grown 
in burrowing nematode infested soil and the 
population of burrowing nematodes was re
duced to a very low level in all replicates of 
the test. 

Nematode survival and plant growth when 
200 hand picked burrowing nematodes were 
placed on the roots of six individual cuttings 
of Clone X in sterilized soil are shown in 
Table 3. After six months, the burrowing 
nematode population had disappeared from 
the roots of 50 per cent of the cuttings and 
one to three nematodes were found on the 
roots of the remaining plants. There was no 

depression of growth by the burrowing ne
matode. 

The effect of a budded scion on nematode 
survival and plant growth of RL-A, RL-B, and 
Clone X is presented in Table 4. Growth com
parisons between grafted combinations of the 
different clones are not entirely valid because 
all of the tests were not ·performed at the same 
time. Growth of grapefruit and Parson Brown 
scions on RL-A was reduced 10 and 18 per
cent respectively. The Valencia bud on RL-B 
was taken from the parent tree of RL-B so 
that the budded combination was genetically 
the same as the original tree in the field. This 
combination showed a 10 percent reduction 
in growth. The growth, of cuttings of Clone X 
budded with Parson Brown from the original 
parent tree was not reduced in decline soil 
and the burrowing nematode population com
pletely disappeared. Studies of Ruby Red 
grapefruit and Temple budded on Clone X 
were in progress only two months when this 
manuscript was written. The burrowing ne
matode population consisted of two to four 
adult females. No larvae were present indi
cating that the nematode population was not 
increasing. Sweet orange E and sweet orange 
F when budded on susceptible rough lemon 
were retarded in growth 65 percent by the 
nematodes so that the results are not reported. 
Unbudded cuttings of sweet orange E and F 
were also reduced in growth (Table 2). The 
data indicate that the two sweet orange clones 
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Table 4 Growth and E• ~ population of budded rootstock cuttings~ 

Graft com- Scion Soil 
bination Condition 
Rootstock 

Rough lemon A Grapefruit, Infested 
Non infested 

Rough lemon A Parson Brown Infested 
Non infested 

Rough lemon B Valencia0 Infested 
Non infested 

Clone X ' Parson Brown° Infested 
Non infested 

Clone X Ruby Red Infested 

Clone X Temple Infested 

a Yiean of 6 plants from separate containers. 

b Incubated in fruit jar for 48 hours. 

Duration Shoot growth Fresh wt. Number b 
(months) cm. of plant Jl. sim.ilis 

{!:!ams l :12er cutting 

3 13 21 75 t. 47 
14 28 

3 35 97 156 :t. 81 
43 124 

3 26 84 z 23 
29 

4 29 l12 0 
JO 103 

2 2 t. l 

2 4±1 

c Combination genetically the same as original tree found in the field . 

do not have nematode tolerant characteristics 
that originate in the top of the trees as orig
inally suspected. 

The effect of N and K nutrition on nema
tode infestation of the host has attracted the 
attention of several workers ( 1, 5, 6). Oteifa 
( 5) found that nutrition was of considerable 
importance in determining the development 
time of root knot nematodes Meloidogyne in
cognita. 

Nitrogen and K levels had no significant ef
fect on the burrowing nematode population of 
RL-A, RL-B, and Clone X so that the results 
are not reported. The growth of Clone X cut
tings was modified, by increased N and K, 
from that reported for citrus in sand culture 
( 9). Additional studies are in progress to 
evaluate the effect of nutrition on growth of 
Clone X cuttings. 

The effect of N level on growth of Clone . X 
in infested as compared to non-infested citrus 
grove sub-soil is shown in Table 5. Shoot 
growth was not affected by the burrowing ne
matode infested soil condition at either of the 
two N levels. 

Studies of burrowing nematode activity by 
staining in situ indicated that reproduction of 
burrowing nematodes was depressed in the 
cortex of the feeder roots of Clone X cuttings 
as compared with the cortex of RL-A, RL-B 
or ordinary rough l_emon cuttings. .Oc
casionally nematodes penetrated the stele 
of Clone X and after 21 days there was an in
crease in the nematode population. There was 
no indication of an exit of nematodes from the 
stele. No burrowing nematodes penetrated the 
stele of RL-A, RL-B or rough lemon under the 
conditions of this experiment. Eighty-five tests 
were made on the rough lemon clones. Ap
parently there is a difference between species 
from the standpoint of burrowing nematodes 
entering the stele. Nematodes were found in 
the stele of pummelo, for example. 

A detailed comparison was made between 
Clone X and RL-A by placing female burrow
ing nematodes between single roots from each 
clone. The results of this test are shown in 
Table 6. There were 60 times more eggs in 
the cortex of RL-A than in the cortex of Clone 
X. In the cortex of RL-A eggs were scattered 
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throughout the tissues while in the cortex of 
Clone X all eggs that could be found were 
close to the body of the nematode. When ne
matodes penetrated the stele of Clone X, a 
condition that occurred in 11 percent of the 
samples, considerably more eggs were found 
per nematode. 

A panel of Experiment Station personnel 
preferred the external fruit appearance of Par
son Brown on rough lemon to that of Parson 
Brown on Clone X. However the panel pre
ferred Parson Brown on Clone X for eating 
quality. Juice characteristics of Parson Brown 
on Clone X and rough lemon are shown in 
Table 7. 

DISCUSSION 

RL-A was secured from the rootstock of a 
Valencia orange tree in Lake Alfred that had 
been in spreading decline infested soil for four 
years prior to 1951. Dense foliage covered the 
tree with leaves of normal size which was in 
marked contrast to adjacent trees with symp
toms of spreading decline. The grove was 
pulled before the burrowing nematode was 

identified as the cause of spreading decline. 
. RL-B, the rootstock of an 18 year Valencia 
tree from a grove in southern• Polk County 
was transplanted into spreading decline soil 
in 1941. Thus the feeder roots have been in
fested with the burrowing nematode for at 
least 14 years. The tree was considerably 
larger than surrounding decline trees even 
though some feeder root damage was detected. 
Below five feet the root• density fluctuated 
considerably during a one year period. 

The results of growing plants of RL-A and 
RL-B under controlled conditions in infested 
soil and inoculation of individual roots in 
petri dishes indicate that the two rough lemon 
clones are reasonably tolerant to the damage 
of the burrowing nematode. The number of 
burrowing nematodes and the damage within 
the root cortex of the two tolerant clones are 
comparable to susceptible rough lemon. The 
nature of the tolerance of these rough lemon 
clones is not understood; however, the rapid 
rate of shoot growth and development of new 
feeder roots is probably an important factor. 

Table 5. Effect of Non ~ro,th and R. similis population of Clone~ 
cuttincs in inf~ste:l. and r.on infested soil after 3 months in 
temperature tank~ 

Trea.tmentb Soil Shoot growth Shoo:tratioc 
Condition cm. Root 

Low N Infested 26 1.3 

Non infested 23 1.3 

High N Infested 29 1.0 

Non infested 27 .8 

Significance N,S, N,S, 

a Hean of 6 plants from separate containers. 

b 25 ppm and 210 ppm of N respectively applied twice weekly, 

c Fresh ·weight of shoots divided by fresh weight of roots. 

d Roots incubated in fruit jars for 48 hours. 

r-!umber d 
Ii, similis 

er cut.tin . 

6 ±. 3 

3 ±. 2 

N,S. 
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Table 6. Number of B,. similis and eggs found in feeder roots of Clone X a 
and Rough lemon A cuttings four days after nematode inoculation • 

. • 

Cortexb Stele0 Rootstock g. simllis Eggs g. similis Eggs 

Rough lemon A 10.1 97.2 

Clone X 5.2 1.6 .3 9 

Significance * ** 
t.s.D. at .05 .3.1 21.2 

'l. 
Fifty female btn-rowing nematodes placed between a feeder root of Clone X 
and a feeder root of Rough lemon A in a petri dish. 

b Mean of .35 replicates in which the nematodes invaded the cortex. 

c The mean of 4 replicates in which the nematodes invaded the stele. 

•* Statistical significance at 5 percent level. 
•• Statistical significance at l percent level. 

It is conceivable that the burrowing nematode 
could damage RL-A and RL-B under poor 
grove management practices. This possibility 
will have to be evaluated under field condi
tions. At the present time RL-A and RL-B are 
propagated by cuttings although an evalu
ation of seed propagation is in progress. It is 
essential that the seed produce a very high 
percentage of nucellar plants as assurance that 
the rootstock will be genetically the same as 
the original parent. Tests for susceptibility to 
tristeza and xyloporosis are in progress. 

Clone X, a rootstock that has not been iden
tified, is resistant to the burrowing nematode 
found in citrus groves. The clone is not com
pletely immune because nematodes penetrated 
the feeder roots and in 50 percent of the 
plants one to .four nematodes survived three 
to six months. In every test conducted with 
cuttings of Clone X, the rate of growth in ne
matode infested soil was equal to or better 
than in non-infested soil. Laboratory studies 
indicated that the resistant factor was con
fined to the root cortex and had a detrimental 
effect on the eggs laid by the nematode. 

The 25-year-old parent tree of Clone X 
was discovered in a grove near Davenport, 

Florida in 1954. The tree was 16 feet high and 
yielded six boxes. Root samples taken at the 
periphery of the tree over an 18 month period 
were devoid of burrowing nematodes. Feeder 
roots from the four adjacent trees were al
ways found to harbor the nematode. With the 
exception of an area nine feet square near the 
southeast corner of the tree, feeder roots of 
adjacent rough lemon trees did not penetrate 
the dense root system of Clone X. The re
sistance of the feeder roots to the burrowing 
nematode and the dense nature of the root 
system suggests that the stock may also be 
of value as a biological barrier against the 
spread of the burrowing nematode. 

Fruit of Clone X are not available at the 
present time so that all progeny have been 
obtained from leaf bud cuttings. The clone is 
more difficult to propagate and grows slower 
than rough lemon. The leaves appear to be 
resistant to anthracnose caused by Colletotri
chum gloeosporioides Penz but susceptible to 
sour orange scab caused by Elsinoe 'Fawcetti 
Bitancourt and Jenkins. In containers, the roots 
were more frequently damaged by excess 
water than roots of rough lemon. 

The reaction of Clone X to other diseases 
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such as tristeza and xyloporosis is unknown 
at present. The stock should be evaluated in 
the field for general horticultural characteris
tics before being recommended for use in 
Florida citrus groves. 

SUMMARY 

Between 1951 and 1955 a total of 54 trees 
were found that appeared healthy although 
surrounded by decline trees. Most trees were 
eliminated as potential burrowing nematode 
resistant candidates after a preliminary in
spection. Ten trees were entered in the test 
program. 

The results of growing cuttings of candi
date clones in spreading decline infested soil 
and inoculation of individual roots in petri 
dishes indicated that two rough lemon clones 
were tolerant to the burrowing nematode 
even though a high population of burrowing 
nematodes was found on the roots. Growth 
of plants was reduced 10 to 18 percent. 

A third rootstock, that has not been identi
fied, was found to be resistant to the burrow
ing nematode infecting citrus groves. Plant 
growth was not reduced in infested soil and 
the population of burrowing nematodes al
ways decreased and frequently disappeared. 
The resistant factor was found to be confined 

to the root cortex and had a detrimental ef
fect on the eggs laid by the nematode. The 
absence of information on general horticultural 
characteristics, mineral nutrition, tristeza and 
xyloporosis, indicate that field tests must be 
evaluated before this clone can be recom
mended for planting in Florida citrus groves. 
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Table 7. Juice characteristics of Parson Brown on Clone X compared to 
Parson Brown on rough lemon, 1955-56, 

Rootstock Date Juice by Soluble Acid Soluble Mgs. Vitamin 
\./eirht Solids cf Solids to C/lOOMl.s. p 

cf 
p 'f, Acid 

Ratio 

Clone X Oct, 7 52,0 9.2 1,10 8,3 (R.2 

Rough lemon Cct. 7 50.7 9.4 1.21 7.7 58.4 

Clone X l:ov, 8 54.6 10,3 1,05 9.8 55.0 

Rou2;h lemon l'ov. 8 50,9 10.1 1,27 7.9 55.0 

Clone X Dec, 13 50,0 11,4 .97 11.7 63,1 

!lough lemon r:ec. 13 5/+o 7 10.7 ,94 11.4 60.0 

Clone X Jan, 3 53.8 11.8 .81 14,6 6(,1 

Rour,h lemon J:i.n. 3 58.8 11,4 .88 13.0 61,.,6 
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THE NEW 4-H CLUB PROGRAM FOR CITRUS 
PRODUCTION TRAINING 

JACK T. McCowN 

Florida Agricultural Extension Service 

Gainesville 

Agricultural progress in America during re
cent decades has been astounding. Looking 
at agricultu_ral history it can be seen that this· 
progress is closely associated with the em
phasis agriculture has placed on developing 
its youth. Major agricultural enterprises have 
had specific programs to inspire youth. This 
is a part of the citrus industry that is lacking 
today. Realizing that many boys do not have 
the opportunity to study citrus the Agricul
tural Extension Service is expanding its citrus 
youth program to meet this need. This paper 
will outline the Extension· Service's citrus 
youth program in order that you may become 
better acquainted with its aims and objec
tives. The Extension Citrus Advisory Com
mittee which plays an important part in de
veloping this program, has outlined a 5-year 
project for 4-H Club boys wishing to become 
more intimately acquainted with the industry. 
The 5-year program as outlined below will 
meet all requirements for a 4-H Club project. 
Upon completing each year's requirements, 
the youth may continue his work toward the 
following year's requirements without wait
ing for an end of a calendar year. 

The requirements for the first year are: 
1. Map a 10-acre bearing grove showing 

the location of ( 1) healthy trees, ( 2) missing 
trees, ( 3) dead trees, ( 4) diseased trees, ( 5) 
young resets. 

2. When the map is completed, it should 
show the total number of trees in the blocks, 
the number of healthy trees, and the number 
of diseased, dead and missing trees. 

3. Be able to identify citrus fruits that 
have been injured by ( l) rust mites, ( 2) scale, 
( 3) melanose. 

4. Plant a citrus seedbed either as an 
individual home· project, or in . a cooperative 
club project. Discuss size and location of 
your seedbed with your local leader, or Ex
tension Agent. ( Minimum size of seedbed 
to be determined.) 

5. Keep neat and accurate records in a 
record book, showing the work that has been 
done, and write a story about your citrus ac
tivity. 

SECOND YEAR'S REQVIREMENTS 

1. At least 6 months after completion of 
the first year map, make another map show
ing the location of (I) healthy trees, ( 2) 
missing trees, ( 3) dead trees, ( 4) diseased 
trees, ( 5) young resets. 

2. When the map is completed, it should 
show the total number of trees in the block, 
the number of healthy trees and number of 
diseased, dead and missing trees. Refer to 
your first year map and copy the comparable 
figures and set them down below the first 
year's figures. Note whether the general con
dition in the grove is ( 1) improved, ( 2) 
worse, ( 3) the same. Mention the progress 
of the grove in the story at the end of the 
year. 

3. Be able to identify early, midseason and 
late oranges, two kinds of grapefruit and one 
kind of tangerines. It is not necessary to iden
tify by variety, hut the club member should 
be able to examine the fruit and determine 
whether it is early, midseason or late. 

4. When the seedbed is between 12 and 18 
months old, line out the seedlings. Discuss 
location of nursery and its size with the local 
leader or Extension Agent. 

5. Be able to identify 5 pests of citrus (may 
be insects, diseases or both). 

6. Keep neat and accurate records and 
write a story on the. second year's citrus ac
tivity. 

THIRD YEAR'S REQUIREMENTS 

1. About 9 months after making the second 
map, make a third one the same way. 

2. Determine the number of skips in the 
IO-acre plot clue to missing, dead, or diseased 
trees. From this figure, calculate the per
centage of trees missing. The percentage of 
crop loss in the grove would be about the 
same. Knowing what price per box the fruit 
brought, calculate the financial loss to the 
grower. 
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3. Bud the nursery. The 4-H Clnb mem
ber should demonstrate to the local leader or 
the Extension agent his ability to bud and 
properly care for the nursery. The budded 
trees should be properly labeled. Certified 
budwood should be secured if possible. If 
certified budwood is used, the buds should 
be selected and the budding done under direct 
supervision of the leader and the State Plant 
Board representative. 

4. Be able to identify and know the ap
proximate harvest season-whether early, mid
season or late-of the following citrus fruits: 
Oranges-Parson Brown, Hamlin, Navel, Pine
apple, Jaffa, Valencia, Lue Gim Gong. Grape
fruit-Duncan, Marsh Seedless, Foster Pink, 
Thompson Pink, Red; Tangelos - Orlando, 
Minneola, Thornton; MisceUaneous, one 
variety of lemon, Persian (Tahiti) lime, Mer
cott. 

5. Be able to identify four insects and 
three diseases that are of economic import
ance in citrus production. 

6. Keep neat and accurate records and 
write a story of the year's activities. 

FOURTH YEAR'S REQUIREJ\IENTS 

1. Be able to identify leaf symptoms of the 
following mineral deficiencies in citrus: nitro
gen, magnesium, zinc, manganese and iron. 

2. The club member should be able to 
demonstrate his ability to stake out a grove 
for planting. 

3. Sell or plant out the nursery trees. Learn 
to plant nursery trees in the grove by plant
ing under the supervision of the club leader 
or Extension agent. Keep a record of how 
these trees are cared for the first year. In
clude dates for each operation, including 
amount of water per tree, banking, planting 
cover crop, analysis and amount of fertilizer, 
insect and disease control. 

4. Be able to identify five citrus insects and 
four diseases and tell how they can be con
trolled. 

5. Explain what is meant by the "on tree" 
price growers get for citrus. Keep a record of 
"on tree" prices for one season from October 1 
to June -15 for oranges and grapefruit. ( Con
tact the same grower, grove caretaker, or cash 
buyer once each week and ask him the "on 
tree" price. Record this information _ in table 
form in the record book, showing if it is early, 
mi<lseason or late fruit prices.) 

FIFTH YEAR'S REQUIREMENTS 

1. Keep the following record on a bearing 
grove from September 1 to August 31. Fertili
zation: date, analysis, number of pounds per 
tree, method of application. Actually be on 
hand and watch the entire operation for at 
lea·st one application. Know how to correct 
or prevent nitrogen, magnesium, manganese, 
zinc and iron deficiencies. 

Spraying: Date, what is being sprayed for, 
materials used in the spray, approximate gal
lonage or pounds of dust per tree. 

Cultivation: Date, kind ( disc, plow, acme). 
Cover crop: Date planted, kind and seed

ing rate per acre ( if not volunteer). Know 
why cover crops are needed in Florida citrus 
groves. Observe harvesting operations and 
spend at least half a day with a picking crew. 

2. Know what "top working" means and 
how it is done. 

3. Draw a floor plan of a fresh fruit pack
ing house, single strength, sectionizing plant 
or concentrate plant · and know the funda
mentals of their operation. 

4. Keep neat and accurate records and 
write a story of the_ year's activity. 

By providing this type of program we 
should achieve many objectives. First of all, 
the youth, through his association as a 4-H 
Club member would develop his leadership 
abilities. (2) Such a program would inspire the 
boy's interest in citrus through a closer associa
tion with many segments of the industry. ( 3) 
Provide the citrns industry with better trained 
personnel upon completion of this project. ( 4) 
Prepare some of these young men to achieve 
a better job by becoming better skilled. ( 5) 
Inspire a desire in some to further their educa
tional training by attending college. 

Now comes the question of what course of 
action must be taken in order that we may 
achieve these aims and objectives. A 4-H Club 
member who enrolls in a citrus project will 
through his local leader or county agent's 
leadership be made aware of the require
ments necessary to carry on a project for 5 
years. He will also be instructed in the pro
cedure of keeping records, as a project record 
book will be provided outlining each year's 
work. Upon completion of a year's project, 
several boys will be selected from each county 
to attend the annual Junior Citrus Institut~. 
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This Institute is held at 4-H Camp Cloverleaf 
for the purpose of putting a final touch to the 
citrus project work for the year. Attending 
the Institute will . be an award for the boy do
ing the best project work in his county. The 
Junior Citrus. Institute this past year was 
jointly sponsored by the Chilean Nitrate Edu
cational Bureau of Orlando and Dolomite 
Products Inc., of Ocala. In addition to the 
Junior Citrus Institute, we are preparing to 
promote additional interest among the club 
members in citrus by providing fruit judging 
contests and similar activities at the various 
county fairs throughout the state. At this 
time the boy will also be given the oppor
tunity to participate in insect, disease and 
other identification contests. 

It is important that the citrus industry take 
part in devdoping this program. Men in the 
industry can be of help by showing an interest 

and taking an active part in local project 
work. We may also inspire the youngsters 
through encouragement and recognizing a job 
well done. In some instances financial aid may 
be necessary for clubs to develop local proj
ects. Examples would include: nursery 
projects, small groves for demonstration pur
poses, tours and training schools. Organiza
tions and individuals may help by making 
available funds for this purpose. We feel that 
the program outlined will be successful. How
ever, greater goals may be achieved if we rea
lize the importance of · such a youth program 
and show nn interest by putting forth a con
certed effort to insure success. The young 
people of Florida are a part of the citrus in
dustry. Let us prepare them to accept its fu
ture responsibilities in order that our industry 
may continue to be a leader among the various 
American agricultural enterprises. 

FIELD OBSERVATIONS OF SEVERAL 
METHODS OF MANAGING CLOSELY 

SET CITRUS TREES 

F1mo P. LAWRENCE 

Florida Agricultmal Extension Service 

Gainesville 

ROBEnT E. Nonms 

Florida Agricultural Extension Service 

Tavares 

You will note from your program that the 
title of this presentation is "Field Observa
tions of Several Methods of Managing Closely
Set Citrus Trees." That title sounded simple 
enough when it was submitted to the program 
chairman but now that we have had more 
time to contemplate we are not so sure. For 
instance, how close is close? To help answer 
this question we turned to Webster's Colle
giate dictionary only to find more confusion 
than enlightenment. We were reminded first 
of all that it depends how you pronounce the 
word. If you put a "z" in the pronunciation
cloze-it means to "shut up" and considering 
the small amount of actual data we have, that 
might not be a bad idea. There are many 
other meanings, of course, but Definition No. 

25, having the parts near together, is the one 
that seems most appropriate for our use. 

Applying this definition, -consider first the 
citrus tree spacings of the various producing 
areas of the world. In Italy and other Medi
terranean countries citrus trees are usuallv 
spaced lO'xlO' or 10'xl2' which results in 300 
to 450 trees per acre. The Japanese orchards 
average 240 to 300 trees per acre. Egypt's 
predominant spacing is 12'xl8'; Peru 18'xl8'; 
Brazil 2l'x24' ; California 22'x22' and Florida 
25'x25'. 

The planting distance in a given area de
pends upon such things as variety, species of 
rootstock used, type and fertility of the soil, 
the length of the growing season, and, to a 
large extent, upon the attitude of the indi
vidual doing the planting. To illustrate the 
latter point it might be well to point out that 
quite a number of California growers, accord
ing to an article in the October '55 issue of 
Citrograph, are turning to what they call 
hedgerow plantings and some groves are 
planted as closely as 8xl0 which gives some 
490 trees per acre. 
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All of these plantings, or at least a major 
portion of them soon reach a point where the 
limbs and branches of the various trees inter
lock and overlap and unless special man
agement practices of pruning are applied the 
bearing surface of such trees diminishes and 
naturally the production declines in propor
tion. 

According to the best estimates available 
Florida has 497,400 acres of bearing trees, 
333,690 acres or 67% of which are 16 years of 
age or older. A great many of these groves are 
planted on spacings of 15x30, 20x24, 25x25 
and similar distances and if we apply defini
tion No. 25 to the word close we will find 
that most of these trees have their parts near 
together; hence we can apply the term close
ly planted and in need of some form of prun
ing. 

Time will not permit our discussing the 
varied and many methods of pruning em
ployed in the various citrus producing areas 
of the world-or even all of those practiced in 
Florida-so we will confine our remarks to 
some field observations of several methods of 
managing closely-set citrus trees; to narrow 
it down even more we propose to discuss 
briefly the following practices: 

l. Hedging 
2. Heading back 
3. Thinning by tree removal 
4. Topping-a form of rejuvenation prun

ing 
In fairness to those who may read this 

paper in the printed proceedings we should 
state that from this point on our talk will be 
illustrated with color slides and we shall at
tempt to present, as clearly as possible, a 
word picture . of these various methods of 
pruning. 

Despite the difficulties associated with 
crowded groves, very little pruning of any 
nature has been undertaken in Florida either 
to prevent or to correct the situation. This has 
probably been clue to the fact that earlier ex
periments suggested that pruning was an op
eration that contributed very little to over-all 
fruit production. In instances of moderate to 
severe pruning, a loss of fruit was noted With
out any apparent compensating effect on 
quality or fruit size. 

On the basis of these earlier experiments, 
recommendations were made that pruning 

should be confined to the removal of dead 
wood and occasional broken limbs. This 
recommendation, plus the fact that pruning 
is an expensive operation, has also brought 
about the situation that pruning in Florida 
until comparatively recently has been con
fined to the inside of the tree and to the re
moval of dead wood. 

Insofar as the records show, no effort has 
been made to limit · the size of citrus trees in 
Florida or to control crowding by judicious 
pruning of the periphery of the tree until some 
growers began to hedge tho periphery of their 
trees in the late 40's. 

1. Hedging of citrus is a form of pruning 
designed to facilitate grove management prac
tices and to improve the quality of fruit pro
-duced. It is a practice that is becoming in
creasingly popular among Florida citrus grow
ers as a way to alleviate the problem of over
crowding which ultimately results in a loss of 
production. 

Hedging provides a means by which the 
bearing surface of trees is reduced in area 
without greatly reducing their bearing ability. 
Indeed, in the case of some varieties, especial
ly tangerines, hedging actually increases the 
per cent pack-out of fresh fruit in the first 
crop following the pruning operation by in
creasing fruit size. Fruit color and textures 
also are often improved because of increased 
sunlight and more effective insect and disease 
control. 

One of the most valuable advantages of 
hedging, r,nd the piimary reason for its use 
in the first place, is to open the tree middles 
by removing interlocking branches. This al
lows for the movement of tractors, discs, spray 
and dust equipment and trucks through the 
grove without damage to the trees and fruit 
or to the equipment and operator. It speeds 
up grove operations generally, thereby reduc
ing cultural costs. 

If you would like additional information on 
hedging or plans for a hedging machine we 
suggest you obtain Experiment Station Bulle
tin 519 by D. S. Prosser and Extension Serv
ice Circular ll5 by R. E. Norris. 

2. Heading Back-This term and the type 
operation it implies is seldom used in Florida 
citrus; however, it is used rather extensively 
in the California lemon industry as well as 
throughout most of the other citrus producing 
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areas of the world. It consists of removing a 
portion of the tree at regular intervals in order 
to retain a rather constant size of the tree. 
There are certain advantages and disadvan
tages to this method of pruning but since it 
appears to be of little value under present 
Florida conditions we will pass over it. 

3. Thinning by tree removal-This is a prac
tice that has long been contemplated by 
Florida growers but one that has seldom been 
practiced. Numerous Florida groves planted 
during the last 30 years were spaced 15x,'30, 
or a similar distance with the idea of re
moving every other t;ee. Few growers, how
ever, have actually removed these trees and 
many have practiced little or no heading back 
or pruning of any kind, 

Only in recent years have some few grow-_ 
ers actually thinned their groves by removing 
trees in the closely-spaced rows. We regret 
that we do, not have more yield and cost data 
to present on these operations but the prac
tice is not general and accurate data is scarce. 
vVe do have slides of one complete operation 
to show and some yield and cost data on the 
one operation : 

The grove, consisting of a 10 acre block of 
Hamlins budded on rough lemon root, was 
planted in 1939 with a tree spacing of 15x25. 
The soil type is deep phase Lakeland fine 
sand. The trees were never headed back or 
hedged and as a result the limbs were inter
locked badly and many of the lower branches 
were dying as a result of shading. During the 
last 5 years production decreased, very mark
edly so during the past two seasons, which, 
as you know, were dry. During January and 
February 1956 every other row was removed 
by sawing the limbs off with a power saw and 
running all wood under 4 inches in diameter 
through a chipping machine. The stumps 
were treated with a tree killer ( without suc
cess) on two occasions and as a final effort 
the stumps were sawed level with the ground 
and a chopper nm down the row to remove 
all suckers. 

The crop has not yet been harvested but the 
owner estimates his crop loss at 25% over the 
previous year's yield. 

Some figures on the operation: 
The rows were 21 trees long-2 men cut 2 

rows per day. Two men could trim the large 
limbs-and stack the brush on 5 rows per day. 

It required 3 men 5 days to run all brush 
from the 10 acres through the chipping ma
chine. It took 4 men 3 days to haul out all 
limbs above 4 inches in diameter. It should 
be pointed out that this grove had a problem 
of no place to haul and burn the brush so it 
had to be disposed of in place. 

To dispose of the trees in the manner 
described the owner figured the total cost of 
the operation at $ 1.50 per tree. 

Of particular interest in the group of slides 
shown on this operation is the one showing 
how rapidly the remaining trees are filling in. 
Based on the progress the trees have made 
this year, it is believed that the grove will be 
back to normal production next year. 

Some comments on similar operations: 
Block B-Red grapefruit on rough lemon 

stock 10 years old was planted 12}h30 on 
Lakeland fine sand. Every fourth tree on the 
diagonal was sawed off flush with the ground 
with a pulpwood saw, dragged out and 
burned. The following year there was no 
noticeable reduction in crop. At 12 years of 
age ( next year) the grower plans to remove 
every other tree on the diagonal-thus reducing 
the spacing to 25x30 at -which time he will 
begin a . program of hedging. Based on pre
vious experience the grower feels there will 
be very little per acre loss in production-if 
any. 

Block C-Twenty-five year old Valencias 
on rough lemon stock were planted 15x30 on 
Eustis fine sand. The trees were very crowded 
so every other tree was "buckhorned," bull
dozed and replanted. The year before moving 
the production on the block was 4400 boxes. 
Fifty trees were removed and the following 
year the production dropped to 3960 boxes. 
The plan is to move 50 trees per year until 
the operation is completed. After the third 
year it is anticipated that the loss of 50 trees 
per year will not result in any loss of total 
crop produced. 

Some figures on this operation: 
It took 2 men Jf day to saw and re-saw 20 

trees; one man }f to whitewash (by hand) 20 
trees; one man one day to remove (by drag) 
the brush from 20 trees; four men, a bull
dozer, a flat truck and a water wagon one 
day to push, haul J~ mile and re-plant 20 trees. 
The total cost of labor for this operation ex
clusive of equipment was $2.60 per tree. 
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The re-set trees began bearing the second 
year at the rate of about }i box per tree aver
age and in the third year they were yielding 
a box average. The fourth year's yield will 
probably be between three and four boxes. 

And now . the last practice to consider-
4. Topping, a form of rejuvenation pruning: 
Rejuvenation pruning is a term used by hor

ticulturists to describe the objective of re
invigorating trees by stimulating more and 
better shoot growth and fruitfulness. This 
pruning must be severe enough to remove suf
ficient foliage to stimulate new growth over 
much of the tree. 

When enough of the -top is cut off, a 
growth response usually occurs throughout 
the woody framework. In order to produce, 
from pruning, an invigorating effect in a large 
old tree, it is necessary to make many small 
cuts or remove some of the large branches. 

The method we have chosen to report on 
is that of removing the complete top of old 
seedling trees at varying heights from ground 
level to eighteen feet. This, too, is a new 
practice in Florida and although again, facts 
and figures are not abundant, we have some 
slides that are at least interesting. This prac
tice might well be described as an act of 
desperation brought on in many groves by in
creased overlapping of limbs which resulted 
in a marked increase of pest and disease and 
a gradual dying of lower limbs. In some old 
seedling groves it is 10 to 15 feet from the 
ground to the first limb. The tops are sparse, 
the foliage is small, production is down and the 
cost of picking ( usually from a 40 foot ladder) 
is such that it makes the operation very ex
pensive. 

During the last ten years many growers 
have been experimenting with various meth
ods of pruning to try to alleviate this condi
tion. From these various methods of pruning 
we will discuss only the one wherein the en
tire top of the tree is removed. The data pre
sented is from two different blocks of old 
seedling trees owned by two different grow
ers. Both growers topped only a few trees in 
1947. Grower A started by topping trees in 
every other row at a relatively constant height 
of roughly 5 feet from the ground. Grower Il 
topped about 20 trees in a block. These trees 
were fopped from 1 foot to 15 feet in height. 

Grove A-Cut back every other row in 
January 1947 just after the fruit was picked. 
The trees were whitewashed immediately. 
They started to sprout. out in about six weeks 
and grew very vigorously the first year. The 
second year they put on only a few scattered 
fruit. The third year the growth was very 
dense and possibly because of the large trees 
on two sides, tended to grow upright but pro
duced better than a box average of fruit. By 
the fourth year it was obvious that although 
the trees had good big broad leaves and were 
growing vigorously, they would soon be back 
like the old trees so it was decided to cut 
back the trees on both sides of the row. Some 
trees bore as much as 8 boxes of fruit the 
fourth year. These trees ( as you can see by 
the slides) now have the characteristic ap
pearance of budded trees and are yielding 10 
boxes per tree. The new wood is quite thorny 
and some pruning to thin arid shape is neces
sary. 

Grove B-The initial operation was begun 
in February 1947. In this block it was noted 
that trees cut below 5 feet did not appear to 
come back as rapidly as did ones cut at a 
greater distance from the ground. Those trees 
topped above 5 feet were more difficult and 
expensive to handle in the original operation 
and did not respond any faster. It now appears 
that the trees cut 10 feet and higher will 
never "head-out" . low a~d will ultimately be 
right back like they were originally; whereas 
the trees cut at 5 to 10 feet take on the char
acteristics of budded trees and will apparent
ly remain relatively "low-headed" - provided 
they are hedged lo prevent inter-locking. Of 
special interest in Grove B was one particular 
tree that yielded 16 boxes the fifth year. All 
trees in Grove B are currently pr,oducing an 
average of 10 to 12 boxes of fruit. 

In summary we again wish to point out that 
the contents of this paper are purely the re
sults of field observations with no thought of 
making recommendations at this time. How
ever, it seems logical that in many instances 
of closely-spaced trees high production can 
be maintained or regained through one of the 
forms of . pruning outlined in this paper: 

I. Hedging: 
A comparatively new method of pnm

ing which is rapidly being adopted by 
Florida growers to relieve the. adverse ef-



58 FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

fects of crowding and shading found in 
most Florida groves 15 years old and older. 
Advantages: 
a. Increased effectiveness of pest control. 
b. Decreased damage to trees and equip

ment. 
c. Faster more economical grove opera-

tions. 
cl. Decreased dead wood. 
e. Increased "pack-out" of fresh fruit. 
f. Better sizes and better color of fruit. 
g. More attractive appearance of grove. 
Disadvantages: 
a. Usually a reduced yield for at least 

one year. 
b. A fairly costly operation ( varies from 

7lk to 78c per tree) 1 
/ 

2. Heading back: 
We have not observed enough of this 

type of pruning in Florida to offer any 
comments. 

3. Thinning by tree removal: 
As we have pointed out there are now 

quite a number of growers who have re
cently turned to this method of relieving 
a crowded condition but very few have 
adequate records (because of length of 

1 /Agricultural Extension Service Circular 115. 

time) to prove or disprove the value of 
the operation. It would appear from the 
limited operations we have observed that 
if a grower has access to additional land 
and in instances of healthy trees a new 
grove that will bear heavily in 4 to 5 
years can be established at an economic 
figure. 

4. Topping, a form ot re1uvenation pruning. 
It is too early to make positive state

ments relative to this operation; how
ever, it appears that by topping two or 
more rows per year (beginning on the 
outside row) this could raise production 
and reduce cost of harvesting in old 
canopied groves. 
Advantages: 
a. Reduces height of tree. 
b. Greatly improves tree vigor. 
c. Increases yield and size of fruit. 
cl. Produces increased cover crop growth. 
Disadvantages: 
a. Complete loss of crop for two years. 
b. An expensive operation. 
c. New trees quite thorny. 
d. lf trees are not whitewashed and cuts 

coated with water 1·epelling paints the 
trees will be weak and soon rot away. 

TIMING FERTILIZATION OF CITRUS IN 
THE INDIAN RIVER AREA 

HERMAN J. REITZ 

Florida Citrus Experiment Station 

Lake Alfred 

Several years ago, considerable interest was 
expressed in the relative value of various sys-_ 
terns of timing fertilizers. Partly as a result of 
this interest, several experiments were in
itiated to resolve this question. Some of the 
experiments conducted in Central Florida have 
been reported recently ( 3, 4). This paper 
presents the results of an experiment con
ducted at the Indian River Field Laboratory 
near Fort Pierce. The results agree with the 
other Florida data cited above in indicating 
that time of application of fertilizer is a 
relatively minor consideration, if the appli-

Fla. Agri. Expt. Sta. Journal Series No. 54G. 

cations are made during the drier part of the 
year. 

EXPERIMENTAL METHODS 

The experiment to be described was begun 
in January, 1949, and was terminated with 
the 1955-56 crop. The trees used were Val
encia oranges on sour orange rootstock planted 
on single beds in 1940. The soil in the ex
perimental area was classified Parkwood loamy 
fine sand with pH ranging from 6.8 to 8.3 in 
the surface and with pH values above 6.8 in 
all depths to 42 inches. The surface samples 
contained carbonates equivalent to about 14 
percent calcium carbonate and organic matter 
of approximately 3 percent. The soil also con
tained 12 to 30 percent clay plus silt (parti
cles less than 0.05 mm. in diameter) in various 
layers, thus being much finer in texture than 
soils used for citrus in Central Florida. In 
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this soil, the trees were known through 
measurement to have 75 percent of their fine 
root system in the upper 19 inches from the 
crown of the bed. 

The seven experimental treatments con
sisted only of variations in the time of appli
cation of mixed fertilizers during the year. Dur
ing each calendar year, every tree in the ex
periment received the same amount and 
analysis of fertilizer. The yearly total rates 
and analysis used were changed several times 
during the s;ourse of the experiment, as shown 
in Table 1. Rates were increased up to 1953 
to achieve a greener, more dense foliage, and 
increased further after 1953 to achieve greater 

Table 1. Amounts and analy1es of fert111zer used 
1n the experiment 

Year Analys1ola) Annual Rate, 
per tree 

~ 

1949 3-6-8-3-0-½ 16 

1950 3-6-8-3-0-! 20 

1951 4-6-8-5-0-! 20 

1952 5-6-8-5-0-½ JO 
1953 6-6-8-5-0-0 30 

1954 8-4-10-7-0-0 24 

1955 8-4-10-7-0-0 24 

yield, as was indicated might be possible by 
an adjacent experiment involving different 
rates of fertilization. The changes in analysis 
were influenced by trends in Central Florida 
fertilizer practice during the period. The tim
ing treatments were as follows: 

Treatment 1: 
All fertilizer applied February 15th. 

Treatment 2: 
One-half total fertilizer applied Febru

ary 15th and one-half June 15th. 
Treatment 3: 

All fertilizer applied May 1st. 
Treatment 4: 

One-half fertilizer applied May 1st and 
one-half October 15th. 
Treatment 5: 

All fertilizer applied October 15th. 

Treatment 6: 
One-half fertilizer applied June 15th and 

one-half applied December 15th. 

Treatment 7: 
One-third fertilizer applied February 15th, 

one-third June 1st, and one-third November 
1st. 

The schedule was adhered to within prac
tical limits. All the treatments were replicated 
four times, at first using six trees per plot. Later 
it became recognized that several of the trees 
were affected by crinkle scurf and that addi
tional trees were non-typical of the Valencia 
variety. These trees were then discarded and 
the results quoted are based upon the typical 
trees remaining in the plots insofar as this 
was permitted by the records. 

RESULTS 

Plot Observations-At the beginning of the 
experiment in January, 1949, the trees were 
somewhat small for trees nine years of age 
and also were showing the symptoms of low 
fertilization level. In August, 1949, a severe 
hurricane struck the grove and caused about 
90 percent defoliation on all trees and almost 
complete loss of the fruit crop. Throughout 
1950 and 1951, the foliage on all trees was 
light green and sparse, but this condition im
proved ~lowly throughout the period and was 
fairly satisfactory by the end of 1952. 
Through 1953 to the end of the experiment, 
all trees had satisfactory foliage conditions ex
cept when modified by treatments as noted 
below. 

The most conspicuous changes in tree ap
pearance were brought about by application 
of all fertilizer in October. In the last four 
years of the experiment, all trees so treated 
were notably earlier in blooming and coming 
into growth in the spring than other trees. The 
extreme example of this was observed Janu
ary 7, 1954, when approximately one-third of 
all trees so treated were in full bloom from 
leafless inflorescenses while the trees in other 
treatments were completely without bloom. 
Twig growth on these trees was also early 
in development, and the twigs were long and 
had many leaves per twig. These leaves in 
most years did not become dark green -as did 
leaves from other treatments, and in some 
years the trees became conspicuously nitrogen
deficient and sparse of foliage during the post-
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bloom and early summer season. In late sum
mer, some greening of foliage occurred even 
before fertilization, presumably due to break
down of organic matter in the soil. Trees given 
one-half the fertilizer in May and one-half in 
October were similarly but less conspicuously 
affected. 

Trees given all fertilizer in May were at 
the opposite extreme in appearance com
pared with trees fertilized only in October. 
These trees had limited spring growth, in num
ber of twigs or length of twigs, and this spring 
growth became dark green slowly. The bloom 
was sometimes very late, not reaching a peak 
in 1954 until about April 9, and not then be
ing profuse or conspicuous. The general leaf 
color in the post-bloom period was fairly dark 
green due to the color of the old leaves and 
the absence of new flush. In the early sum
mer period, the characteristic appearance of 
these trees was dull grayish green, the foliage 
was thin, and there were numerous dead twigs 
in the trees. During the late summer and fall 
the trees were of ~verage foliage appearance, 
but this was generally the case with nearly all 
of the trees except possibly those fertilized 
only in October. 

The general appearance of trees in all of 
the other treatments was not outstanding in 
any respect and the trees were fairly green 
throughout the year. · 

Tree Size-The circumference of the trunks 
of the trees in the experiment was measured 
first in August, 1950, and again in January, 
1956. The averages showed that the increase 
in trunk circumference was smaller for the 
trees receiving all the fertilizer in October 
than for any other . treatment. However, dif
ferences in neither the actual trunk circum
ferences nor in the increases during the period 
were large enough to be of statistical signi
ficance, indicating that the timing of fertiliza
tion had doubtful effect on tree size. 

Leaf Analysis-Leaf samples were taken for 
mineral analysis on a number of occasions dur
ing the course of the experiment, beginning in 
1952. In one series, samples of leaves from 
fruit-bearing twigs were collected from four 
of the treatments at approximately monthly in
tervals from March, 1953, to May, 1954. This 
less commonly used type of sample was select
ed because it was desired to study the nutri
ticmal status of leaves most closely t1ssociated 

with the fruit. It was coincidental that the 
severity of the leaf symptoms observed was 
greatest in the year that was picked for this 
study, so the differences found are doubtless 
greater than would have been found in other 
years. 

The analytical results for nitrogen are pre
sented in Fig. 1. These results correlate with 
the appearance of the b·ees. For example, the 
trees fertilized only in January and those 
fertilized three times per year maintained a 
reasonably good green color of leaves and 
relatively high nitrogen level throughout the 
entire period. The trees fertilized in October 
only appeared nitrogen deficient during the 
months of May, June, and July, and at that 
time had extremely low levels of nitrogen in 
the leaves. Also, leaves from trees fertilized 
in October only increased in nitrogen content 
and improved in appearance during the sum
mer althou_gh no nitrogen had been a?plied; 
after the fall fertilization, the nitrogen con
tent of these leaves greatly increased so that 
they were equivalent in nitrogen content to 
those of the January only plots and the plots 
receiving three applications. The trees fertil
ized in May only paralleled in nitrogen con
tent the trees fertilized in October only, up to 
the point when in May the fertilizer was ap
plied. After this application, the leaves in
creased markedly in nitrogen content but did 
not reach the level attained by the leaves in 
the January only or the three application 
treatments. This parallels the observation that 
while the trees fertilized in May only ha<l 
generally very dark green color, this was due 
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Fig. 1. Nitrogen analysis of leaves from fruiting 
twigs of selected treatments . 
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to the appearance of the old leaves and that 
the appearance of the spring flush leaves of 
1953 remained poor. It is also notable that as 
the 1954 flush of growth came out on trees 
fertilized in May only, the new leaves were 
lowest in nitrogen. It is assumed that data for 
trees receiving two applications per year 
would be intermediate between the extremes 
given here. 

Among other major elements, the most con- _ 
spicuous differences were in potassium and 
calcium. The treatment receiving all fertilizer 
in October was conspicuously high in potas
sium and low in calcium throughout the 
greater part of the year. The May only treat
ment was just the reverse. Differences in 
magnesium were erratic and differences in 
phosphorus were of small magnitude. 

As already noted, during 1954 and 1955 
there was very little difference in appearance 
of the trees regardless of treatment and this 
was reflected in leaf analysis. Table 2 shows 

Table 2. Analysis of spring 
non-fruiting twigs July 26, 

the analysis of spring flush leaves taken from 
non-fruiting twigs on two dates. This type of 
sample is more nearly the conventional sample 
taken in studies of leaf analysis. In most cases 
no significant differences were found. The 
most notable feature in Table 2 is the dif
ference in analysis between 1954 and 1955. 
In 1954, leaves generally were low in nitro
gen, phosphorus and potassium and high in 
calcium. 

Fruit Quality-In each year except 1952-53, 
at least one sample of fruit was picked for 
juice analysis. Part of these results are pre
sented in Table 3. Soluble solids in four of the 
six years for_ which records are available were 
highest for fruit from the trees fertilized only 
in October; however, the two remaining years, 
the soluble solids level was lowest. This shift 
in relative level of soluble solids appeared to 
be of some consequence as it was supported by 
a significant interaction between years and 
treatment when subjected to analysis of va-

flu.sh leaves taken from 
1954, and August 2, 1955 

LEAF ANALYSIS 

TREATMENT Nitrogen Phosphorus PotassiUJ11 Calcium Magnealum 

1954 1955 1954 1955 1954 1955 1954 1955 1954 1955 

Feb. 2.04 2.59 0.107 0.123 0.71 0.99 

Feb. and June 2.06 2.74 0.103 0.124 0.61 0.95 

May 2.17 2.54 0.109 0.123 o.68 o.89 

May and Oct. 2.17 2.4, 0.110 0.122 o. 72 0.94 

Oct. 2.14 2.47 0.116 0.114 0.73 0.94 

June and Dec. 2.20 2.52 0.111 0.122 0.74 0.82 

Feb., June and Nov. 2.16 2.52 0.108 0.124 0.67 0.98 

•statistical 
Significance (a) N.S. iHI- N.S. N.S. N.S. N.S, 

(a) N.S, - non-significant 

* - significant at 5% level 

* - significant at 1% level 

C - analysis run on composite samples only , 

7.18 5.77 0.173 0.195 

7.52 5.59 0.151 0.18.3 

7.31 5-89 0.176_0.198 

7.21 5.91 0.242 0.194 

6.74 6.02 0.194 0.206 

6.81 6.05 o·.219 0.186 

7.02 5.71 0.244 0.188 

* N.S. C 



62 FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

-----· -------
Table 3. Summary of fruit characteristics 
---·-·-

JUICE ANALYSIS FRUIT SIZE 
TREATMENT ·-----

0 Bri:x % Acid 

Feb. 11.73 1.06 

F'eb. and June 11.63 1.07 

May 11.70 lo03 

May and Oct. 11.48 1.09 

Oct. 11.63 1.07 

June and Dec. 11.63 1.06 

F'eb., June, and Nov. 11.62 1.06 

Statistical 
Signif1canee(a): 

Treatment!! N.S. N.S. 

Inters.ction -11-1!· N.S. 

(a) N.S. - non-significant 

* - significant at 5% level 

.- - significant at 1% level 

riance by split-plot methods, using treatments 
as the main plots and years as the sub-plots as 
suggested by Pearce ( 2). This would be in
terpreted to mean that the treatments had a 
real effect on soluble solids but that the effect 
varied to some extent depending upon the 
season. No significant difference was discov
ered in acidity or ratio of soluble solids to 
acidity although the trees fertilized entirely or 
partly in October were among those giving 
fruit with highest acidity and lowest ratio. 
Juice content was quite uniform and the dif
ferences were of no statistical significance in 
any case. Vitamin C was determined in only 
three years, but no differences of practical or 
statistical consequence were found. The in
teraction noted above for soluble solids 
(

0Brix) was not significant for any 1 other 
juice characteristic. 

0 Bri:x Diameter, Avg. Wt. 
% Acid mm. grams 

11.26 70.5 187 

11.04 71.5 196 

11.53 71.3 187 

10.72 71.6 200 

10.95 73.1 203 

11.05' 71.7 193 

11.14 71.0 193 

N.S. * * 
N.S. N.S. * ·--------------

Fruit Size-One of the more noticeable ef
fects of the treatments was the effect of the 
October treatment in producing fruit of larger 
than average size. This effect was noted 
strongly in the crops picked in 1952, 1954, 
and 1955. Measurements were taken of this 
characteristic by two methods, first, as the 
measured diameter of the fruit on the tree in 
1951, 1952, 1954, and 1955, and second, as 
the average weight of the fruits which were 
sampled for fruit analysis in 1954, 1955, and 
1956. The summary of both weight and diam
eter measurements is given in Table 3. Size 
differences were more noticeable in the diame
ter measurements. These measurements of 
diameter made in the field were largely done 
in the early years of the experiment while the 
weight measurements were done in the last 
three years of the experiment. Here ~gain it 
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is noted that the greater effects were obtained 
in the earlier years of the experiment than in 
the later ones. The significant interaction of 
fruit weight with years reflects relatively larger 
fruit in the October plots in 1954 than in 1955 
and 1956. 

External Characteristics uf the Fruit -
Studies were made on color .and grade of 
fruit, both in the field and to a limited extent 
in the Citrus Experiment Station packing
house at Lake Alfred. It was observed on 
many occasions that the color of fruit on trees 
fertilized in October only was outstanding in 
December and January; however, during 
February this difference diminished greatly 
so that when the fruit was mature enough to 
pick, the advantage had been completely Jost. 
Packinghouse studies confirmed the field ob
servation that little difference existed in the 
latter part of the season. The loss in the ad
vantage for the October treatment was due 
to re-greening of fruit in that treatment and 
to improved color of fruit in other treatments. 

\Vhen fruit was picked late in the season 
and judged for fruit color as well as coarse
ness, and later graded into United States 
grades, there was ilo advantage for any treat
ment over the other in any of these character
istics. 

Yield-Yield results are given in Fig'. 2. Al
though there were some obvious differences 
in average yield, the differences obtained 
were not statistically sigaificant. Treat
ments involving application of fertilizer in 
October were lowest in average yield. The 
yield figures for these treatments include , a 
great deal of late-bloom fruit which would 
be of no value for fresh fruit production unless 
it were handled separately. The yield from 
trees receiving all fertilizer in May was high
est, but this high yield was the result of ex
ceptional yield on two plots of the four 
replications and somewhat less than average 
yield on the remaining two. Yields from the 
other four treatments were intermediate be
tween these extremes. 

DISCUSSION 

The results indicate that no large benefit 
in yield or fruit quality can be obtained under 
the conditions of this experiment by simply 
varying the time of application of fertilizers. 
Some smaller advantages or disadvantages can, 

however, be assigned the individual treat
ments. 

Applications made in October ( before the 
end of the rainy season in this area) had sev
eral disadvantages. In addition to low yield, 
the trees bloomed dangerously early, showed 
nitrogen deficiency severely during post-bloom 
and early summer periods and set much late
bloom fruit. As.ide from larger fruit ( of doubt-
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F'ig. 2 Accumulative yield by years during the last 
six years of the experiment. 

ful value for this variety), such treatments had 
no advantages. 

Single annual application of fertilizer in 
May produced greatest average yield, but the 
result lacked statistical significance. The treat
ment had nothing else to recommend it, and 
the tree condition in the post-bloom period 
would not be satisfactory to many growers . 

The remaining four treatments prevented 
unfavorable tree condition and were satisfac
tory in all respects. Three applications per year 
had no advantages over treatments using few
er applications, and hence cannot be recom-
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mended. When all fertilizer was applied in 
February, quite satisfactory results were ob-

. tained and might be recommended. By com
parison, February and June applications or 
December and June applications would per
haps reduce leaching loss if exceptional rain
fall occurred after the single annual applica
tion and would reduce the hazard of excessive 
salt concentration if high rates of fertilization 
were used. Neither of these conditions ·was 
important in the experiment. 

Similar conclusions might not be drawn if 
early orange varieties or grapefruit had been 
used in the experiment. The earlier coloring of 
the fruit, the larger fruit size, and the higher 
soluble solids frequently occurring in the 
treatments receiving October applications 
might be sufficient to justify their use for 
these varieties. Such comments are, of course, 
speculative in relation to the data presented 
here. 

It is probable that fertilizer rate played an 
important role in the results. In later years, 
with higher rates, results were less pronounced 
than in earlier years with lower rates. Evi
dently striking results from timing experi
ments must depend upon attaining nutritional 
extremes at some period of the year ( 1). At 
high fertilizer rates, such extremes cannot be 
produced under the soil conditions existing in 
this experiment. Under other soil conditions, 
where less clay and organic matter is found 
in the soil, nutritional extremes may occur 
much more readily than was the case in this 
experiment. However, experiments performed 

in Central Florida ( 3, 4) have not shown as 
much difference as had previously been anti
cipated and it is probable that the effects 
spoken of above could be obtained only in the 
least fertile and coarsest textured soils. 

SUMMARY 

A fertilizer timing experjment using Valen
cia trees on · sour orange rootstock planted on 
calcareous hammock soil was conducted over 
a seven-year period. The seven treatments in
volved one, two, or three applications per 
year, using a constant total amount of mixed 
fertilizer annually on all plots. Results indicate 
that applications made before the end of the 
rainy season (prior to November 1st) are un
desirable; that three applications per year are 
unnecessarily expensive; and that satisfactory 
results can be obtained by using two applica
tions, one after the end of the fall rainy season 
and a second before the beginning of the 
summer rainy season, or by a single applica
tion made in winter. 
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IS STEM PITTING OF GRAPEFRUIT A 
THREAT TO THE FLORIDA GROWER? 

L. C. KNonn AND W. C. PmcE 

Florida Citrus Experiment Station 

Lake Alfred 

Before attempting to answer the question 
raised in the title to this paper, it is necessary 
to consider two subsidiary questions. The first 
of these is this: What is stem pitting? 

The term "stem pitting" was first used by 
Oberholzer, Mathews, and Stiemie ( 16) in 
South Africa to designate a specific disease of 
grapefruit trees on rough lemon rootstock. 
Subsequently, the term came also to be used 
in a different sense: to designate a symptom, or 
set of symptoms, occurring in the wood of 
various kinds of citrus trees when infected 
with, or presumed to be infected with, one 
or another virus. This double usage has re
sulted in a certain amount of confusion. 

The term stem pitting has been applied by 
others to the pitting that occurs under the 
bark of Key lime seedlings serving as indicator 
plants for tristeza virus ( 3). It has also been 
applied (I) to various types of pitting present 
in many varieties of citrus-for example, to 
the pitting in such varieties as trifoliate 
orange and sour orange, which varieties are 
found ( 5) to be free of pitting in Argentina 
where the stem-pitting disease abounds. 

We are concerned with the disease of 
grapefruit known as stem pitting. According 
to Oberholzer, Mathews, and Stiemie ( 16), 
stem pitting is characterized by corrugations 
or longitudinal pits on the outer surfaces of 
trunks of affected trees; trees showing stem 
pitting of the trunk become stunted and 
bushy, giving rise to the name stunt bush; 
their foliage is sparse, small, mottled, and 
chlorotic; and their fruit are small with thick 
rind, high acid content, and low juice con
tent. In severely affected trees, scaffold 
branches tend to grow downward at sharp 
angles, crowns are flat, and the rough-lemon 
rootstock suckers profusely. 

According to McClean ( 12, 13), the symp
toms described by Oberholzer et al. are second-

Florida Agricultural Experiment Stations Journal 
Series, No. 567. 

ary ones that develop as affected trees mature, 
the important primary symptoms being those 
that are revealed by stripping off bark from 
the trunk and large limbs. In the surface of the 
underlying wood, there is to be found pits, 
shallow grooves, or channels with their long 
axes paralleling the grain of the wood. The 
channels give the unaffected wood the ap
pearance of ridges resembling loose strands 
of twine. Channelling is well-defined and 
characteristically present in the trunk and 
lower branches but may be lacking in twigs 
and young branches. 

Oberholzer ( I 7) in 1953 estimated that 
stem pitting had destroyed 40 per cent of the 
grapefruit groves in South Africa, and Oxen
ham and Sturgess ( 19) report that stem pit
ting, or dimples, of grapefruit, "is the most 
serious problem affecting the Queensland cit
rus industry," with most plantings becoming 
unproductive by the 15th year. This terrible 
destruction results apparently from injury to 
phloem and xylem tissues in the scaffold of 
the tree, thus rendering tissues incapable of 
supplying either tops or roots with the water 
and food needed for growth and fruiting. 

Oberholzer, Mathews, and Stiemie ( 16) 
showed that stem-pitting disease is perpetu
ated by vegetative propagation and discovered 
that some sources of budwood carry a milder 
form of the disease than others. McClean ( 12, 
13) proved the disease to be infectious and to 
be capable of transmission by grafting or by 
means of the brown citrus aphid', Toxoptera 
citriciclus (Kirk.) ( syn. A phis citricidus Kirk.). 
He considered stem pitting to be caused by a 
virus that is widespread in . citrus in South 
Africa, and he also reported that at least two 

1; At this point it mi1?ht prove helpful to point out 
· that a certain amount .of confusion has arisen with 
'respe"ct to common names for Toxoptera (Aphis) 
citricidus (Kirk.), the highly efficient vector of 
tristeza in South America, South Africa, and Aus
tralia, and Toxoptera aurantii (Fonsc.), the mark• 
edly inefficient vector that is present in F1orida. 
In the American literature the com1119n name for T. 
citricidus is the brown citrus aphid, and for T. 
aurantii, the black citrus aphid ( cf. "Common names 
of insects approved by the Entomological Society of 
America," Bui. Ent. Soc. of America 1 (4): 1-34. 
1965). In the literature of certain other countries 
however, the order is reversed: it is T. citricidus that 
is called the black citrus aphid (cf. "Common names 
of insects," Commonwealth Sci. & Ind. Res. Org. 
Australia, Bui. 27 5, 32p. 1955). and T. toxoptera 
the brown citrus aphid. 



66 FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

strains of the virus exist. Both strains induce 
veinal flecking in West Indian (Key) lime 
seedlings and both stunt such seedlings rather 
severely, one more so than the other. 

The second subsidiary question that must 
be considered is this: What is the relationship 
between stem pitting and tristeza? This is cer
tainly not an easy question to answer, as will 
presently become evident. On the one hand, 
there are reasons for believing that these two 
diseases are caused by the same virus. Mc
Clean ( 13) has pointed out that the causal 
agents of both diseases are transmitted by 
Toxoptera citricidus and. that both diseases 
are universal in South Africa. He thinks that 
it would be strange indeed for two distinct 
viruses .to be transmitted by the same insect 
and also to be ubiquitous in the same crop. It 
is certainly tempting to regard the two dis
eases as specific host responses to the same 
virus but there may be good reasons for re
sisting such temptation. 

Costa, Grant, and Moreira ( 3) suggested 
that stem pitting might be caused by the same 
virus as that which causes tristeza, or by a 
closely related virus, and McClean ( 13) con
curred in this opinion. The virus responsible 
for stem pitting in South Africa is also be
lieved ta cause a die-back of lime in the Gold 
Coast, where at least two strains of the virus 
are reported to exist ( 8, 9), and to cause in 
South Africa ( 13) a severe decline of Tahiti 
lime on the tristeza-tolerant sweet-orange root
stock. Stem pitting has been reported to oc
cur in Argentina ( 11), apparently having been 
introduced there simultaneously with tristeza. 
It is also known in the Belgian Congo ( 20). 

McClean and van der Plank ( 14) postulated 
that the tristeza-virus complex has two com
ponents, a stem-pitting component and a 
seedling-yellows component. They postulate 
further that the stem-pitting disease is induced 
in grapefruit by the stem-pitting component 
whether the seedling-yellows component is 
present or not. It is not clear from the paper 
by McClean and van der Plank whether stem
pitting virus alone can cause decline of sweet 
orange on sour-orange rootstock or whether 
the seedling-yellows component must also be 
present. However, sour orange is thought to 
be more tolerant of stem-pitting virus alone 
than of the stem-pitting seedling-yellows com
plex. 

Another reason for considering that tristeza 
and stem-pitting viruses arc not identical is 
this: although tristeza virus is supp0t,ed to be 
universal in citrus of South Africa, many 25-
year-old grapefruit trees there do not have 
the stem-pitting disease ( 15). This could be 
interpreted to mean 1) that tristeza virus is 
different from stem-pitting virus despite being 
closely associated with it in nature, or 2) that 
some strains of tristeza virus are so mild that 
they do not cause stem pitting. 

Stem-pitting disease of grapefruit does not 
occur in Florida, nor, to our knowledge, does 
it occur elsewhere in the United States. Triste
za is in Florida ( 7) , however, and is reported 
to be spreading in some areas, such as Lake 
and Orange Counties (2). We know of a few 
grapefruit trees in Florida infected with tris
teza virus that display a pitting of twigs and 
small branches comparable to the pitting that 
frequently develops in Key lime seedlings 
when infected by tristeza virus; these 
grapefruit trees, however, do not have 
the striations and channeling of wood of 
the trunk or large limbs, symptoms said 
by Oberholzer et al. to be the characteristic 
manifestations of stem - pitting disease; 
neither do these trees show any indications of 
decline nor deviations from normal fruiting. In 
Florida, we have examined a large number of 
grapefruit trees, many of which have been 
demonstrated to be carrying the virus of tris
teza, but in none of these trees have we found 
the stem-pitting disease. Because of these ob
servations, it seems safe to conclude that at 
present stem pitting occurs rarely, if at all, in 
Florida. 

The virus, or virus complex, that causes 
seedling-yellows disease of grapefruit, sour 
orange, and Eureka lemon seedlings in Aus
tralia and South Africa also does not occur in 
Florida. When Florida tristeza virus is trans
mitted to these three species by budding from 
infected sweet-orange trees, it does not pro
duce seedling yellows in them. 

This certainly seems to be a paradox: al
though tristeza is not uncommon in Florida, 
neither the seedling-yellows component nor the 
stem-pitting component of the complex ap
pears to occur here! How can this be ex
plained? 

One possible explanation is to assume that 
the seedling-yellows component is present in 
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Florida but that by itself it cannot produce 
seedling yellows, that seedling yellows devel
ops only when the stem-pitting component is 
also present. If this is assumed, then it needs 
further to be assumed that only the seedling
yellows component of the complex, not the 
stem-pitting component, is present in Florida 
and that seedling-yellow virus by itself causes 
the mild form of tristeza to be found here. Al
though we do not have the experimental evi
dence necessary to rule out this possibility, we 
prefer a simpler hypothesis. 

Our hypothesis is that tristeza, stem pitting, 
seedling yellows, and the Gold Coast's lime 
die-back are caused by a single virus that ex
ists in the form of numerous strains. [It seems 
likely that this is about what Costa, Grant, and 
Moreira (3) had in mind when they sug
gested that tristeza and stem pitting are caused 
by the same virus.] It may further be sup
posed that naturally-infected trees can harbor 
two or more strains simultaneously and that 
one or another of these strains predominate, 
depending upon the species or variety of citrus 
in which they occur. The strain of virus pre
dominating in sweet orange of South Africa is 
usually, though not always, one that will in
duce seedling yellows in grapefruit, Eureka 
lemon, and sour orange seedlings. vVe can 
designate it as the seedling-yellows strain. It 
apparently is not well adapted to the grape
fruit. Consequently, when a mixture of strains 
is transmitted by Toxoptera citricidus from 
naturally-infected sweet orange to grapefruit, 
another strain better adapted to the grapefruit 
soon predominates; this may be a strain that 
causes stem pitting or another that is consid
erably less severe than the stem-pitting strain. 
Even when transmission is by grafting and 
when seedling yellows develops, the grapefruit 
tends to lose the component that causes seed
ling yellows while retaining the component 
that causes stem pitting ( 15); this observation 
can better be explained by assuming the stem
pitting and seedling-yellows components to be 
strains of the same virus than by assuming 
them to be distinct and separate entities. 

It is not necessary to_ assume that strains of 
tristeza virus exist; their existence has been 
demonstrated in South America ( 4) and in 
the United States ( 18). It is necessary to as
sume only that the strains of tristeza virus 
commonly found in the United States cause 

neither seedling-yellows disease nor stem-
pitting disease. . 

Although there is no substantial body of ex
perimental evidence on which to base a judg
ment of the validity of the hypothesis that tris
teza seedling yellows, and stem pitting involve 
not a complex of viruses but a group of closely 
related strains, an experimental check of the 
hypothesis can readily be made in Australia 
or South Africa, where presence of a seedling
yellows factor is said to occur. Evidence is now 
available for the statement that a mild strain 
of tristeza virus will protect citrus from more 
severe forms of the virus ( 4, 6, 18). Conse
quently, a grapefruit seedling invaded by the 
stem-pitting component of the tristeza virus 
complex should be refractory to infection by 
the seedling-yellows component, whether in
troduced by means of grafting or by Toxoptera 
citricidus, if the two components are closely 
related strains but not if they are separate and 
distinct viruses. So far as we can learn from 
the literature, this test has not been made. 

Let us now return to the main question of 
this paper: is stem pitting a threat to the 
Florida grower? We believe that it is a threat, 
but one that should not be taken too seriously 
so long as an efficient vector of tristeza like 
Toxoptera citricidus is kept out of the state. 
If stem-pitting virus is a strain of tristeza virus, 
the possibility that it will arise by mutation of 
the mild strains of tristeza virus present in 
Florida is a virtual certainty. If an efficient 
vector of the virus, such as Toxoptera citrici
dus, should feed on the tree in which the mu
tant arises, there will be a good possibility of 
spreading the virus to healthy trees in the 
neighborhood. In the absence of such a vector, 
the possibility of spread is very small indeed. 
Tristeza has been present in Florida for a good 
many years ( 10) and it is likely that the 
strains of virus in existence here are well 
adapted to the crop; they are more or less in 
equilibrium with the crop. This equilibrium is 
not likely to be upset except by some radical 
change, such as appearance of an efficient vec
tor. 

If stem pitting is caused by a separate and 
distinct virus that does not now exist in Flori
da, it should by all means be prevented from 
entering here. Quarantine measures - against 
importation of budwood is the most practical 
means by which to exclude it. 
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SEASONAL CHANGES IN THE JUICE CONTENT 
OF PINK AND RED GRAPEFRUIT 

DURING 1955-'56' 

E. J. DESZYCK AND s. V. TING 

Florida Citrus Experiment Station 

Lake Alfred 

Pink and red grapefruit in the early season 
does not always meet the minimum juice re-
11uirements as established by the Florida State 
maturity laws ( 3, 4). Because of the low juice 
content, harvest of these two varieties is often 
delayed, especially since the_ adoption of high
er juic.e standards; these being raised approx
imately 10 percent during August 1 to October 
15, and approximately 5 percent during Octo
ber 16 to November 15. For the remainder of 
the season, the lower juice requirements de
fined by the Citrus Code of 1949 remain in 
effect. The relatively high juice required in the 
early season delays harvest of much of the 
pink and red grapefruit until the p~riod of low 

1 /Cooperative publication by the Florida Citrus 
Experiment Station and the Florida Citrus Commis
sion. Florida 'Agricultural Experiment Station Journal 
Series No, 565, 

juice standards of November 16 to July 31 
during each season. 

Several factors influence juiciness of citrus 
fruit. Generally, juice content varies markedly 
with and during seasons; it is relatively low in 
the immature fruit and high in the . fully ripen
ed fruit late in the season. High rainfall and 
irrigation tend to raise juice volume, such fac
tors accounting for variations from year to 
year. Still other factors are: location, variety, 
rootstock, age of trees, time of bloom, shape 
of fruit, and certain cultural deficiencies. Oil 
( 7) or arsenic ( 1, 2) sprays have not been 
found to affect significantly the amount of 
juice in the fruit. 

The Florida Citrus Commission has been 
conducting a four-year survey of red and 
pink grapefruit to obtain a better understand
ing of the internal quality and maturity chac
acteristics of these varieties. When the survey 
was begun in the fall of 1953, the soluble 
solids content in much of the fruit did not 
meet standards; however, since the juice re-
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Fig. 1. Seasonal changes in the average juice con• 
tent of pink (P.S.) and red (R.R.) grapefruit of three 
sizes (96, 70, 54) grown on sour orange (S,O.) and 
rough lemon (R.L. ) rootstocks during 1955-56. 

quirements were raised in 1955, juice content . 
became the limiting factor in maturity. There
fore, a study of juiciness was included during 
the 1955-56 season. 

A preliminary report is here presented for 
the purpose of ascertaining the juice content 
of pink and red grapefruit of three sizes 
grown throughout the State during the 1955-
56 season. Special emphasis was placed on its 
relationship to legal juice requirements. In ad
dition to seasonal changes in juice content, the 
variations among samples during each sam
pling period as well as the daily increases in 
the juice are included. 

ExPEHIMENT AL 

For this survey, 137 groves were selected 
throughout the citrus area of Florida, including 
the Ridge section, and the East and West 
coasts. Of the total number, 68 groves were 
Ruby red and 41 pink seedless on rough lemon, 
and 20 groves were red and 8 pink on sour 
orange rootstock. Fruit sampling was similar 
to that used commercially; that is, each sam-

pie consisted of six fruit of one size picked 
from different trees. Three sizes (96, 70, and 
54) were collected from tagged trees at in
tervals of 14-16 days during the 1955-56 sea
son, extending from September to :March . 
Juice was expressed at the rate of 40 fruit per 
minute using a Food Machinery In-Line ex
tractor ( 5) with a flush setting, J~ inch orifice 
tube, strainer tube of 3/32 inch openings, and 
a cup of six inches in diameter. The juice was 
then passed through a Chisholm-Ryder fin
isher of the tapered screw type equipped with 
0.033 inch perforated screen, weighed and ex
pressed as milliliters in each sample of six 
fruit. In compiling the data the average juice 
volume for each period of 14-16 days was used. 

A 
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Fig. 2. Seasonal changes in the average juice con
tent of two varieties of fruit of three sizes grown on 
two rootstocks during 1955-56. 



70 FLORIDA STATE HORTICULTURAL SOCJETY, 1956 

RESULTS AND DISCUSSION 

In general the average juice content of pink 
and red. grapefruit of three sizes on rough 
lemon and sour orange rootstocks gradually 
increased with the advance of the season, with 
some exceptions ( Fig. l). Some irregularities 
were apparent for size 54 fruit on sour orange 
rootstock. In addition the juice volumes in the 
fruit of the three sizes decreased slightly dur
ing January and February (Fig. 2-A). 

Rootstock apparently does not influence 
juice content in white varieties of grapefruit 
( 6). However in the pink; and red varieties, 
significantly more juice is found in fruit grown 
on sour orange than on rough lemon rootstock 
during the latter part of the season ( Fig. 2-B). 
This variation was first apparent in December 
for size 54 fruit, and during March for size 
96. On the average for the season more juice 
was found in fruit on sour orange than on 
rough lemon rootstock. 

The seasonal trends in the juice of two 
varieties and three sizes are shown in Fig. 
2-C. The red variety contains significantly 
higher juice content than the pink grapefruit 
during the latter part of the season, January 

to March. However, it is similar in the two 
varieties during the early season from Septem
ber to January. On the average for·the season 
Ruby red fruit contains more juice than the 
pink variety. 

The percentages of samples of size 96 
grapefruit meeting the legal juice require
ments through December are listed in Table l. 
Very little fruit can be picked under the 1955 
juice standards, since only 7.7 percent of the 
samples attained sufficient juice ( lllO ml.) at 
that time. During October l to 15, 32.1 per
cent of the fruit met the strict regulations. 
When the requirement is lowered to 1080 ml. 
during October 16 to November 15, 63.2 per
cent of the fruit met the standard during the 
first part of this period, and 84.5 percent dur
ing the latter part. Although the lower stand
ard is restrictive, the majority of the samples 
acquired adequate juice. After November 15 
when the requirement is lowered to 1020 ml. 
most of the fruit had enough juice for harvest. 
The size of the fruit appears to have no influ
ence· on the time of attainment of the high 
juice standards effective through Oct~bt:r 15 
since approximately one-third of the samples 
of each size met the standards during the 
period. 

Table 1. Percentage o! grapefruit 1amples picked throughout the State attaining 
juice atandarda !rom September to December, 1955 (size 96) 

Juice Requirement■ 

ml/6 fruit 

lllO (a) 
and 
above 

1080 (b) 
&11d 
above 

1020 (c) 
and 
above 

Below 
1020 

September 
1~30 

12.8 

31.7 

(a} Minimum juice requirement for Aug. 1 - Oot. 15 

(b) Minimum Juice requirement tor Octo 16-Nov. 15 

(c) Minimum juice requirement tor Nov. 16-Jul7 31. 

Sampling Period 
October November 

1-15 16-31 1-15 16-30 

~ 

32.1 46.5 76.8 85.0 

41.9 63.2 84.5 85.0 

69.5 81.3 93.6 95.0 

30.4 18.7 6.4 5.0 

December 

1-15 16-30 

81.l 96.3 

86.9 97.3 

90.8 100.0 

9.2 -0-
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Table 2. The anrage juice content and standard deviation tor 
grape!rui t of eize 70 for 13 sampling period• during 
1955-56. 

Sampling Period Juice Standard 
(ml/6 fruit) Deviation 

Sept. 15-30 un 122,2 

Oct. 1-15 1332 125.5 

Oct. 16-31 1392 126.7 

No'f. 1-15 1465 122.7 

Ncr,, 16-31 1495 114.7 

Dee, l-15 1541 126.2 

Dee, 16-31 15n 125.7 

Jan. 1-15 1590 108.2 

Jan. 16-31 1603 139.7 

:feb, 1-15 1568 104,7 

Feb, 16-29 1585 103,0 

March 1-15 1604 109,7 

March 16-31 1609 110,7 

The average juice content and the standard 
deviations for size 70 fruit for 13 sampling 
periods are shown in Table 2. The standard de
viations are generally higher during the earlier 
part of the season than during the latter part 
with some exceptions. The average juice and 
the standard deviation can be helpful in as
certaining the range distribution about the 
mean, especially if used in the early season. 
For example, during September, the average 
juice content for size 70 fruit was 1171 ml. 
with a standard deviation of 122.2 ml. Of the 
samples tested, approximately one-third fell 
between 1171-1293 ml., and one-sixth fell 
above 1293 ml. It is evident that with the 
juice requirement of 1380 ml., less than one
sixth of the samples met this high requirement, 
and therefore fruit cannot be picked because 
of low juice volume. 

The daily average increases in juice volume 
for one fruit of each size during sampling 
periods 'from October through December, are 
shown in Table 3. Large daily increases for 
all three sizes occurred during the October 8 
sampling period, with smaller amounts during 
the remaining periods. With sizes, the highest 
daily increase in juice was found for size 54, 
and the lowest for size 96. On the average the 

imce increased by 0.6, 0.7, and 0.9 ml for 
sizes 96, 70, and 54, respectively. An estimate 
of the time of meeting juice regulations can be 
made by knowing the average daily increase 
in the juice. Of course, these values will vary 
with location, seasons, and other factors but 
can be useful as a guide to the time of har
vesting. 

SUMMARY AND CONCLUSIONS 

A preliminary report of the juice content of 
seedless pink and red grapefruit of sizes 96, 
70, and 54 grown on rough lemon or sour 
orange rootstocks is presented. The samples 
were collected twice monthly from 137 groves 
during the 1955-56 season. In general, the 
juice content increased with the advance of 
the season, increasing approximately one-third 
from September to March. In the latter part 
of the season, the red fruit contained more 
juice than the pink variety. Likewise, fruit on 
sour orange .rootstock contained more juice 
than that grown on rough lemon. On the aver
age, the red grapefruit on sour orange had 
the most juice while the pink variety on rough 
lemon had the least amount. 

As far as meeting the high juice standards 
in effect from August 1 to October 15, ap
proximately 8 percent of the fruit in Septem
ber and 32 percent in Octqber met the strict 
juice regulations. At the time of the medium 
juice requirements from October 16 to Novem
ber 15, approximately 63 and 85 percent met 

Table 3. 1-rerage dally increase 1n juice content per fruit 
of grapefruit of three sizes (96, 70, and 54) 
during October to December 1955, 

Sampling Period Size 
96 70 54 

ml/fruit/day 

Oct. 1-15 1,1 1,7 2.1 

Oct. 16-31 0,5 0,5 o.8 

No\', 1-15 0.9 1.0 0,8 

Ncr,, 16-30 0.1 0.3 0.4 

Dee, 1-15 0.4 o.5 o.s 

Dec,· 16-31 0.4 0,2 0,4 

Average 0,6 0.7 0.9 
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regulations in October and November, respec
tively. After November 15, most of the fruit 
met the low juice standards then in effect. 

The variations in the juice content for each 
sampling period as well as the daily increases 
in juice volumes are presented. · 
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EFFECTIVENESS OF DIFFERENT ZINC 
FERTILIZERS ON CITRUS 

C. D. LEONAHD, IVAN STEWART 

AND GEORGE Eow ARDS 

Florida Citrus Experiment Station 

Lake Alfred 

Zinc foliage sprays have been used for more 
than 20 years for the correction and preven
tion of zinc deficiency or Frenching in Florida 
citrus groves. Such sprays are reasonably ef
fective in controlling Frenching in most groves 
even though the zinc sources now used are 
very slowly absorbed and highly inefficient 
(7). Sprays have the additional disadvantage 
of leaving a residue on the leaves which in
creases the scale population. Hence there is 
need for an effective and inexpensive method 
of supplying zinc to citrus trees by application 
of a suitable zinc fertilizer to the soil. The 
studies reported here were carried out in an 
effort to find such a method. 

Soil application of zinc, chiefly as the sul
fate, has been far less dependable than foliage 
sprays as a method of supplying zinc to citrus. 
Camp (3) reported in 1934 that in some cases 
no visible result was obtained from soil appli
cations of zinc sulfate, whereas in others ap
plication of from 5 to 15 pounds per tree 
broadcast gave good responses. Even where 
soil applications of zinc are effective absorp
tion of zinc and correction of the zinc defi
ciency leaf pattern are relatively slow. The 
effectiveness of soil applications of zinc varies 
greatly with various soil characteristics; for ex-

Florida Agriculturnl Experiment Stations Journal 
Series, N'o. 559. 

ample, this element is much less available at 
a soil pH of 6.0 or 7.0 than at more acid soil 
reactions. 

Jones, Gall, and Barnette (6) reported that 
when zinc compounds are applied to the soil, 
they react to form three types of compounds: 
(a) water soluble zinc compounds, (b) com
binations formed by the reaction of soluble 
zinc compounds and the organic and inorganic 
colloidal complex of the soil ( replaceable 
zinc), and ( c) combinations insoluble in 
water and not in combination with the colloi
dal complex of the soil ( not replaceable). They 
found that when low concentrations of soluble 
zinc compounds react with the soil, the major 
portion of the zinc enters into combination 
with the colloidal complexes and may be re
placed by a normal ammonium chloride solu
tion. Under these conditions they found a near 
equivalence between the replaceable zinc of 
the soil and calcium removed from the colloi
dal complex. When high concentrations ot 
soluble zinc compounds react with the soil, 
they found that the zinc is present not only 
in water soluble and replaceable forms but 
also in an insoluble form. They state that or
ganic matter, clay, replaceable bases, carbon
ates and phosphates influence the fixation of: 
zinc in the soil. 

Jamison ( 4), however, reported little dif
ference in the fixation of zinc in the presence 
and the absence of superphosphate in the soil. 
He states that the forces which retain zinc in 
these soils are far stronger than those holding 
zinc as phosphates or basic compounds ordin
arily considered insoluble. 
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Jamison (5) found that zinc applied as the 
sulfate leached from the soil faster where 
larger crystals or lumps were applied than 
where a fine powder was used. Most of the 
zinc from the fine source materials remained 
adsorbed in the surface three inches of soil 
while much of the zinc from coarse materials 
had penetrated into the deeper layers of soil 
or had leached. He attributed this difference 
to saturation with zinc of small local zones of 
soil beneath the lumps or large crystals. 

Brown (2) mixed zinc sulfate thoroughly 
at the rate of 100 pounds per acre with five 
major citrus-producing soils which had been 
adjusted to pH levels of 4, 5, and 6. At pH's 4 
and 5, the zinc content of the leaves of orange 
and grapefruit seedlings grown in these soils 
was very high, but in leaves of the plants 
grown in soil at pH 6 it was much lower. The 
uptake of zinc at different pH levels varied 
for the five soils, but with Lakeland soil at 
pH's 4, 5, and 6 the zinc contents of orange 
leaves were 202, 317, and 44 ppm, respective
ly. 

LEACHING OF ZINC 

The high uptake of zinc by citrus seedlings 
from different soils at pH 4 and 5 with which 
zinc sulfate had been mixed, as reported by 
Brown (2), shows that this material is an ex
cellent source of zinc for citrus when distrib
uted within the rooting zone of the trees. 
Since most of the zinc from finely-divided zinc 
sulfate becomes fixed near the soil surface ( 5), 
the poor results obtained from soil applica
tions of this material in citrus groves appear to 
be due to its failure to leach downward into 
the rooting zone. In an effort to find a method 
of getting zinc deeper into the soil, two zinc 
chelates, zinc 1, 2 diaminocyclohexane tetra-

. acetate (ZnDCTA) and the zinc chelate of 

Table 1. Etfoot or ■oil pR on ...,,,,,t or radio■ctift 
•l.Do leached through Lakeland ■oil n-a,. tvo 
zillc chelateo, 

pH or ecil ZtiDCT.l Znl.R:4 
era (a) Cfll 

4 901 0 

5 1230 0 

6 2716 0 

7 3153 12 

(a) Counto per llimlte 

an aromatic polycarboxylic acid ( ZnAPCA) 
were tagged with radioactive zinc-6S and 
leached through Lakeland soil adjusted to 
pH's of 4, 5, 6, and 7. Counts made on the 
leachates showed that ZnDCT A was very ef
fective in solubilizing zinc, and its effective
ness showed marked increases as the soil pH 
rose from 4 to 7 ( Table 1). ZnAPCA was 
highly ineffective as a solubilizer for zinc. 

Zinc sulfate and several zinc chelates were 
tagged with zinc-65 and leached through pots 
of Lakeland soil at pH 5.4. Counts on the 
leachates indicated that much more zinc in 
Zn EDT A remained soluble than in zinc sul
fate ( Table 2). Increasing the amount of 
EDTA applied with the same amount of zinc 
( varying the molecular ratio of zinc to EDT A) 
increased the amount of zinc leached. Addi
tion of non-ionic or anionic wetting agents also 
substantially increased the solubility of the 
zinc in this chelate, but addition of a cationic 
wetting agent reduced it. Zinc gluconate and 
zinc naphthenate were relatively ineffective as 
solubilizers for zinc. Zinc sulfate, with or with
out a wetting agent, was extremely ineffective 
in these leaching trials. These results show 
the great fixing power of the Lakeland soil 
for zinc. 

The distribution of the zinc in the soil was 
determined by taking three cores of soil from 
each pot with a special soil sampling tube with 

Tabb 2. !a:nmt ot radioacthe abc h'ca dU'f•NDt 
ISOUl"CH leeched through pats ot Lakela.ncl 
0011 at J>ll ~.~. 

Zinc SOUl"Ce Ot.he:z- Mater!al era (a) 

Zn EMA 2U 

Zn EDT! l gm. 1'11-~l 498 

Zn EDTA. ' gm. 1'11-51 8?6 

Cation.tc wttug egent . 111 

hionic vetting agent ·6~ 

Non-ionic wtting agent !HI 

Zn ID!'A (l 12) (b) 71.1:, 

(115) (b) 1621 

Zn gluconate u 
Zn NaJ:Cthenate 2 

Zn 504 11;io 1 

Zn 504 2:zo S gm, l'R-51 11 

(a) Counts per llinute 

(b) Molecular ratio ot dnc to mT.&. 
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a narrow slit in the side and making radio
active counts directly on the soil at depths of 
one to six inches. These counts showed that 
most of the radioactive zinc applied in the 
form of zinc sulfate remained in the top few 
inches of soil, while that applied as ZnEDT A 
was much more uniformly distributed (Fig. 
1). The total of the counts for the six-inch 
layers sampled was considerably greater for 
zinc sulfate than for ZnEDT A at pH's of 5 
and 6, indicating much greater fixation of zinc 
from the sulfate. There was little difference in 
the total counts for these two zinc sources at 
pH's of 4 and 7. Radioactive counts made on 
the leaves of citrus seedlings grown in the 
pots showed a close correlation between the 
movement of zinc through the soil and the 
amount of zinc uptake by the plants. 

FIELD EXPERIMENTS 

Sin'Ce the pot studies reported above showed 
C<}usiderably more leaching of zinc and greater 
uptake of zinc by citrus seedlings from che
lated zinc than from zinc sulfate, field experi
ments were carried out in several commercial 

citrus groves to compare the effectiveness of 
chelated zinc with zinc sulfate. Two such ex
periments are reported below. 

In December, 1952, a field plot experiment 
was started in a grove of 8-year-old Pineapple 
orange trees growing on Lakeland sandy soil 
with a pH of about 6.0. This grove was 
sprayed with zinc until 1951. The linear four
tree plots were completely buffered by other 
trees from adjoining plots, and replicated three 
times in randomized blocks. Zinc sulfate 
monohydrate, containing 36 percent zinc, was 
applied at rates of 100, 164, and 328 grams of 
zinc per tree per application. Each rate was 
applied once a year to one series of plots, and 
three times a year to another series. Three zinc 
chelates, ZnEDTA (zinc ethylenediamine 
tetraacetate), ZnHEIDA ( zinc hydroxyethyl 
iminodiacetate), and ZnEDTA-OH (zinc hy
droxyethyl ethylenediamine triacetate), were 
applied once a year at rates of 12.5, 25, 50, 
and 100 grams of zinc per tree. These chelates 
were also applied at rates of 12.5 and 25 
grams of zinc per treeJ three times a year until 
1955, when the use of ZnHEIDA was dis-

Fig. I Residual concentrations of Zn65 following application and 
leaching of Zn EDTA and Zn S04 to pots of Lakeland sand 
adjusted to different pH levels. 

1000 PH 5 
PH 4 Zn S04 PH 6 PH 7 

,n 
800 U) 

C: 
N 

Q) -::::, 600 C: 

::e 
... 
Q) 
a. 400 
en -C: 
::::, 
0 
0 

200 

2 

Depth, Inches 
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continued. In September, 1955 the 12.5-gram 
rate for ZnEDTA and ZnEDTA-OH applied 
three times a year was changed to 50 grams, 
and the 25-gram rate was changed to 100 

grams. All materials were broadcast by hand 
under the spread of the trees. Leaf samples 
taken in August, 1955 ( 1955 summer flush) 
and in August, 1956 ( 1956 spring flush and 

Table 3. Effect of soil application of zinc compounds on 
the zinc content of leaves of Pineapple orange 
trees on acid soil. 

Source ·or Zinc gm. Zn No. I?m 
. (b) 
zinc in leaves 

applied (a) Applications Summer Spring Summer 
per tree per year Flush Flush Flush 
~r a:12P1. 1222 1226 1226 

Zn so4 J½0 100 1 33 28 30 
164 1 29 28 27 
328 1 . 44 44 35 
100 3 35 30 29 
164 3 42 42 37 
328 3 tz.8 22 1.2 

Zn EDTA 12.5 l 28 21 24 
25 1 29 21 21 
50 1 33 25 24 

100 1 .3.3 26 27 
12.5 .3 34 31 26 
22 2 22 28 22 

Zn HEIDA 12.5 1 29 
25 1 34 
50 1 35 

100 1 37 
12.5 3 32 
2 

Zn EDTA-OH 12.5 1 32 26 28 
25 1 29 25 26 
50 1 29 28 24 

100 1 32 33 25 
12.5 3 .31 28 26 
22 2 20 22 2:z 

Check None 31 23 24 

(a)All applications broadcast. 

( b \955 summer flush sampled in August, 1955. 1956 spring flush and sUlllller 
flush sampled in August, 1956. 
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summer flush separately) were analyzed for 
total zinc by the polarographic method of Bar
rows, Drosdoff, and Gropp ( 1). 

The highest zinc contents were found in the 
leaves from trees that received the higher 
amounts of zinc sulfate ( Table 3). Zinc sul
fate applied three times a year resulted in 
higher zinc content of the leaves than the 
same amount of zinc per application applied • 

once a year. Application ofl00 grams of zinc 
per tree as the sulfate and in the chelate form 
showed about equal effectiveness in increas
ing zinc in the leaves. The lower rates of ap
plication of the chelates showed little advan
tage over the untreated checks. These field re
sults do not bear out the increased availability 
of zinc shown by the chelates in the pot ex
periment . reported above. In the pot experi-

Table 4. Etf'ect of' amount and method or application 
of 'zinc chelates on the zinc content of 
Pineapple orange leaves. (a) 

-
,Zp H)TA 

• 5 l.bs soda ash 
• 5 " " II 

" 5 " \E 
" 5 • II 

• 3 oz. AP-?8 (c) 
II 8 OZo • II (c) 
" 
" 5 lbs soda ash 
" 5 II " " 
II 

Zn EDT~OH 
" II 10 lbs soda ash 

=w H 5 h Ii" i' 

" II 5 • .. • 
" " 5 " \E 
II n 5 • " 
n " 3 oz. AP-78 (c) 
• II 8 QZ9 " • (g) 
" " • " 
" II 5 lbs soda ash 
• II i • " II 

Check 

(a) Each treatment applied one time. 

Gmo Zn 
·Applied 

J28 
100 
328 
100 
328 
100 
328 
328 
328 
100 
100 

328 
328 
100 
328 
100 
328 
100 
J28 
.328 
100, 
328 
l.QO 

None 

How Fe Zinc ..U,) 
Applied Spring Sum.er 

II 

II 

• 
a 
II 

26 

Smo piles 25 
" " 39 " . 
a " 

Band 
II 

Chunks 

" 
" n 

" • 
Piles 

II 

" 
II 

29 
28 

23 

.32 

29 
25 
26 
23 
25 
25 
23 
30 
25 
26 
23 

25 
24 
25 
29 
25 
28 
23 
28 
27 
30 
23 
25 

23 25 

(b) 1956 flushes, sampled in August, 1956. 
(c) Anionic vetting agent (Ant.are. Chemical Compa!l1')o 
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ment, ZnEDTA was more effective than zinc 
sulfate in penetration of soluble zinc through 
the soil and also in bringing about uptake of 
zinc by citrus seedlings. 

A second experiment was started in the fall 
of 1955 in another part of the same Pineapple 
orange grove. It consisted of about 70 different 
zinc treatments, including sprays and soil ap
plications, each applied to three individual 
trees. Some of these treatments were applied 
in the spring of 1956. Three methods of soil 
application were used: (a) broadcast in a 
band 3 to 4 feet wide, ( b) applied in harden
ed chunks made by mixing the zinc sources 
with water and drying, and ( c) in small piles 
of loose material distributed around the trees. 
In some treatments, the zinc sources were 
mixed with soda ash (Na2CO,) to raise the 
soil pH, wettable sulfur to lower the pH, or 
with a wetting agent. Zinc sulfate was also 
applied in mixtures with calcium chloride. 
Foliage sprays of zinc sulfate neutralized with 
hydrated lime were applied for comparison 
with the soil treatments. 

In this experiment two zinc ch elates ( Zn
EDT A and ZnEDTA-OH) were tested at a 
rate much higher than in the first experiment, 
but were again found to be relatively ineffec
tive as sources of zinc regardless of the method 
of application ( Table 4). A small increase in 
zinc in the spring flush leaves was brought 
about by mixtures of chelated zinc and soda 
ash applied in small piles, when compared 
with the chelates applied alone. However, 
none of the chelate treatments brought about 
any substantial increase in the zinc content of 
the summer flush leaves, when compared with 
the untreated checks. These results are in 
general agreement with those obtained in the 
first experiment. 

Five pounds of zinc sulfate applied broad
cast twice a year showed only a small increase 
in zinc uptake over similar application once 
a year, and the addition of wettable sulfur 
showed no advantage over zinc sulfate alone 
( Table 5). When applied in chunks, addition 
of wettable sulfur gave a small increase over 
application of zinc sulfate alone. 

Zinc sulfate applied as a foliage spray in 
January, 1956 gave a progressive increase in 
the zinc content of the 1956 spring flush 
leaves as the concentration of the spray was 
increased from three to 12 pounds of zinc sul-

fate per 100 gallons. However, the sprays gave 
no increase in zinc content of the 1956 sum
mer flush leaves when compared with the 
untreated checks. This failure of the sprayed 
zinc to move in substantial amounts into the 
newer flush tends to explain why such sprays 
must be repeated every year or two in qiost 
groves. 

Application of zinc sulfate to the soil in 
small piles is comparable to the use of hard
ened chunks in that both methods give a high 
concentration of zinc over numerous small 
local soil zones. The work of Jamison (5) in
dicates that this should induce greater total 
movement of zinc clown through the soil. In 
this experiment, application of zinc sulfate in 
small piles, either alone or with wettable sul
fur, gave slightly lower zinc levels in the 
leaves than similar amounts applied broad
cast or in chunks. However, when five pounds 
of zinc sulfate was mixed with five pounds 
of calcium chloride and applied in small piles, 
it gave a very striking increase in the zinc 
content of the leaves. The 1956 spring flush 
leaves contained 170 ppm. of zinc. This is 
nearly three times as high as that obtained 
from a foliage spray at 12 pounds of zinc 
sulfate per 100 gallons, and is four times 
greater than that obtained from any other 
soil treatment. The younger 1956 summer 
flush leaves contained 82 ppm of zinc, which 
is twice as much as the highest level from any 
other treatment. Several extra samples of 
leaves were taken and analyzed to verify these 
unusually high values. In the spring flush they 
approach the high leaf zinc levels reported by 
Brown ( 2) for citrus seedlings grown in pots 
of soil in which zinc sulfate had been mixed 
at the rate of 100 pounds per acre. 

It would appear that the high concentra
tion of. soluble calcium supplied by the cal
cium chloride replaced most of the zinc fixed 
by the soil in exchangeable form, or by satur
ating the exchange complex with calcium, pre
vented fixation of zinc in exchangeable form. 
This would permit more of the zinc to leach 
downward into the root zone where it could 
be taken up by the trees. 

It was not possible to prepare hardened 
chunks by mixing zinc sulfate and calcium 
chloride with water even when cement was 
added, but satisfactory chunks were made by 
mixing five pounds each of zinc sulfate, cal-
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cium chloride, and wettable sulfur with water. 
Application of these chunks, however, showed 
no advantage over similar chunks containing 
only zinc sulfate and wettable sulfur, and 
both of these treatments gave leaf zinc levels 

far below those given by the mixture of zinc 
sulfate and calcium chloride applied in piles. 
This may be due to the slow breakdown of 
the chunks, but it may also be due in part to 
lowering of the soil pH by the sulfur. Various 

Table 5 • Etf'ect ot amount and method of application of 
zinc sul.f'ate on the zinc content ot Pineapple 
orange leaves. 

Zinc sul.tate 
Lbs/tree 

2 
2 
2 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 

5 
5 
5 

3/100 galo 
6 II II 

12 " " 

(Plots) 

Treayne~ 

5 

5 
5 

5 

other Material 
Lbs/tree 

ws 

ws 
ws 

ws 
5 ws 
5 W S 

l'foe ot 
times 
applied 

(a) 

1 
2 
1 
1 
2 
1 
2 

1 
2 
1 
2 

150 ml Ethom.een T-15(c)l 
5 W s 
5 CaCl2 

5 W s 
5 CaCJ.i 

1 

1 
l 
1 

1 Ca(0H)2/100 gal. l 
2 " • • l 
4 • • " 1 

Check 

Gm.so Zno 
applied 
per tree 

328 
656 
328 
820 

1640 
820 

1640 

820 
1640 
820 

1640 

820 

820 

820 
820 
820 

None 

Bow 
applied 

pm sine (b) 

Spring Summer 
nuh nuah 

B&J3d 
• 
• 
• • 
• • 

Clnmka 
• • 
• 
• 

26 
38 
42 
32 
33 

38 
4D 

Sm. piles 26 
• " 31. 
" " 170 

Foliage 31 
Spr&1' 44 

• 60 

23 

21 
32 
28 
33 
35 
29 
33 

30 
35 
35 
4l 

30 

35 

28 
26 
82 

22 
23 
24 

25 

(a) Where 2 applicationa are shown, the, were made about 6 110110 apart, the second 
one being made in Apr. 19560 

(b) 1956 flushes, sampled Auguat, 1956. 

(c) Cationic wetting agent (Armour Chemical Din.sion, Armour & Co0 ) 
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mixtures of zinc sulfate and calcium chloride 
are being studied further as a possible source 
of zinc suitable for soil application to citrus 
trees. 

SUl\Il\IAHY 
A study was made to compare the effective

ness of soil application of different zinc 
sources to citrus trees growing on acid soil. 
Zinc sulfate and chelated forms of zinc were 
tagged with radioactive zinc-65 and leached 
through pots of Lakeland soil adjusted to dif
ferent pH levels to study their leaching prop
erties. Counts made on the leachates indi
cated that ZnEDTA and ZnDCTA (zinc 1, 2 
diaminocyclohexane tetraacetate) were much 
more effective in carrying zinc through the soil 
than was zinc sulfate. Virtually none of the 
zinc sulfate was leached through the pots . 

In a field experiment with Pineapple orange 
trees, zinc sulfate and three zinc chelates were 
about equal in increasing the zinc content of 
the leaves when each was applied · once a year 
at 100 grams of zinc per tree per application. 
The highest zinc contents were found in the 
leaves from trees that received two pounds of 
zinc sulfate per tree per application. 

In a second field experiment, a single ap
plication of five pounds zinc sulfate per tree, 
applied broadcast, in hardened chunks made 
by mixing it with water, or in small piles scat
tered around the trees gave a slightly higher 
zinc content of both spring and summer flush 
leaves than foliage sprays applied at the rate 
of three pounds of zinc sulfate per 100 gal
lons. Foliage sprays at 6 and 12 pounds of 
zinc sulfate per 100 gallons substantially in-

• creased the zinc content of the spring flush 
over that obtained with the three-pound rate, 
but failed to increase the zinc content of the 
summer flush leaves. A mixture of five pounds 
zinc sulfate and five pounds calcium chloride, 
applied in small piles beneath the trees, increas
ed the zinc content of the spring flush leaves to 
170 ppm, and that of the younger summer 
flush leaves to 82 ppm. Both figures are un
usually high for mature citrus trees growing 
in the field. 
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INCREASED UTILIZATION OF GRAPEFRUIT 
THROUGH IMPROVEMENT IN QUALITY 

OF PROCESSED PRODUCTS1 

F. w. WENZEL AND E. L. MOORE 

Florida Citrus Experiment Station 

Lake Alfred 

Increased utilization of grapefruit is needed 
because the present supply is in excess of de-

1/Cooperative publication by the Florida Citrus 
Experiment Station and Florida Citrus Commission. 
Florida Agricultural Experiment Station Journal 
Series No. 564. 

mand. The average financial return to grape
fruit growers has been small during recent 
years. During the 1955-56 season 48 percent 
of the grapefruit crop used was for processed 
products, such as canned grapefruit juice, 
canned grapefruit sections, and frozen con
centrated grapefruit juice. Obviously, large 
amounts of these products are being bought 
by consumers, but improvements in the quality 
of some of the products packed could and 
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should be made. Better c1uality in processed 
grapefruit products should lead to increased 
demand and subsequently to increased utiliza
tion of grapefruit. 

This paper will discuss briefly (a) utiliza
tion of Florida grapefruit for processed prod
ucts, ( b) factors which affect the quality of 
processed grapefruit products, and ( c) past 
and current investigations of the Florida Citrus 
Experiment Station and the Florida Citrus 
Commission concerning factors upon which 
the quality of processed grapefruit products 
depends . 

UTILIZATION OF FLORIDA GRAPEFf\UIT 

There has been a gradual increase in the 
production of Florida grapefruit from about 
18 million boxes for the 1936-37 season to a 
peak production of about 42 million boxes dur
ing the 1953-54 season; for the past two sea
sons approximately 35 and 38 million boxes 

have been produced. During the same time 
production of Florida oranges has increased 
from 19 million boxes in 1936-37 to over 91 
million boxes during the 1955-56 season. It 
may be seen from the figures in Table 1 that 
the utilization of grapefruit by the Florida 
citrus processing industry has gradually in
creased over the years. For example, about 38 
·percent of the grapefruit used in the 1936-37 
season went into processed products com
pared to 48 percent during 1955-56. The 
maximum utilization occurred in 1945-46 
when 69 percent was processed. The use of 
oranges for processing has increased from 3 
percent during the 1936-37 season to about 
37 percent in 1946-47 and to 71 percent in 
1955-56. This, it is evident that currently al
most 50 percent of the grapefruit and over 70 
percent of the oranges grown in Florida are 
being used for processed products. This is in 
marked contrast to the situation in and prior 

Tm.Bl 

Season 

1936-37 

1941-42 

1946-47 

1951-52 

1~2-5.3 

l95J-S4 

1954-SS 

19S5-S6 

Utilization ot !'lorida Grapefruit - !'rash and Prooeased l, 2 

F:reah fruit Fruit Fresh and 
salee processed prooeaaed 

Thousands Thouaands Thousands 
of boxes ot boxes ot boxes 

11,233 6,759 17,992 

8,956 10,14.3 19,099 

10,414 15,866 26,280 

19,172 1.3,678 32,BS0 

17,.305 15,0.35 .32,340 

20,451 20,089 40,540 

19,26.J lS,660 34,923 

19,925 18,661 J8,S86 

Processed 
% ot total 

37.6 

5.3.1 

6o.4 

41.6 

46.5 

49.6 

44.8 

48.4 
l figures aboTe for boxes for 195.3-54 and previous seasons from Florida Citrus Fruit -

1955 Annual &immar7, prepared b7 Paul E. Shuler and J. c. Towsend, Jr., with the 
cooperation of Florida Crop and Livestock Reporting Service, Orlando, norida, 
norida Citrus Camaiasion, Lalcal.and, Florida, Florida Department of Agriculture, 
Nathan Mqo, Coaniaaioner, and J&ricultural Marketing Service, u.s. Department of 
Agriculture. 

2 Figures above tor boxea tor 1954-55 and 1955-56 frm Annual Reports, Citrus and 
Vegetable Inspection Division, Florida Department of .Airiculture, Winter Hann, 
Florida. 
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TABLE 2 

Quantity ot Florida Grapetruit Used tor Packa ot Major Prooesaed Produota prior to the 1952-53 Seaeon 1 , 2 

Processed 1936-37 1941-42 191/,-47 1951-52 
grapetrui t Boxes ~ Boxes % Boxes :l Boxes ~ 
produot 

Canned Juice J,057,179 51.9 5,683,874 58.0 7,584,708 49.0 6,812,089 56.J 

Canned blended juice 90,367 1.5 1,123,932 ll.5 4,273,355 27.7 2,736,950 22.7 

Canned sections 2,701,714 45.8 2,852,107 29.2 3,453,827 22.4 2,290,301 19.0 

Canned ci true salad 49,205 o.s 122,694 1.3 140,357 0.9 238,054 2.0 

Totals 5,89B,.4h5 100.0 9,782,607 100,0 15,452,247 100.0 12,077,394 100.c, 

1 Figures above for field boxes furnished by and used throu,ih the courtesy of the Florida Canners• 
Aaoooiation, Vinter Haven, Florida, · 

2 
F!EUres above do not include utilization of grapefruit tor other procened produota, suoh u prooea■ed 
grapefruit oonoentrate, 

to 1936, when most of the oranges and grape
fruit from Florida were sold as fresh fruit. In 
view of these facts, it is time that more em
phasis be placed by growers and processors 
on the production and use of citrus fruits hav
ing internal quality necessary for the produc
tion of processed products of good quality. 

The quantity of grapefruit used for the pro
duction of the more important processed 
grapefruit products is shown in Table 2 for 
some seasons prior to the 1952-53 season. 
Statistics presented in Table 3 show that the 
four products that have been the best outlets 
for grapefruit during the past five seasons 
have been canned grapefruit juice, canned 
grapefruit sections, canned blended juice, and 
frozen grapefruit concentrate. Perhaps it 

should be pointed out, since both seedless and 
seedy grapefruit are produced, that during 
the 1955-56 season 75 percent of the seedy 
grapefruit was sent to commercial canneries 
but the corresponding amount of seedless 
fruit was 32 percent. 

During the last five years utilization of 
grapefruit (Table 3) for canned juice has 
varied from less than 7 to more than 11 mil
lion boxes, while that for blend has varied 
only slightly; these two products in 1955-56 
provided an outlet for about 11.8 million 
boxes or 66.4 percent of the total grapefruit 
used by processors in the major processed 
products. 

Since the 1946-47 season, the pack of 
canned grapefruit sections and citrus salad 

TABLE .3 

~tit;r ot norida Gra~tnlit Used tor Paaka ot Major Proo•ued Produota .trom tbe 1951-52 
Seuon tbrougb tho 1955-56 Season l, 2 

Prooessed 1951-52 1952-5.3 1953-5!! 1954-55 1955-56 
grapetnlit Boxes ~ Boxes % Boxes % Boxea % Boxes ~ 
produot 

Canned Juioe 6,812,089 S0.6 8,.3.38,569 56.2 ll,459,550 58.0 8,226,991 5.3.8 9,585,095 5.3.8 

Canned blended juioe 2,7.36,950 20,4 2,.371,54) 16.0 2,797,251 14.l 2,074,.358 l).6 2,2.36,4.37 12.6 

Canned Hotiona 2,290,.301 17.1 2,55.3,104 17,2 .3,lll,999 lS.7 .3,.367,061 22.0 .3,179,466 17.8 

Canned oi true salod 2.38,054 l.8 289,489 l.9 .379,686 l.9 .326,857 2.l 295,622 l.7 

h-ozen concentrate l,084,986 8.l l,l59,l7.3 7.8 l,682,141 8.5 l,065,480 7,0 2,128,620 12.0 

J'rozen blended 268,2.31 2.0 1)),785 0,9 .358,429 l.8 224,586 l.5 .365,UO 2.l 
concentrate 

Totals · l.3,4.30,6ll 100.0 14,845,66.3 100.0 19,789,056 100.0 15,285,.3.3.3 100.0 17,790,.350 100.0 

l l'icur•• al>ove tor !ield boxes turniahod b;r and used tbrougb tbe courtea;r or tbo Florida Ce:nnera I Aaaooiation, 
Wintv HaYen, Florida. 

2 l"icurea above do not include utilization or g:rapefrui t tor other prooeasod produots, auob aa prooooaed il"&pefrui t 
oonoontrato, trozon g:r•~t aections, obillod grapotnlit ooctiona and aalod, or cbilled gr~tnlit Juico. 
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has ranged from approximately 4 to 6 million 
cases (24/2's). During the 195.5-56 season al
most 3Jf million boxes of grapefruit were used 
for canning about 5)f million cases of grape
fruit sections and salad, which corresponded 
( Table 3) to 19.5 percent of the total grape
fruit used. Through the use of grapefruit of 
suitable quality and good processing pro
cedures, canned sections of excellent quality 
may be obtained. Such a product has always 
met with good consumer acceptance, and it is 
believed that the increased sale of canned 
grapefruit sections, both in this country and 
in foreign countries, would provide a means 
for the utilization of some of the excess grape
fruit now available. Since Florida produces 
over 70 percent of the world crop of grape
fruit, it would seem that the potential possi
bilities for export of canned grapefruit sec
tions should be very great. It is difficult to 
understand why in recent years the grapefruit 
section pack continues to be only approxi
mately double what it was in the 1930-31 
season. 

The largest production oi frozen concen
trated grapefruit juice occurred during the 
1955-56 season, when over 2Jf million gallons 
were produced from about 2J~ million boxes of 
fruit. In contrast to this, during the same sea
~on over 70 million gallons of frozen con
centrated orange juice were produced. Thus, 
it is evident that the acceptance and use of 
frozen grapefruit concentrate by consumers 
has been far below that of frozen orange con
centrate. There was a sharp drop in produc
tion during the 1950-51 season of frozen 
grapefruit concentrate to only about 188,000 
gallons caused by poor acceptance of the 1.6 
million gallons of this product packed in the 
previous year. The size of the frozen grape
fruit concentrate pack has just in recent seasons 
reached and during 1955-56 exceeded what 
it was six years ago in its second season. 

About 17~ .. million boxes of grapefruit were 
used in 1955-56, by the processing industry 
for the production of the major grapefruit 
products listed in Table 3. Canned grapefruit 
juice provided an outlet for 53.8 percent of 
this fruit and 17.8 percent was used for the 
canning of grapefruit sections. In the produc
tion of the canned blended juice and frozen 
grapefruit concentrate packs, 12.6 and 12.0 
percent of fruit were used, respectively. 

Canned citrus salad and frozen concentrated 
blended juice together accounted for 3.8 per
cent. The utilization figures given in Tables 2 
and 3 are only for the more important products 
listed and, therefore, are slightly less than the 
actual total amounts of grapefruit used for 
processing. Some fruit also was used for 
products such as concentrated processed grape
fruit juice, chilled grapefruit juice, and chilled 
grapefruit sections and salad. Thus during the 
1955-56 season, 544,070 boxes and 262,099 
boxes of grapefruit were used for chilled sec
tions and juice, respectively. 

QUALITY OF PROCESSED GRAPEFRUIT PRODUCTS 

The meaning of the term, quality, depends 
upon both the person using the term and the 
products to which the term is applied. For ex
ample in speaking of fresh grapefruit, growers 
and shippers place considerable emphasis on 
the external appearance of fruit, provided it 
meets maturity standards for internal quality, 
while processors are chiefly concerned with the 
internal characteristics of the fruit. Thus, the 
concentrator is more interested in the total 
soluble solidg in the juice than he is in having 
fruit free of external blemishes. In packing un
sweetened canned grapefruit juice, the use of 
fruit containing juice of low acidity and high 
Brix/acid ratio is extremely important, while 
fruit with a greater acid content, provided that 
it is not excessive, may be used for the pro• 
duction of sweetened processed grapefruit 
products. 

The definition of quality for processed citrus 
products should be based upon the desires and 
opinions of consumers, because the demand 
for these products depends to a great extent 
upon such desires. Of course, the price that 
consumers have to pay for these products is 
another factor and perhaps the major one 
which influences total demand; also, today 
ease of use or convenience is becoming con
tinually of greater importance to the house
wife. Recently, Florida Citrus Mutual has re
viewed ( 22) some of the consumer surveys ( 5, 
7, 24) which have been made during recent 
years to determine the characteristics of pro
cessed grapefruit products which consumers 
considered to be acceptable and of good qual
ity. The canned grapefruit juices used for one 
of these surveys ( 4, 5) were packed in the 
pilot plant at the Citrus Experiment Station. 
Other reports on consumer surveys ( 4, 6) con-
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cerned with this problem have also been pub
lished. Very briefly and in general, most of 
the results from these surveys have indicated 
that most consumers prefer grapefruit products 
that have a typical grapefruit flavor, are mod
erately sweet and not excessively bitter. 
Therefore, these three characteristics may be 
used as an indication of quality in canned 
grapefruit juice and other grapefruit products. 
Characteristics other than these also influence 
the quality of such products. For example, 
canned grapefruit sections of good quality 
should also be firm and uniform in size and 
appearance; discoloration and undesirable fla
vors in sections, caused by poor storage con
ditions, are not desirable. Likewise frozen 
concentrated grapefruit juice should show no 
tendency to gelation, should reconstitute easi
ly and then be free from indications of sepa
ration or clarification. 

To improve the quality ot processed citrus 
products, both growers and processors should 
consider factual information that has been 
made available through past research investi
gations concerning the factors that affect the 
quality of these products. They should also be 
aware of current research projects, the ulti
mate practical object of which is the profit-

. able utilization of the entire grapefruit crop 
either by improvement in the quality of the 
major processed products that are now 
packed; thereby causing better acceptance 
and more demand, or by the development of 
new processed products or by-products that 
will provide other outlets for this fruit. Some 
of these research investigations, that have been 
completed or are in progress, at the Citrus 
Experiment Station will be discussed briefly. 
Principal emphasis concerning processed prod
ucts has been placed on the factors affecting 
the quality of canned grapefruit sections, 
canned grapefruit juice and frozen concen
trated grapefruit juice. 

An investigation on the effect of storage 
temperature on quality of canned grapefruit 
sections was discussed by Huggart, Wenzel 
and Moore ( 9). Results indicated that for 
maintenance of original good quality in 
canned sections, the products should be held 
at 70° F. or lower. Marked changes in color, 
flavor and firmness that result in lower quality 
in this product occurred at storage temper
atures of 80° F. or above. Another study ( 10) 

recently completed has shown that the dis
coloration or browning of canned grapefruit 
sections during storage is related to the acidity 
in the canned product, which is dependent 
upon the acid content of the grapefruit used. 
In general, browning occurred during storage 
more frequently in the canned sections with 
the greater acidities. 

The effect of cultural practices on the 
quality of canned grapefruit sections has been 
subject to investigation during the past three 
seasons. Discussion of the data obtained when 
canned grapefruit sections were processed 
commercially from fruit grove plots that were 
treated with fertilizer containing various 
amounts of potash has been reported ( 27). It 
was found, as is generally known, that the 
time at which grapefruit are harvested is a 
factor affecting the quality of canned sec
tions; also that when grapefruit were picked 
at the same time from trees which had re
ceived fertilizer containing 0, 3, and 10 per
cent potash, the firmness of the canned sec
tions decreased with increase in the amount 
of potash. A similar study using arsenated and 
unarsenated grapefruit will be completed this 
season. 

Research has been done on various problems 
concerning the production and storage of froz
en concentrated grapefruit juice. Data on 
changes that occur in this product during stor
age, such as gelation, clarification, sugar hy
drate formations and the very slight· loss of 
ascorbic acid have been published in various 
articles ( 2, 8, 13, 14, 15, 18, 25). Thermal 
stabilization of grapefruit juice for the produc
tion of frozen concentrate has been found 
necessary to prevent the occurrence of gela
tion and clarification in this product during 
storage and distribution. Atkins, Rouse and 
others (1, 2, 3, 19, 20) have reported results 
obtained from several investigations of this 
process for the production of frozen grape
fruit concentrate of good quality. During stor
age at o· F. or lower, undesirable flavors may 
develop in frozen grapefruit concentrate. Such 
off-flavors are usually described as being simi
lar to tallow, castor oil, or cardboard. Results 
of the study since 1953 of this problem were 
recently reported ( 17). Oxidative changes are 
believed to be involved in the development of 
these off-flavors and it has been found that 
the maintenance of a sufficiently high peel oil 
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level in grapefruit concentrate helps to pre
vent either the development or the detection 
of these undesirable flavors. Two investiga
tions were instigated, during the 1955-56 
season, at the request of the Quality Advisory 
Committee of the Florida Canners' Associa
tion to determine factors that affect the qual- . 
ity of frozen grapefruit concentrate. The first 
of these studies was the determination of most 
of the chemical, physical and other characteris
tics of 28 packs of commercial frozen grape
fruit concentrate that were collected from 11 
Florida plants. The purpose of the second 
study was to obtain data that might indicate 
the relationship between the quality of raw 
grapefruit juice and that of the frozen grape
fruit concentrate produced from it. Fruit 
from different localities were obtained and 11 
lots were processed in the pilot plant. Data 
obtained from these two investigations were 
presented recently ( 28) and similar studies 
are again planned for this season. The effect 
of fruit maturity on the quality of frozen 
grapefruit concentrate is also being studied 
intensively. 

The presence of the bitter glucoside, naring
in, is the chief cause of bitterness in processed 
grapefruit products. Kesterson and Hendrick
son ( 11) found no significant difference in 
the amount of naringin in juices extracted 
from different varieties of Florida grapefruit 
and also reported that most of the naringin was 
in the albedo, rag and pulp of the fruit. The 
degree of bitterness in canned grapefruit juice 
or frozen concentrate is dependent upon the 
juice extracting and finishing procedures used, 
since the quantity of pulp, rag, and albedo in 
the processed product is determined by these 
procedures. A method for the estimation of 
naringin was devised by Ting ( 23) that is 
based on the enzymic hydrolysis of it by a 
glycosidase. With further modifications, this 
method may provide the processor with a 
laboratory procedure for determining, and 
thereby controlling, the degree of bitterness in 
processed grapefruit products. 

Some work also has been started by Olsen 
( 16) to develop uses for grapefruit in products 
different from those that have been previously 
discussed, with emphasis on the utilization of 
grapefruit of high acid content. A canned 
pasteurized grapefruit product has been made 
from very sour grapefruit juice by the addi-

tion of sugar and a small amount of peel oil 
and when this product is mixed with an equal 
volume of water, a very palatable grapefruit 
drink is obtained. A clarified grapefruit con
centrate of good quality has been prepared 
and the preparation of either a still or car
bonated grapefruit drink from this product is 
being· investigated. Canned blended fruit 
juices of various types are being consumed in 
larger quantities yearly and, therefore, the use 
of grapefruit juice in various types of blends 
may be investigated during this season; sev
eral packs for storage studies may be pro
cessed. 

From this discussion it should be evident 
that a great amount of research has been and 
is being done at the Citrus Experiment Station 
on problems related to the quality of processed 
grapefruit products. 

Now let us consider what the grower and 
processor can do to improve the quality of 
processed grapefruit products. One of the 
major problems that confronts the processor 
in his attempt to make products of uniform 
and acceptable quality is the great variation 
throughout the entire packing season in the 
internal quality of grapefruit that he has to 
use. This wide variation in fruit exists because 
of many factors, such as differences in varie
ties, maturity, cultural practices, rootstock, soil 
and weather conditions. Sites and Camp (21) 
discussed some of these factors in relation to 
the use of citrus fruits, chiefly oranges, for the 
production of frozen citrus concentrates. Wen
zel and Moore ( 26) reported on the character
istics of concentrates made from different 
varieties of citrus fruits, including grapefruit. 

In general the flavor of processed products 
made from seedy grapefruit is better than that 
in products made from seedless grapefruit. 
Other factors causing wide variations found 
in the quality of grapefruit sold for processing 
are the use of fruit from packing houses which 
is not suitable for fresh shipments, the fact 
that only a portion of the grapefruit crop is 
arsenated, the increased production and use 
of pink grapefruit, and the tendency for 
grapefruit trees to bloom and set fruit at dif
ferent times during the same season. Since 
such great variation exists in the quality of 
fruit throughout a season, processed products 
of variable quality will result if such fruit is 
used at random. If products of acceptable, 
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uniform, and improved quality are to be 
packed, the processor must eliminate the 
grapefruit, which he receives from either pack
ing houses or groves, that is not suitable for 
use in the specific type of processed product 
that is being packed. Also for the complete 
utilization of the grapefruit crop, culled fruit 
that cannot be either sold as fresh fruit or 
used in processed products, will have to be 
diverted to some other use, such as the pro
duction of citrus by-products as recently sug
gested by Kesterson, Hendrickson and New
hall in a report ( 12) to a Grapefruit Study 
Committee of Florida Citrus Mutual. If such 
culled fruit cannot be profitably used for 
some other purpose, then it will be better to 
return it to the grower to be discarded rather 
than to impose it upon consumers as canned 
grapefruit juice or frozen grapefruit concen
trate of poor and unacceptable quality. Grow
ers should realize that some of the grapefruit 
that is being produced cannot be made into 
canned grapefruit juice, canned sections or 
frozen concentrate of good quality. It is sug
gested that growers find out more about the 
internal quality of grapefruit that ,is needed 
by processors for the production of products 
of good quality; then using information avail
able about the relation of cultural practices 
and other factors to the internal quality, do 
what they can to produce fruit that will be 
suitable and desirable for the production of 
one or two specific processed products. 

Much more information is needed before 
such characteristics as flavor or degree of 
bitterness in grapefruit may be subject to 
control by the grower through cultural or other 
practices. However, growers can control to 
some extent the acidity in grapefruit by ar
senation; also fertilizer constituents, such as 
potash, have an effect on this characteristic. 
Therefore, growers can do something about 
the production of grapefruit with a low acid 
content or high Brix/acid ratio, which is de
sirable for producing processed products of 
good quality and especially those that will not 
be sweetened by the addition of sugar. It is 
realized that problems are encountered when 
arsenation is used, but such treatment pro
vides the principal methotl for the production 
of less tart or sweeter grapefruit either early 
in the season or during mid-season. Regardless 
of the cultural practices used, it is very im-

portant that growers do not harvest the crop 
until the fruit has reached its optimum ma
turity and a desirable Brix/acid ratio obtained 
for the specific use for which it is intended. 

Since the internal quality of the fruit is one 
of the major factors that -determines the qual
ity of processed products, processors should 
obtain and use only the kind of grapefruit that 
is needed to produce products of good quality. 
During the past season most of the concen
trators, who packed frozen grapefruit con
centrate, made an effort to obtain fruit of 
better internal quality than that previously 
used; this was done following recommenda
tions of the Quality Advisory Committee of 
the Florida Canners' Association and surely 
was a step in the right direction. 

Some incentive to the grower for the pro
duction of grapefruit of good quality would 
be provided if processors found it economical
ly possible to pay for grapefruit on the basis 
of its internal quality, as they are now doing 
for the procurement of oranges of high solids 
content for frozen orange concentrate. 

Processing procedures and techniques deter• 
mine to some extent the quality of all pro
cessed citrus products. For example, the de
gree of bitterness in canned grapefruit juice 
or frozen concentrate may be varied by juice 
extracting and finishing procedures. During 
the past season some processors have de
creased the bitterness in packs of canned 
grapefruit juice and frozen concentrate by 
voluntarily making changes in extracting and 
finishing procedures, even though such 
changes resulted in a decrease in the yield of 
juice. Such efforts are to be commended and 
should result in an increased demand for these 
products of better quality. Thermal stabiliza
tion of grapefruit juice used in the production 
of frozen concentrate has been found to be 
necessary to prevent gelation and clarification 
in this product during distribution and stor
age. Adjustment of the amount of peel oil in 
frozen concentrate is also necessary for de
sirable intensity of flavor and to help prevent 
the occurrence or the detection of "oxidized" 
off-flavors that may occur during frozen stor
age. Unsweetened canned grapefruit juice and 
unsweetened frozen concentrate should be 
made only from fruit that is fully mature and 
from juice which has a Brix/ acid ratio within 
the range that has been shown by various sur-
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veys to be acceptable to consumers. When 
sweetened products are packed from low 
ratio fruit, excessive amounts of sugar should 
not be added since dilution of the flavor in 
the product will result. All processed grape
fruit products should be stored under condi
tions which will minimize changes in flavor 
that occur if the temperature and time of stor
age are too great. Storage of canned grape
fruit juice and sections at temperatures lower 
than 80' F., if possible, is advisable and frozen 
concentrate should be stored at 0° F. or lower. 

It is hoped that this brief discussion will 
help growers to understand some of the prob
lems involved in the production of processed 
grapefruit products of good quality and to 
realize that the production of products which 
will be acceptable to most consumers depends 
to a great extent on the internal quality of 
the grapefruit which the processor uses. 

SUMMARY 

Statistics presented show that canned grape
fruit juice, canned blended juice, canned 
grapefruit sections, and frozen grapefruit con
centrate are the principal products into which 
Florida grapefruit are processed. About 48 per
cent of the grapefruit crop was used during 
the 1955-56 season in these and other pro
cessed grapefruit products. 

Research investigations concerned with fac
tors, such as bitterness, acidity, flavor and 
stability, that affect the quality of processed 
grapefruit products are briefly discussed. 

In order that improvement may be made in 
processed grapefruit products, it is suggested 
that growers produce fruit of such internal 
quality that most of it can be processed into 
products of good and acceptable quality; also, 
if possible, that grapefruit which will not be 
sold as fresh fruit should be produced with 
internal quality suitable for use in one or two 
specific processed products. It is suggested 
that processors use only fruit of such internal 
quality that will result in the production of 
products of good and acceptable quality; that 
processing procedures which affect quality be 
carefully controlled and that processed prod
ucts be stored at all times under optimum 
conditions for maintenance of their initial good 
quality. 

Complete utilization of the Florida grape
fruit crop should be possible through the sale 

of fresh fruit and processed grapefruit prod
ucts of good quality, together with the diver
sion to the production of citrus by-products 
or other uses of all fruit that cannot be used 
for these purposes because of poor internal 
quality. 
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LONG RANGE RELATIONSHIPS BETWEEN 
WEATHER FACTORS AND SCALE 

INSECT POPULATIONS 
ROBE RT M. PnATT 

Florida Citrus Experiment Station 

Lake Alfred 

Forecasts of scale infestations can be based 
in part on annual and seasonal cycles, but to 
forecast the level the population will reach at 
any given time, it is necessary to know some
thing of the factor~ which cause deviations 
from the long term average population. 

The abundance of scales and other insects 
and mites is regulated by many interacting 
climatic and biological factors. The total ef
fect of these can be determined only by field 
observations. Methods of determining the 
populations of scales and other insects and 
mites have been described previously ( 1). A 
continuous record for nearly six years is now 
available. It is not possible to evaluate all of 
many individual factors separately on the basis 
of field records, but some can be isolated in 
the laboratory, and others are of sufficient im
portance to be recognized even in the presence 
of other influences. Certain climatic factors 
which have been found to have an influence 
on the population of Florida red and purple 
scales are discussed here. 

FLORIDA RED SCALE 

The population of Florida red scale, Chry
somphalus aonidium (L.), reaches a peak 
sometime in July each year. This is followed 
by a declining . trend that continues into Sep
tember. In the five years for which a con-

Florida Agricultura l Experimen t Sta tion Journal 
Series , No. 563. 

tinuous record is available, there have been 
two years in which the population was almost 
constant at a low level from October through 
February. In the other three years, the aver
age infestation has increased sharply in Octo
ber and reached a high level by the middle of 
November. Obviously, it is advantageous to 
citrus growers to know as far ahead as possible 
whether such a fall red scale outbreak will 
occur. 

It has been known for several years that 
when the red scale activity index ( 1) in
creased to a high level in August, a high pop
ulation in October and November would fol
low. This observation was used successfully in 
forecasting the severe outbreak that occurred 
in .the fall of 1955. The ecological factors in
volved in this pattern were not known. Since 
the trend was discernible as early as the first 
week in August, obviously, the factors respon
sible had to have occurred before this time. A 
critical examination of a graph showing per
cent of leaves infested showed that in the 
years when fall outbreaks occurred, a higher 
population level occurred as early as mid-July, 
so the climatological data from the months 
preceding that date were examined. Among 
the factors considered were rainfall ( Table 1) 
and temperatures, as reflected by monthly 
summation of Heating Degree Days (Table 
2). Note that in measuring the amount of cold 
weather in degree days, a low value indicates 
warm weather and a high value indicates cold 
weather, 

Red scale infestations were computed for 
comparison as the maximum infestation in 
October or November, and as the average 
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Table 1 

Rainfall 1951-56* 

Year December Jamary February March April 

1950-51 2.56 1.36 2 .53 1.68 4.96 
1951-52 1.94 .49 5.96 4.,n .84 
1952-53 .59 3.51 2.99 3.61 4.90 
195.3-54 4.10 1.38 1.50 2.23 3.85 
195Ai-55 1.39 2.25 1.75 .91 2.67 
1955-56 1.08 1.89 · .99 .38 2.30 

*Compiled !l'Olll Weekly Weather am Crop Summary. 

percent of leaves infested, August through 
December (Table 3). 

To seek a basis for comparison, the years 
of the record were divided into two groups, 
one including the three years ( 1951, 1954, 
1955) in which a fall outbreak occurred, and 
one including two years ( 1952, 1953) in 
which red scale populations were negligible 
in the late summer and fall. The climatological 
data for these two groups of years were then 
examined for differences. The months were 
considered individually and in various com
binations. Inspection of the population data 
and the climatological records indicated that 
the greatest difference in temperature and 
rainfall between the two groups of years oc
curred in March, but that the most consistent 
relationship between climatic factors and 

scale population was for the period, January 
through March. Where a substantial differ
ence between the two groups of years was 
found, the coefficient of correlation between 
the weather factor and scale population was 
computed. These comparisons are summar
ized in Table 4. 

The correlation between the highest level 
of activity in August and the average infesta
tion, August through December, is significant. 

The correlations between the cold weather 
factor ( degree days, January through March) 
and both the August activity and fall average 
population is highly significant. 

The negative correlation between the total 
rainfall, January through March, and August 
activity is not significant, but between rain 

Table 2 

Heating Degree ~s 1951-56* 

Year December J'anuar:r February March April 

1950-51 253 189 153 68 40 
1951-52 71 122 151 45 23 
1952-53 207 174 88 18 21 
195.3-54 145 118 124 146 2 
195Ai-55 275 2~ 123 78 4 
1955-56 147 309 S6 80 15 

*Computed b.r subtracting the daj_cy' mean temperature !l'Olll 65° F. am summing for 
the period. Data f'l'OJl J\ygrothermograph stations at Iske Alfred, Merritt Islam, 
Tavares, Lutz. am Avon Park. 
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FACTORS IN FALL RED SCALE POPULATION 

Fig. 1. Factors in Fall 

Red Scale Population. 
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and fall population, there is significance at 
' the 19 to 1 level. 

Thus there are two climatic factors that are 
significantly correlated with the red scale 
population in the late summer and fall. Un
fortunately, there have not been any years in 
the period of the record when the critical 
period was either warm and dry or cold and 
wet, so it is difficult to separate the two fac
tors. While the correlation between degree 
days and population is higher, it would be 
most unsafe to ignore the rainfall factor, It 
can only be said that the red scale population 
can be expected to be high in the fall, fol-

lowing a cold, dry winter, or low following a 
warm, wet winter. Factors related to fall out
breaks in the last six years are summarized 
in Fig. 1. 

Data for 1956 are not complete. The period, 
January through March, was both cold and 
dry, and the index of activity reached a high 
level in August, so a high population in the 
fall is to be expected. As of October 24, the 
average infestation was 3.0 percent. 

Red scale populations in January and Feb
ruary tend to be in proportion to the infesta
tion level in November and December. No 
clear basis for forecasting the population trend 

Table 3 

Red Scale: 
S'IIll!llaI'1 or Climatic Factors, Activity, and Population 

Inches Rain Degree Days Max. Aug. Fall Population 
Year Jan.-Mar. Jan.-Mar. Activity Average* Max. 

1951 5.57 410 3.42 3.0 4.5 
1952 11.42 318 3.11 1.6 1.6 
1953 10.ll 280 2 .71 1.4 1.5 
1954 5.ll 388 3.41 2.4 J.l 
1955 4.91 443 3.69 2.9 3.9 
1956 3.26 475 3.41 3.0° 

*Average percent of leaves infested, August through December. 
**Preliminary, October 24, 1956. 
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Table 4 

Correlations between Red Scale am Weather 1951-55 

Comparison 

August Activity**/Popuation*** · 
Degree Ihzy's, Jan.-Mar./August Activity 
Degree Days, Jan.-Mar./Popuation 
Rain, Jan.-Mar./A:ngust Activity 
Rain, Jan.-Mar./Popuation 

Correlation 
Coefficient Significance* 

19 : 1 
99 : 1 
99 : l 
n.s. 
19 .: l 

*Required for significance at the 19 : l level .878. 
Required for significance at the 99 : l level .959. 

**Maxilmlm activity level during the month. 
***Average percent of leaves infested, August through December. 

from March through June has been found, and 
there does not appear to be any relationship 
between populations in this period and those 
occurring in the fall. 

PURPLE SCALE 

Purple scale, Lepidosaphes beckii ( N ewm.), 
is regarded as the major scale pest of citrus in 
Florida. An examination of the annual popula
tion cycles for the last five years reveals that 
there is but little difference from year to year. 
This suggests that differences in the weather 
from year to year have less influence on the 
population level at any given season than is 
the case for other pests, such as red scale. 

There is, however, a well defined annual 
cycle. The population reaches a peak some-

time in July, the exact time apparently being 
determined by the time of the onset of the 
rainy season. Following the summer peak of 
infestation, the population declines rapidly 
until mid-September. This reduction has been 
attributed to a disease, Chytridiosis ( 2, 3). 
After September, there is a more or less regu
lar increase in population through the time 
when counts on old leaves are ended in May, 
and until a peak of infestation on new leaves is 
reached again in July. 

There is some year-to-year variation in the 
magnitude of the population. Examination of 
the population data revealed a small, but con
sistent, difference at the end. of December 
which permitted dividing the record into two 

Table 5 

lurple Scale Intestations in December, May, am ~ 

Percent Leaves Infested 
Max. Date of 

Year 4th Week-Dec. 4th Week-Ha;r ~ ~ Peak 

1951-52 8.5 22.5 10.9 1st Week 
1952-53 ll.l. 27.3 14.3 lat Week 
1953-54 8.3 29.2 18.3 1st Week 
195A,-55 u.s 28.8 17.2 2m Week 
1955-56 8.6 23.6 18.8 3rd Week 
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Table 6 

91 

Relation Between Degree Da)-a in December am Jamar.r to 
l\lrple Scale Poplll.ation the following December 

Degree Ila.Ya Percent leaves Infested in following December 
Year Dec.+Jan. lat Week 

1950-51 w. 9.2 
1951-52 19.3 10.8 
1952-5.3 .381 8 • .3 
1953-54 26.3 12.4 
1954,-55 517 7.7 

groups of years. In one group ( 1951, 1953, 
1955), the infestation was between 8 and 9 
percent. In the other years ( 1952, 1954), it 
was over 11 percent. These general relation
ships persisted until the following July (Table 
5), with the following exceptions: in May, 
1954, the population was higher than would 
have been expected from . the preceding De
. cember population, and the July population 
was proportional to that occurring .in May. In 
1956, the July peak was higher than would 
have been expected from the December and 
May levels. 

To find climatic factors correlated with the 
purple scale population in December, the 
records were examined in the same way that 
was used for red scale. A preliminary exam
ination of the records indicated that there were 
no differences in the summer and fall months 
that showed any consistent relationship with 
the scale population at the end of the year so 
attention was given to the records of the pre
vious winter ( see Tables 1 and 2) . 

No general relation between rainfall and 
population was found, but it was determined 
that there was a fairly constant inverse rela
tionship between the amount of cold weather 
in December and January and the purple scale 
population the following December (Table 
6). That is, the warmer this period, the higher 
the scale population. 

With the limited data available, a significant 
correlation (r= -.878: required for 19 : l 
-.878) was found only between the tempera
ture factor and the population in the third 
week of December, but it is not considered 

2m Week .3rd Week 4th Week Av. 

8.9 8.5 8.5 8.8 
11 • .3 11.5 11.1 11.2 
8 • .3 8.2 8 • .3 8 • .3 

12.3 12.1 12.8 12.4 
7.6 8 • .3 8.6 8.1 

that there is anything critical about this par
ticular time. Obviously, there is a very high 
correlation between the population in the 
third week and in the fourth week. 

With exceptions noted above, the popula
tions in May and July are proportional to 
those in December, and therefore to the De
cei_nber-January temperature factor . 

In 1954, the scale population was low 
through March, as expected, but the increase 
in population in April and May was rapid and 
a high level was reached. The peak popula
tion in July was proportionately high. 

Examination of weather records indicated 
that the only unusual occurrence was an un
seasonable cold spell early in March (see 

· Table 2). This was accompanied by a brief 
reduction in scale population and followed by 
an increasing trend. A significant correlation 
(r=.939) was found between the degree days 
in March and the change of scale population 
between that at the encl of December and that 
at the peak of population in July. There was 
also a significant correlation ( r= - .878) be
tween the lowest March weekly mean tem
perature and the change in scale population 
from the end of December to the end of May. 

In 1956, the scale population at the encl 
of May was relatively low, and in propo1tion 
to the population at the end of December, but 
the average infestation increased rapidly in 
June and July. When the peak was reached 
the third week in July, the population was at 
a record high level. There are indications that 
this was a result of the prolonged drought, but 
the evidence is not considered conclusive. 
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There was, however, a significant correlation 
(r= -.890) between the rainfall in the peri
od, January through March, and the ratio be
tween the May and July populations. 

In April of 1953, there was a brief decline 
in purple scale population at a time when a 
strongly increasing trend was to be expected. 
This coincided with an extensive rainy period. 
There was a highly significant negative corre
lation between the amount of rain in March 
and April ( see Table 2) and the population 
change in the same period (r= -.993: - .959 
required for significance at 1%). 

From the foregoing, it may be concluded 
that the purple scale population at the end 
of the calendar year is proportional to the 
temperatures in the preceding December and 
January (inversely correlated with the number 
of degree days) and that this general rela
tionship will persist through the peak of in
festations the following July, but the antici
pated general trend may be modified by sub
sequent weather conditions which have more 
immediate effects ( Fig. 2). If there is a late 
cold spell, the population following will be 
higher. If there is a wet spring, it will be lower, 
but if the spring is exceptionally dry, it will 
be higher than expected. 

FACTORS IN PURPLE SCALE POPULATION 
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Su.l\IMARY 

The population level of red scale in the fall 
months has been found to be correlated with 
the amount of cold weather in the period, 
January through March, and is negatively cor
related with the rainfall in the same period. 

When the index of red scale activitv has 
re~che? a high level in August, a high popu
lation m October and November has followed. 

The population of purple scale in Decem
ber is correlated with the amount of warm 
weather in the previous December and Jan
uary. 

The purple scale population in May and 
July is proportional to that in December un
less there is a spring drought or a late cold 
spell, in which case, the populations will be 
higher than indicated, or unless there is abun
dant spring rain, in which case, the purple 
scale population will be lower. 
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NOTES ON THE USE OF SYSTOX FOR 
PURPLE MITE CONTROL OF CITRUS 

ROGER B. JOHNSON' 

Florida Citrus Experiment Station 

Lake Alfred 

Systox has been shown to be effective 
against the purple mite, M etatetranychus citri 
McG., under Florida conditions. Spencer and 
Selhime ( 1) reported in 1954 that Systox at 
dosages of 1 pint or 1 quart per 100 gallons 
controlled citrus red mite ( purple mite) as 
well as oil emulsion, ovotran, aramite or EPN. 
Thompson et al. (2) also reported in 1954 
that the average period of control with Systox 
was 6 weeks, but that control for as long as 
13 weeks had been obtained with Systox as 
compared to only 8 weeks with DN Dry Mix 
or 3 quarts of an 84 percent oil emulsion. In 
addition, Systox has been used by growers in 
both ground and air applications with re
portedly satisfactory results at dosages that 
were sometimes very low. Since Systox is an 
expensive material, it is important that it be 
used efficiently. For this reason, experiments 
were conducted in 1955-1956 to obtain in
formation on the effect of date of application, 
dosage and thoroughness of application on the 
interval of control of purple mite with Systox. 

Systox is the trade name of an emulsifiable 
spray concentrate containing 21.2 percent of 
O,O-diethyl-0-2 ( ethylmercapto) -ethyl thi
ophosphate. The active ingredient, known as 

Florida Agricultural Experiment Stations Journal 
Series, No. 562. 

demeton, is reported to be about as toxic to 
warm blooded animals as parathion and is 
more readily absorbed through the skin. This 
means that the same precautions used in 
handling parathioi1 must also be employed 
with Systox. 

TIMING OF SYSTOX SPRAYS 

Jeppson et al. ( 3) demonstrated that the 
longest periods of control in California fol
lowed application of Systox during November 
and December although no application was 
made in January or February. These authors 
also reported that control tended to decrease 
progressively from March through September. 
Johnson and Thompson ( 4) reported that con
trol in Florida decreased from January to May, 
but had made no applications prior to January. 

A grove of thinly-foliated Valencias about 
8 to 10 feet in height at Haines City, Florida 
was used for an experiment to determine ef
fects of date of application. This grove was 
divided into three blocks, each 6 by 20 trees 
in size. Each block or replicate was divided 
into four plots. One plot in each replicate was 
sprayed in October, a second in December, 
a third in February, and the last in April. A 
different dosage or material was applied to 
each of three subplots of 10 trees each. De
tails of these applications are presented in 
Table 1. 

Control following the October application is 
shown in Fig. 1. Control is considered satis-
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Table 1 

Data on the application of sprays in experiment to determine effect .or time 
of application or Systox on purple mite control. 

Date or Application Spra7 Do~ !'respray Population 
Material per 100 

gallons 

Oct. 27, 1955 S,-Stox 1/2 pint 
Systox \1int 
DR Dry Mix 2 .3 lb. 

Dec. 22, 1955 Systox 1/2 pint 
Sy■tox l pint 
DR Dry Mix 2/.3 lb. 

Feb. 16, 1956 Systox 1/2 pint 
S,.stox 1 pint 
Ovotran l lb. 

Apr. 4, 1956 Systox 1/2 pint 
Systox 1 pint 
OVotran 1 lb. 

factory until the population exceeds 100 mites 
per 100 leaves. Systox at )f pint per 100 gal

_ lons gave control for a period of 63 to 71 days, 
· or about two weeks longer than DN Dry Mix 
No. I. Systox gave somewhat better results at 
the dosage of I pint, but, although both dos
ages of Systox were significantly better than 
DN Dry Mix No. I, there was no significant 
difference between the two Systox treatments. 

Control of purple mite with )f or I pint of 
Systox as well as% pound of DN Dry Mix No. 
I in December sprays is shown in Fig. 2. 
Systox at )f pint controlled purple mite for 63 
to 76 days while DN Dry Mix No. 1 gave con
trol for only 35 to 53 days. There was no 
significant difference between )f and I pint of 
Systox, but both dosages were significantly 
better than DN Dry Mix No. L 

Control of purple mite with February sprays 
is shown in Fig. 3. Systox at )f pint as well as 
ovotran at I pound controlled purple mite for 
60 to 7 4 days. Although mite counts were not 
continued long enough to determine the in
terval of control with I pint of Systox, mite 
populations where this dosage was used re
mained low even 73 days after application. 

per I?!r 100 lMves 
acre Mites Eggs 

2.7 pints 100 80 
5.2 pints 100 80 
2.9 lbs. 100 80 

2 • .3 pints 550 (,CJO 
4.0 pint■ 550 690 
2.8 lbs. 550 690 

1.9 pints 650 780 
4.9 pint■ 650 780 
6.o lbs. 650 780 

1 • .3 pints 1090 540 
2.9 pint■ 1090 540 
.3 • .3 lbs. 1090 540 

In Fig. 4 is shown purple mite control with 
sprays applied in April. In this application, 
Systox at Jf pint controlled purple mite for 
only 20 to 35 days while ovotran as well as I 
pint of Systox both controlled for 35 to 48 
days. 

The results of this experiment, presented in 
Figs. 1 through 4, show that Systox was ef
fective against purple mite from late October 
through February, that a dosage of ½ pint of 
Systox per 100 gallons can be superior to DN 
Dry Mix No. I in late October and December, 
and that )f pint of Systox can equal I pound 
of ovotran in February. These data also show 
that Systox was relatively ineffective in April. 
Data presented in Table I show that during 
the interval from October through February 
when control was satisfactory the dosage of 
)f pint of Systox per 100 gallons was equiva
lent to 2.7 to 1.9 pints per acre. Since the low
er rate per acre was as effective against a 
high mite population as the higher rate against 
a low population, it can be concluded that 
about 2 pints per acre of trees 8 to 10 feet 
high will give satisfactory results from Octo
ber through February. Larger amounts should 
be needed on larger trees. 
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EFFECT OF DOSAGE 

Three experiments were conducted to de
termine whether dosages of )$ or )4 pint of Sys
tox per 100 gallons would give as satisfactory 
control as Jf pint. 

The first of these tests was started when 
sprays were applied November 15, 1955 to 
sparsely foliated trees 8 to 10 feet in height 
in a grove of Valencias at Haines City, Florida. 
Mite populations when sprays were applied 
were at the low level of 105 mites and 308 
eggs per 100 leaves. Under these conditions, 
dosages of Systox from Ji to 1 pint per 100 
gallons gave satisfactory control. However, 
data presented in Table 2 show differences 
between treatments. Dosages of )4 pint (0.6 
pint per acre) or )f pint ( 1.4 pints per acre) of 
Systox as well as DN Dry Mix No. 1 con
trolled purple mite for 85 to 105 days. The 
dosage of ~t pint ( 2.2 pints per acre) gave be
tween 105 and 127 days of control while con
trol with 1 pint ( 3.5 pints per acre) exceeded 
127 days . 
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In a second experiment, Systox was applied 
at dosages of 1, and )4 pint per 100 gallons to 
heavily foliated Temple orange trees at Haines 
City, Florida. This application was made on 
December 19, 1955 when prespray mite pop
ulations averaged 580 mites and 550 eggs per 
100 leaves. Under these conditions, intervals 
of control were as follows: 52 to 73 days with 
)$ pint of Systox (0.5 pint per acre), 73 to 91 
clays with J{ pint of Systox ( 1.0 pint per acre), 
and 121 to 145 clays with both aramite 15-W 
at 2 pounds and ovotran at 1 pound. Although 
all periods of control in this test were length
ened by the effects of a period of natural mor
tality in March and early April, this test dem
onstrated the inferiority of dosages of Systox 
as low as )$ to Ji pint per 100 gallons under 
the conditions of this test. 

A third test was started when sprays were 
applied April 3, 1956. Prespray mite popula
tions averaged 210 mites and 890 eggs per 
100 leaves. Under these conditions, the inter
vals of control with dosages of )$ or Ji pint of 
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Table 2 

Control ot purple llite vith 4 do11&gu ot Syatox applied to TaJ.encias on Novamber 15, 1955. 

BaiDe• Cit,-, norida 

2 
Material am 
l>oeage per 100 gallona.1 

Lin purple llitea and eggs per 100 leaves on irdicated dates 
(days atter application on November 15, 1955.) 

libT. 21 Dec. l Jan. 3 Feb, 8 Feb. 28 
(~) (+16) (+49) ( -+85) ( +105) 

S79tox, 1/4 pint Hite• I 9 0 2) 49 ll8 
Egge · I 137 9 53 136 500 

S711tox, 1/2 pint M!.tu I 0 0 8 17 120 
Egp I 67 14 34 131 550 

578tox, 3/4 pint HI.tell I 0 0 15 23 82 
Egp I 98 21 51 108 33'2 

sntox, 1 pint HI.tea I 0 0 3 9 44 
Eggs I 76 18 14 68 180 

DN Dey Mix, 2/3 lb, Mites I 1 1 21 51 182 
Eggs I 92 72. 72. 145 652 

ImJ I HI.tea (1911) nad nsd nad nad nad 
(9911) nad nsd nsd nad nad 

1AU apra:ys incluied 5 lbs. of vettable sulfur per 100 gallona, 
2 
Anrage pre-apre:y mite population • 105 mite• am 308 eggs per 100 leaves. 

Table 3 

Control or Purple Mite vith 4 doesges ot S;yatox applied to Valencia Orange• on April 3, 1956, 

Haine• Cit;y, norida 

Material and l 
Dosage per 100 Gall.01111 

Lin purple aite• and eggs per 100 leavea on indicated datea2 

(dayw after application on.AFil 3, 1956). 

Aprll 6 
(+l) Ar♦½! 17 +14) 

A~23 
<20) 

Ma:,- 2 
(+29) 

Syatox, 1/8 pint Mites I 38 60 J2 447 
Eggs I 362 50 244 143 

S,..tox, 1/4 pint HI.tea I 24 44 15 215 
Egp I 482 '9 81 114 

Mites I 17 19, 5 98 
Eggs I 316 63 31 84 

Syatox, l pint Mites I 22 16 2 25 
Eggs I 774 167 64 24 

Ovotran, 1 pow,d Mites I 36 20 20 ~ 
Eggs I m 82 76 55 

Mar. 21 
(+127) 

171 
.986 

291 
1024 

l66 
673 

77 
IP, 

,326 
1298 

llJ 
nad 

LSD Mites (19:1) 152 
(9911) 221 1Iu apra,a included !iii Z, 2 lba per 100 gallona I Neutro oop • 53•, 1.4 lba; and wettable IIUlf'lzr, 5 lba. 

2 Anrage pre-11pra7 mite popal.ation • 205 mite• and 890 eggs per 100 leaves. 
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Table 4. 

:i:tteot ot tboroughnesa ot application on Control or Purpoe Mite vith 87eto1. 

l&lm .utred, norida. 

Material(•) and 1'7peot Mite 
DoMp / 100 pllou Application Stap 

s,-,tox, 1/2 pint Iuide 1'oliage Mites I 
:Egge I 

S:,atox, 1/2 pi.nt Olrtaide 1'ollage Mites I 
Egge I 

S,.atox, 1/2 pint .lll 1'oliap MitH I 
Egge I 

DI! Dry Mix, 2/J lb. Olrtaide Poliage M1tea I 
Egge I 

Systox lasted only 20 to 29 days. Furthermore, 
mite populations 29 days after spraying (Table 
3) were significantly higher where these 
dosages of Systox were used than where 1 
pint of Systox or 1 pound of ovotran had been 
used. There was no significant difference be
tween J~ and ¾ pint of Systox. 

The results of these three dosage experi
ments do not prove that dosages of Systox low
er than Jf pint per 100 gallons will give un
satisfactory control of purple mite. They do 
indicate, however, that control of purple mite 
with J~ pint of Systox per 100 gallons may be 
satisfactory under some conditions but in
ferior to higher dosages or other acaricides 
under other conditions. 

EFFECT OF THOROUGHNESS OF APPLICATION 

One test was carried out to determine 
wheth~r thorough coverage of all leaf sur
faces would give better control of purple mite 
than ordinary brushing sprays of the type 
commonly used for rust mite control. The re
sults of this test, presented in Table 4, show 
no superiority in purple mite control with a 
thorough application to all foliage over a 
brushing spray to outside foliage only. Both 
types of application were superior to a brush
ing spray with DN Dry Mix No. I. 

DeOftlber 1955-March, 1956, 

Number ot Mi tH am Egge per 100 :X...•• 
D!,I• Bef!lre f-b•!!! .lt'tej {+) ST<~ December 81 12~~, 
l-3l + l l• l ♦s9 t•eJl 

290 298 ll3 483 711 
872 299 455 1031 1494 

399 85 0 15 1?9 
1049 137 33 62 501 

300 rn 1 9 90 
959 :m 29 48 -'01 

310 uo l4 88 800 
815 448 130 2'16 1914 

SUMMARY 

Systox was found to be effective against 
purple mite from late October through Febru
ary, but relatively little value in April. A dos
age of Jf pint of Systox per 100 gallons of 
spray was superior to DN Dry Mix No. 1 in 
late October and December, and equal to 1 
pound of ovotran in February. Both Systox 
dosages were relatively ineffective in April. 

A dosage of ¼ pint of Systox _per ·100 gallons 
applied in October was as effective as % pound 
of DN Dry Mix No. I. The same dosage, how
ever, ,yas of only slight value when applied in 
December and April. . 

Brushing-type applications of Systox were 
as effective as full-coverage sprays. Either 
type of Systox application was superior to 
brushing-type DN Dry Mix sprays . 
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PROGRESS REPORT ON GREASY SPOT 
AND ITS CONTROL 

-\'\;ll E. J. D1-:szyu; 

Florida Citrns E.r111,,-i11ll'11f Statio11 

Lak<' .\lfn·d 

Greas\· spot, a cliseas<' of citrus. has lw<'ll 
present i11 Floricla for 111a11\ \ ears ( I). h11t 
was a rni11or problem u11til about I !-J-H. B\ 
I !-J,50 tlw disl·ase \\ as pn·\·,dent ill 111a11\ 
groves in tlH· l'l'ntral part of thl' stall·. l)uri11'..'; 
the past .5 \l'ars. it l1c1s IH·[·omt· ol l'l"<lltl1111ic 
importa!ll"l' i11 all c-itr11s '..';rn11·i11g arl'a.s i11 tlw 
state. 

Sy111/ito111s: Cre,1s\ spot s\·mptoms arl' ir
regular. raisl·d. dark spots m groups of spots 

F·Iorida A1-'.Ti(·ult11rHI J ◄::,.;1,t>rirn"11t :-,;1ati(111 .J1111r11al 

sc-attt·n·d alim,t 011 c-itrus il'.l\TS. Tl1l' afll-ctl'd 
;<,,·a 011 tfl(' l'll!Tl'llt \l'ar·s gnl\\th is at first a 
\Tllo,, isl1-lml\\ 11 spot. graclualh t11rni11g dark 
lmm11 a11d i11 timl' lll'c-rnning hlac-k. These 
spots ma\· \·ar\" from 011t•-sixlcl'11th to more 
tha11 a q11arter of ,111 illch i11 cliaml'll'r, or ma\· 
lw massl·d over larg<'r an·as. [11 Sl-'Vl'n· cases. 
tlw spots are scattn<'d onT tlw \\·holl· leaf. 
but s01ndin1l's onh tlw <'dge of th<' ll'af is af
fectl'd ( Fi'.!;. 1). Ll·a\"l'S affected "ith t;rt•as\· 
spot ma\ 'ill' fo1111d Oil a111· porti()J1 t\f th~ 
tn·t·. h11t thl'I ar<' 11sualh mon· alH111da11t i11 

tnT tops. Tr~Ts \\ ith a high pt0 rn·11tagl' of al
ft,l·ll·d ll'.t\"l'S ha\"l' a n·llm,·ish cast. a!lcl tlw 
ksirn IS Illa,. lw ("O!l!Us!'d 11·ith ··n·llm1· spot, .. 

a 111oh·bcl,·1111m cldicit·11c1. 

TIH' s,mptoms of gn·as1 spot 1na1 I)(' oh
S<T1Td Oil the ClllT<'Jtt 1,·,t1··s grcl\\tl1 as l'arh· 

Fig. 1. }_pave'.-- affectf>d with gt·easy spot. 
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as August, but are usually not very noticeable 
until October. As winter progresses, greasy 
spot becomes more severe and reaches a peak 
in February or March. In 1954, the severity of 
greasy spot increased about 30 percent be
tween December 2 and January 25. Experi
ments conducted on the east coast during the 
1955-56 season showed that severity of greasy 
spot increased 15 percent from October 17 to 
November 29 and 40 percent from October 17 
to March 8. Although a marked reduction of 
greasy spot resulted from the fungicidal 
sprays, the percentage increase in severity in 
sprayed plots was comparable to the increase 
in the checks. 

Injury: The principal injury caused by 
greasy spot is a premature leaf drop. Some
times approximately 85 percent of the infected 
leaves drop during the fall and winter months. 
Heavy leaf drop is more common on young 
trees, but mature trees may also lose a high 
percentage of leaves. The number of leaves 
dropped is proportional to the severity of 
greasy spot. 

Cause: In 1948, Thompson (6) reported 
that greasy spot was more severe in un
sprayed plots than in plots where rust mite 
Phyllocoptruta oleivora (Ash.) were kept at 
a low level with sulfur sprays. In 1952, Sho
icki Tanaka and Shunici Yamada (5) reported 
from Japan that greasy spot was caused by a 
fungus M ycosphaerella Horii (Hara.). Fisher 
( 3) also found a fungus associated with 
greasy spot. In later work Fisher ( 2) , Grif
fiths ( 4) and Thompson ( 8) found that 
greasy spot was less severe where summer 
copper sprays and other fungicides had been 
applied, which further indicated that the in
jury was caused by a fungus. 

It has not been determined whether rust 
mites and some species of sucking insects are 
a contributing factor. Leaves kept free of rust 
mites with Aramite were less severely affected 
by greasy spot than mite-infested leaves ( 10). 
Areas around purple scale, red scale, and white 
fly are sometimes discolored. This injury may 
iilso be greasy spot. 

Control: Earlier work showed that greasy 
spot was more abundant in unsprayed plots 
and in plots sprayed post-bloom with copper
oil without subsequent rust mite control than 

in plots receiving a complete spray program 
(IO). In later work, Fisher (2) Griffiths (4) 
and Thompson ( 8) ( 10) found that a sum
mer copper application reduced greasy spot. 
Thompson (10) found that 0.75 pound of a 
neutral copper ( 53% metallic copper) was as 
effective as 1.5 pounds per 100 gallons. It 
was also found that two summer applications 
were more effective than one. Captan and 
Ziram showed promise, especially with two 
applications ( 10). It was also found that 
greasy spot was less abundant where summer 
applications of oil emulsion were made than 
in unsprayed checks ( 3) ( 4) ( 8) ( 10). 

Timing of the summer copper application 
has been an important factor in the degree of 
control (3) (4) (10). In 1954, a copper spray 
applied on June 10 was effective in one grove, 
but an application on June 15 in a nearby 
grove was not effective. All copper sprays ap
plied during July were effective. August ap
plications vvere effective in one of four ex
periments and September applications were of 
little value in two experiments ( 10). 

Purple mites in the fall and winter months 
were more abundant following copper sprays 
applied in September than after earlier appli
cations. Fall scale infestations were no higher 
following either a summer application of 
copper-oil or copper-parathion than where 
copper was omitted ( 10) . 

In 1954, there was no significant difference 
in the soluble solids and acid where copper 
was added to summer sprays than where it 
was omitted ( 10). 

External fruit quality of Hamlin oranges 
was affected as a result of a summer copper 
application. Winston et al. ( 11) reported that 
"star melanose" was associated with Bordeaux 
mixture sprays. Later, Thompson (7) reported 
that "star melanose" developed as a result of 
applying sprays containing copper on melan
ose-infected oranges. In general, "star melan
ose" on grapefruit has not been as severe as on 
oranges, but Fisher ( 2) reported that fruit 
quality in July and August sprayed plots was 
low due to copper blackening and enlarging 
melanose lesions already present ori the fruit 
when sprayed. The discoloration of blossom
end russeting on oranges following a summer 
copper spray was also a factor that lowered 
grade. 
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EXPEHIMENTS IN 1955 

Methods: In 1955, two similar experi
ments were conducted to determine the mini
mum concentration of copper necessary to 
control greasy spot, the timing of _one and tw~ 
applications of fungicides, the_ effect of funp
cidal sprays on subsequent mite and scale m
festations and the effect on internal and ex
ternal fruit quality. Near the town of Dunde_e 
in Central Florida a young, red grapeirmt 
grove was selected for one of these experi
ments. For the other experiment, a red grape
fruit grove was selected near Wabasso on the 
East Coast. In each experiment, the treat
ments were randomized and replicated three 
times. Each plot consisted of four trees at 
Dundee and two trees at Wabasso. All neces
sary sulfur sprays were applied for rust mite 
control. Parathion and wettable sulfur were 
combined with the fungicides in all July sprnys 
except where an oil emulsion was tested for 
control of both scale insects and greasy · spot. 
Where a second fungicide spray was applied, 
the scalicide was omitted. All sprays were ap
plied with high-pressure, hand-gun sprayers. 

Records of greasy spot severity were ob
tained from samples of fifty leaves from each 
tree. From twigs selected at random in gath-

ering samples, the fourth leaf from. t~e t~rmin
al was picked. _Leaves were class1hed m the 
laboratory into four grades, b~sed _on the 
severity of greasy spot. The seventy of greasy 
spot in each plot was then computed by multi
plying the number of leaves in the light grade 
by one, the medium grade by two, and the 
severe grade by three. Products were added 
and then divided by the number of sampled 
leaves in each plot. Thus, the higher the rating, . 
the greater the severity of the disease. 

Comparison of Materials: In this article, 
amounts of copper are designated as metallic 
copper and applied in the form of a neu
tral copper. In the 1955 experiments, ~he 
amount of copper per 100 gallons was vaned 
from 0.16 to 0.53 pound. In the Dundee ex
periment, applications of 0.39 and 0.,53 pound 
of copper per 100 gallons resulted in the 
highest degree of control and were more ef
fective than 0.16, 0.21 or 0.27 pound (Table 
1). In the Wabasso experiment, all copper 
sprays were about equally effective and sig
nificantly reduced the severity of greasy spot. 

Some of the lower concentrations of copper 
applied in two different sprays at an interval 
of six weeks were more effective than one 
application of the higher concentrations 
(Table 2). For example, at Dundee two ap-

Table 1. Greasy Spot Control with Varying Amounts 
ot Copper. 

S:e.tg: Dates 
Dundee Wabasso 

July l July 9 
• n n " 
" " • " 
It • n ft 

• a " ft 

Treatments 

No treatment 
Copper 

II 

n 

" 
" 

Pounds 
*" Per 100 ~al. 

0.16 
0.21 
o.27 
o.39 
0.53 

L.S.D. 19tl 
L.S.D. 99tl 

* .Amounts of copper presented as metallic copper. 

Mean rating or 
Greaez S:egt 

Dundee 

54.5 
35.8 
41.7 
.3.3.8 
25.2* 
22.3* 

Wabasso 

218.7* 
145.2 .. . 
133.3* 
140.2 
102.2** 
142.8* 

60.5* 
80. 9**· 
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plications of 0.16 pound of copper per 100 gal
lons on July 1 and August 19 were as effec
tive as a single application at 0.39 pound on 
July 1. The highest degree of control from 
copper alone resulted from a July application 
of 0.27 pound followed by 0.16 pound on 
August 19. In the Wabasso experiment, where 
two copper applications were made, results 
were similar to those obtained at Dundee 
(Table 2). 

Control with oil emulsion was variable. At 

Dundee, 1.3 percent oil or 0.7 percent oil plus 
1 pound of 15 percent parathion per 100 gal
lons were as effective as a single application 

. of 0.39 pound of copper per 100 gallons. The 
most effective control from combinations in
volving oil was obtained with a July oil ap
plication followed in August with 0.27 pound 
of copper . plus 5 pounds of wettable sulfur 
per 100 gallons. At Wabasso, neither concen
tration of oil was effective. Furthermore, 
where the copper spray followed the oil ap-

Table 2. Comparison or One vs. Two Fungicidal Applications 
for Greasy Spot Control. 

Plots Materials* Amounts per Mean Rating or 
100 gallons Grea& Soot 

Julz Aue:ust Dundee Wabasso 

1 No treatment 54.5 218.7 
2 Copper 0.16 lb. - 35.8 145.2x 
3 " 0.16 lb. 0.16 lb. 21.<fX 102.5:xx 
4 ft o.27" 33.8 140.2X 
5 " 0.27" 0.16 11 15.~ 93.8:X:X 
6 II 0.39" 25.2x 102.2:z:x 
7 Oil 1.3% plus copper 0.16 II 21.2x 143.5 
8 Oil 1.3 % 25.lX 187.7 
9 OU 1.3" 

Copper 0.16" 10.4:xx 141.oX 
10 Oil 1.3% plus copper o.16 lb. 

Copper 0.16" 11.6XX 86.7XX 
11 Oil o.71, plus parathion 1.00 II 22.SX 199.8 
12 Captan 2.00 n · 40.8 209.8 
13 " 2.00" 2.00" 26.oX 140.3x 
14 " 1.00" 1.00" 43.3 139.0 
15 Ziram 2.00" 36.o 159.8 
16 n 1.00" 1.00" 21.6X 121 • .,XX 
17 Wettable sul:f'ur 10.00 n 46.8 212.3 
18 II " 10.00 II 10.00" 52.0 191.7 
19 Neutral copper 0.27 

Lime-sul:f'ur 1 gal. + Wettable 
sul:f'ur 5.00 " 26.6% 101.oxz: 

LSD 19:l 25.4x 60.51x 
LsD 99sl 33.SXX 80.5:xx 

Wettable sul:f'ur 5 pounds plus parathion 1. 7 pounds per 100 gallons were included 
in all July sprays except where oil was used. August spreys included wettable 
sul:f'ur. 

* Amounts or copper presented as metallic copper. 
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plication, control was only equal to the July 
application of 0.16 pound of copper. There 
is no explanation why the oil was not effective 
in the Wabasso grove, except that it may have 
been applied too early in the summer. How
ever, in both locations, a July application of 
0.16 pound of copper combined with oil 
emulsion and followed in August with 0.16 
pound of copper plus wettable sulfur resulted 
in a high degree of control. Another very ef
fective program at Wabasso was a June ap
plication of 0.27 pound of copper plus 5 
pounds of wettable sulfur per 100 gallons and 
followed in July with oil emulsion. 

One application of Captan at 2 pounds per 
100 gallons was as effective at Dundee as one 
application of 0.16 pound of copper, but not 
as effective as 0.39 pound. At Wabasso, one 
application of 2 pounds of Captan per 100 
gallons was not effective and two applications 
were no more effective than one application 
of 0.16 pound of copper. 

Ziram applied at 2 pounds per 100 gallons 
was not effective in either experiment, but two 
applications at 1 pound was as effective as a 
single application of 0 ."39 pound of copper. 
Nabam applied at 2 quarts plus 1 pound of 
zinc sulfate per 100 gallons was as effective 
as 0.39 pound of copper at Dundee. At Wabas
so, Ferbam was not effective at 2 pounds per 
100 gallons. 

Timing of Sprays: As stated previously, it 
has been observed that control of greasy spot 
varied in different groves even when the dos
age of copper and time of application were 
similar. In 1955 at the Dundee grove, the 
summer flush of growth came out between 
the July 1 and the August 19 applications. 
Where 0.27 pound of copper was used, the 
August spray was more effective than one 
applied in July. Where as little as 0.16 pound 
of copper followed .the July application, there 
was a marked increase in the degree of con
trol. In another experiment in a 40-year-old 
grapefruit grove, various amounts of copper 
were applied between June 21 and September 
12. In this grove, there was little or no growth 
after the spring flush and there was no dif
ference in the degree of greasy spot control, 
regardless of the concentration of copper or 
the timing of the application, 

Some control of greasy spot may be ex
pected from a post-bloom application on spring 

growth, but not enough to depend upon 
where greasy spot is severe. On April 19, 1955, 
several different neutral copper compounds 
were combined with lime-sulfur to determine 
whether these mixtures would cause a leaf 
drop and bum. On December 21, leaf sam
ples were graded for the severity of greasy 
spot. Greasy spot was as severe where 1 gal
lon of lime-sulfur was used as in the un
treated check, but less severe in three differ
ent plots where either 3.0 pounds of copper 
sulfate, 1.0 pound of copper oxide, or 1.5 
pounds of basic copper sulfate was mixed with 
1 gallon of lime-sulfur per 100 gallons. A mix~ 
ture of basic copper sulfate and wettable sul
fur was not as effective as any of the lime
sulfur-copper mixtures. Unfortunately, the 
lime-sulfur-copper combination caused burn 
and leaf drop and it is not recommended in 
either a spring or summer spray, but this ex
periment did demonstrate that, if the copper 
adheres to the leaves for a long period of time, · 
greasy spot will be less severe on t.he spring 
flush of growth than on untreated trees. 

Effect on Fruit Quality: In 1955, sum
mer copper sprays were applied on Pine
apple oranges at the Citrus Experiment Sta
tion. This grove had received a post-bloom 
copper spray and the fruit was not severely 
affected with melanose. The amounts of cop
per per 100 gallons were 0.16 pound, 0.27 
pound, 0.39 pound and 0.53 pound, respec
tively. Dates of application varied between 
June 28 and August 8. There was very 
little discoloration where copper was used in 
amounts between 0.16 pound and 0.39 pound 
per 100 gallons. However, where 0.53 pound 
was used, there was a definite discoloration of 
melanose lesions. 

Field observations were made at the In
dian River Field Laboratory where different 
amounts of copper had been applied on Val
encia oranges. The concentrations of copper 
sprays were the same as at the Citrus Experi
ment Station. Where 0.16 pound per 100 gal
lons was applied, either in one or two ap
plications, there was no adverse effect. How
ever, with 0.27 or 0.39 pound, there was a 
moderate amount of discoloration. When 0.53 
pound of copper was used, melanose lesions 
were very dark, resulting in a definite grade 
lowering factor. The timing of sprays was not 
a factor since there was as much discoloration 
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following 'a July 1 spray as there was when 
the application \Vas made as late as August 8. 
On grapefruit, a low percentage of melanose 
lesions had a darker color than normal, but it 
was not a grade-lowering factor. Summer 
copper-oil applications darkened corky lesions 
more than the wettable• sulfur-copper com
binations, but the grade was not affected 
where fruit was originally free of melanose 
lesions. Even though there was a minimum 
amount of discoloration of lesions and wind 
scars in this experiment, a ·summer copper-oil 
spray is not recommended where the crop is 
to be sold on the fresh fruit market. 

Compared to untreated trees there was no 
significant difference in the amounts of either 
soluble solids or titratable acid in pink grape
fruit and Pineapple oranges where summer 
copper sprays had been applied. 

Effect On Subsequent Mite and Scale In
festations: Purple mite, Metatetranychus 
citri, was more abundant in September 1953 
following an August copper spray than 
following earlier applications ( 10). On De
cember 21, 1955, in the Dundee grove, there 
was no difference in the percentage of in
fested leaves between plots sprayed with 
copper-wettable sulfur in either July or Au
gust and where the copper was omitted in the 
wettable-sulfur spray. In all plots where oil 
was used, alone or in combination with cop
per, the mite population was not as high as 
where copper-wettable sulfur-parathion had 
been used. 

\1/hen infestations were low in the spring, 
scale control has been as satisfactory where 
fungicides have been included in the summer 
scalicide sprays as where they were omitted. 

DISCUSSION 

Timing of fungicidal applications appears 
to be one of the most important factors in 
greasy spot control and more knowledge is 
necessary about the life cycle of the fungus 
before definite recommendations can be made. 
In Florida, at the present time, it is not known 
when or how long the leaves are susceptible 
to infection. There are usually two to four 
flushe~ of growth that need protection between 
February or March and August. If a post
bloom copper is applied for melanose con
trol, that application will protect the spring 
foliage from greasy spot infection for a cer-

tain period. If the second flush develops in 
May or early June, then a July copper spray 
of about 0.4 pound per 100 gallons may be 
more effective than an August application. 
For instance, in 1954, July applications were 
more effective than August applications in 
three of four experiments. This does not mean 
that each summer the copper spray should be 
applied in either July or August, but where 
only one summer copper is to be applied, it 
should be delayed until after the summer 
flush is out. 

Two low-dosage summer copper sprays can 
be used to advantage where no post-bloom 
copper is applied. If parathion is used as a 
scalicide and it is necessary to spray in June 
or early July, add the equivalent of 0.16 
pound of metallic copper, in the form of a 
neutral copper, per 100 gallons. In four to six 
weeks follow with 0.2 pound of copper plus 
wettable sulfur. If oil is used as a scalicide, 
then follow that application in four to six 
weeks with a low-dosage of copper. The ap
plication following the scalicide spray is not 
necessarily an extra operation because a sulfur 
spray for rust mite control is usually neces
sary following a June or July scalicide spray. 
Since oil was not effective at Wabasso in the 
one experiment conducted there, it is sug
gested that 0.2 pound of copper be added to 
the summer oil and followed in four to six 
weeks with the same amount of copper in a 
wettable sulfur spray. 

The oil-copper combination should not be 
applied on oranges to be sold on the fresh 
fruit market. However, there has been no in
jury other than the effect on corky tissue 
where wettable sulfur or oil emulsion has been 
supplemented with neutral copper. The grade 
of both oranges and grapefruit was not af
fected when fruit was free of melanose lesions 
and blossom-end russeting when the copper 
spray was applied. 

The organic fungicides tested have not been 
as effective as copper, especially with one ap
plication. Even though single, applications of 
the organic fungicides Captan and Ziram 
have not been as effective as copper and are 
more expensive, there may be a place for these 
materials. On oranges, where the crop is 
grown for the fresh fruit market, two appli
cations of one of these organic fungicides may 
be used. 
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SUMMARY 

Greasy spot, a disease of citrus, causes a 
premature leaf drop. Symptoms are raised, 
yellowish-brown to black spots most prevalent 
on the undersides of leaves. 

Greasy spot infection was reduced with a 
July or August application of 0.4 pound of 
copper per 100 gallons, but two applications
one in July at 0.27 pound and a second in 
August at 0.16 pound-were more effective. 
A July oil emulsion spray was as effective in 
Central Florida as one copper spray, but was 
not effective on the East Coast. Very effec
tive treatments were either July oil followed in 
August with 0.27 pound of copper or June 
copper followed in July with oil. Also effec
tive were either two applications of Captan 
at 2 pounds, or Ziram at 1 pound per 100 
gallons. 

Summer copper sprays did not affect soluble 
solids or acid in the juice of Pineapple oranges 
or red grapefruit. Melanose lesions were 
noticeably darkened and enlarged where 0.4 
pound of copper per 100 gallons was applied 
on oranges, but there was very little adverse 
effect following either one or two applica
tions of 0.16 pound of copper. 

Subsequent purple mite infestations were 
no higher in December where copper was in
cluded in the summer scalicide spray than 
where it was omitted. 

In 1955, scale infestations were at a low 
level when the scalicides were applied and 
the addition of copper to the summer sprays 
did not affect scale infestations by October. 
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us~ OF 1,2-DIBROM0-3-CHLOROPROPANE ON· 
LIVING CITRUS TREES INFECTED WITH 

THE BURROWING NEMATODE 

JULIUS FELDMESSEH AND \VILLIAM A. FEDEH 

Nematology Section and Fruit 

and Nut Crops Section 

Horticultural Crops Research Branch 

Agricultural Research Service 

United States Department of Agriculture 

Orlando 

Part of an eight-year-old grove planted to 
Valencia orange on Rough lemon rootstock 
heavily infected with the burrowing nematode, 
RadoJJholus similis (Cobb) Thorne, reported 
to be the causative agent of spreading decline 
of citrus ( 2), was made available to the au
thors for fumigation experiments in May 19551

• 

It was decided to use 1,2-dibromo-3-chloropro
pane in this grove since this is readily avail
able commercially and has been reported to be 
non-toxic to citrus in nematocidal applications 
( 1). All treatments were made with an emul
sifiable concentrate containing 50% by weight 
of this chemical'. 

METHODS 

Pre-treatment root samples were taken and 
ten plots were set up and fumigated in the 
first week of June 1955. During this time, 
maximum air temperatures averaged 95° F. 
and the soil temperature at the six-inch level 
was 82° F . Relative soil moisture was 1.86% 
at the six-inch level. 

Three plots of twenty trees each, numbers 
1, 6, and 7, were treated with a tractor-drawn 
pressure applicator delivering a continuous 
flow of fumigant through nine injection points 
ten inches apart and ten inches beneath the 

1 /The authors wish to express their thanks to Mr. 
H. 0. Estes and Mr. R. J. Estes, Alturas , Florida, 
o_wners of the grove. for their wholehearted coopera
tion; and to Dr. A. F. Camp, Vice-Director-in-Charge, 
and to Dr. R. F. Suit, Pathologist, Citrus Experi
ment Station. Lake Alfred, for their interest in this 
project and for their help in securing the experi
menta l area. 

2/ 1, 2-dibromo-3-chloropropane was made available 
by the Shell Chemical Company under the name 
"Nemaa-on.'• 

surface at the rate of one gallon, t\;VO gallons, 
and four gallons of Nemagon per acre, re
spectively. 

Each of three plots of twenty trees each, 
numbers 3, 4, and 5, was drenched with 1,000 
gallons of water which contained the 50% 
emulsifiable concentrate adjusted so that each 
plot received amounts equivalent to one gal
lon, two gallons, and four gallons of 1,2-di
bromo-3-chloropropane per acre, respectively. 
The plots were then harrowed with a disk 
harrow and an additional 1,000 gallons of 
water was added to each plot. 

In four plots, numbers 9, 10, 11, and 12, 
areas twenty by thirty feet around single trees 
were treated with hand injection apparatus. 
The 50% emulsifiable concentrate was applied 
on twelve-inch centers, ten inches deep. Single 
trees in two plots were treated with amounts 
equivalent to 13.8 gallons of 1,2-dibromo-3-
chloropropane per acre (roughly equal to 10 
p.p.m. by volume in the soil four feet deep) 
and single trees in the other two plots were 
treated with amounts equivalent to 27;6 gal
lons of 1,2-dibromo-3-chloropropane per acre 
( roughly equivalent to 20 p.p.m.). · 

Two plots, numbe1's 2 and 8 ( twenty trees 
each), were set aside as untreated controls. 

RESULTS 

Pre-treatment root samples were collected 
June 4, 1955, and post-treatment root samples 
were collected September 29, 1955, November 
21, 1955, :March 9, 1956, and June 6, 1956 · 
( Table 1). Each sample consisted of approxi
mately 100 grams of root material. Samples 
were incubated according to the technique de
vised by Young ( 3), and nematode counts 
were made over a period of several weeks after 
collection. On each of the sampling dates, ob
servations were made on the condition of 
treated trees: amount of new growth, chlorosis 
or the lack of it, wilt symptoms, etc. 

At no time during the one-year observation 
period were there any indications of response 
to treatment in trees in plots 1, 3, 4, 5, 6, and 
7 that caused them to differ in any way from 
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Table l. Numbers of Radopholus similis individuals occurring in one set of pre-treatment root sa.'llples 
and four sets of post-treatment root samples taken over a one-year period from a planting of 
Valencia on·Rougb lemon rootstock treated with 50% emulsifiable concentrate 1,2-dibromo-J
cbloropropane 

Post Treatment 
Plots and TreatJllents Pre-treatment Sept. 29 - Nov. 21 - Mar. 9-19 June 6 - Jul. 9 

(June 4,12222 Oct. 12,12.2.2 Dec. 12,12.22 12,26 1226 

1.1 gal./ acre, pressure rig 11 

2. Control 146 

3. l gal./acre, drench 4 

4. 2 gal./acre, drench 48 

5. 4 gal/acre, drench 31 

6. 2 gal./acre, pressure rig 5 

7. 4 gal./acre, pressure rig 17 

8. Control J 

9. 13.8 gal./acre, band injected 115 

10. 27.6 gal./acre, band injected 272 

11. 27.6 gal./acre, band injected 19 

12. lJ.8 gal./acre, band injected 449 

*No roots encountered 

the trees in check plots 2 and 8. Nematode 
counts indicate that no significant differences 
existed between the check plots and the 
treatment plots. The trees in both the check 
and treatment plots showed slight symptoms 
of chlorosis and wilt throughout the observa
tion period. New growth was sporadic and 
was observed in trees in all of these plots. 

The trees in plots 9, 10, 11, and 12 began to 
show signs of chemical injury such as defolia
tion and branch and root die-back by Septem
ber 1955 and were judged to be dead or dy
ing by March 1956. 

The data indicate that the three lower dos
age rates of 1,2-dibromo-3-chloropropane that 
are tolerated by living citrus trees cause neith-

24 18 148 :32 

125 766 252 25 

68 117 84 :35 

2 252 128 24 

17 l 188 53 

14 0 492 80 

26 0 66 28 

139 429 96 37 

0 0 0 27 

0 0 0 28 

7 0 16 -· 
0 0 0 40 

er significant reductions of burrowing nema
tode populations nor favorable growth re
sponses, and that the higher dosage rates that 
do approach the levels at which nematode 
eradication might be expected are not tolerated 
by living citrus trees. Intermediate rates of ap
plication will be tried in other experiments. 
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RAPID DETERMINATION OF PEEL OIL IN 

ORANGE JUICE FOR INF ANTS 1l.'1 J f ;' 

R. w. KILBURN AND L. w. PETROS 

Florida Citrus Canners Cooperative 

Lake Wales 

Mechanically extracted orange 1mce con
tains a moderate amount of essential oil from 
the peel of the fruit. The characteristic flavor 
of orange juice is due in part to this essential 
oil. Excessive peel oil is removed from the 
juice by vacuum distillation or centrifuging 
during the processing of canned orange juice. 
The deoiling process is controlled · to leave a 
desirable amount of oil in the juice. 

The amount of oil in canned orange juice 
· produced for infants is considerably lower 
than the level considered desirable in regular 
canned juice. Removal of almost all of the oil 
improves digestibility, justifying the sacrifice 
of aroma. · 

The concentration of peel oil in citrus juice 
is measured by the modified Clevenger method 
( 2) by inspectors of the Department of Agri
culture for determining grade. More rapid 
methods of analysis have been developed by 
various workers. The turbidimetric method of 
Burdick and Allen ( 1) has been extensively 
used. This method was tested and found to 
give unsatisfactory results for the low oil in 
orange juice for babies. The solubility of oil 
in the a~etone distillate, noted by Burdick and 
Allen as being of no consequence at the levels 
normally encountered in canned juice, was 
the cause of difficulty. 

A study was made of modification of the 
t:urbidimetric method at low oil concentration. 
Attempts were made to minimize the effect 
of oil solubility by descreasing the acetone con
centration in the distillate. Turbidimetric 
measurements of oil in several acetone-water 
mixtures are summarized in Fig. 1. Solubility 
effect decreased in dilute acetone but 100% 

Figure 1 
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transmission was reached at oil concentrations 
too high to be useful. 

Wolford, Patton and McNary ( 3) en
countered the same difficulty with the tur
bidimetric method during their studies of 
citrus waste disposal. Their modified proced
ure substituted ethyl alcohol for acetone as 
the organic solvent. This modification was re
ported to give satisfactory results at concen• 
trations below .005%. 

The high excise tax on ethyl alcohol makes 
it desirable to use other organic solvents if 
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Figure 2 
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possible. The turbidity of peel oil in 10% 
isopropanol was tested with the result shown 
in Fig. I. The sensitivity is higher with this 
solvent than is the case with acetone; also the 
limiting solubility is lower. The preliminary re
sults looked satisfactory so the distillation pro
cedure was set up to give 10% isopropanol in 
the diluted distillate. A distillation ratio of 
two to one was also used to improve accuracy 
at low oil levels. 

EXPERIMENTAL PROCEDURE 

Apparatus. The distillation apparatus con
sists of a 500 ml. boiling flask, a Kjeldahl trap 
and a West type condenser in the vertical posi
tion for convenience. Light transmission of the 
turbid distillate is measured on a B&L Mono
chromatic photoelectric colorimeter with a 435 
mu filter. U.S.P. isopropanol is used. A 750 
watt electric heater was found to be the most 
convenient heat source. 

Procedure. 100 ml. of juice and 5 ml. of 
isopropanol are added to the flask. The trap 
and condenser are connected and 20 ml. dis
tilled into a 50 ml. graduate. The distillate · is 
mixed, made up to 50 ml. by addition of 
water then mixed again. The turbid solution 
is poured into a tube and the light transmis
sion measured against a distilled water blank. 
The transmission reading is converted to oil 
concentration from a standardization curve. 

A 10% solution of isopropanol should be 
checked for turbidity occasionally. Presence of 
turbidity indicates an unsatisfactory purity 
of alcohol. 

DiscussmN 

Standardization of the procedure. The pro
cedure was standardized by a method selected 
as most likely to give good correlation with 
the Clevenger method. A series of dilutions of 
steam distilled orange oil in isopropanol was 
prepared. 5 ml. of solution, containing a known 
amount of oil, was added to 100 ml. of water 

in the boiling flask and distilled according to 
the procedure. The light transmission of the 
distillate was plotted against the volume of 
oil added to the flask ( the same value as the 
% "recoverable'' oil· by volume) . A series of 
runs established the relationship over the 
range .002% to .03% oil by volume. This meth
od of standardization automatically corrects 
for incomplete recovery by distillation. 

The graph of the data on semi-log paper 
was a straight line, indicating a uniform re
covery by distillation, as well as conformity 
to Beer's law, over the selected range. Com
parison of this graph with the dilution graph 
shown in Fig. I, indicates an 84% recovery of 
oil by distillation. This checks with the value 
obtained by Burdick and Scott ( 1). 

Comparison with the Clevenger Method. 
The modified turbidimetric method was used 
for routine testing of canned orange juice for 
babies. Samples were checked for oil every 
thirty minutes without difficulty because the 
entire determination takes. about seven min
utes. The USDA inspectors also ran oil by the 
Clevenger method on composites of samples 
taken over a period of several hours. The 
data obtained, permits an indirect comparison• 
of the two methods. Results of the two meth
ods for a typical day of operation is shown in 
Fig. 2. Results throughout the season exhibit 
similar agreement. The Clevenger method gen
erally gives slightly lower results. 

Su11-1MARY 

A modified turbidimetric method for esti
mation of peel oil in orange juice, based on 
distillation with isopropanol, gives satisfactory 
results on juice with low oil content. 
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EFFECTS OF FINISHER PRESSURE ON 
CHARACTERISTICS OF VALENCIA 

ORANGE CONCENTRATE 

0. W. BISSETT AND M. K. VELDHUIS 

U. S. Citrus Products Station1 

Winter Haven 

In processing citrus juices in the laboratory 
pilot plant a screw type finisher was modified 
so that it could be more precisely controlled 
and adjusted, and its operation made more 
uniform over reasonable variations in rate of 
juice feed and pulp content. Tests were made 
on Valencia orange juice to determine the ef
fect of different finisher settings on juice 
yield, pectinesterase activity, pectin, flavon
oids, and cloud stability of unheated and 
heated concentrates. 

While it would not be possible to adapt 
the settings directly to other finishers, the re
sults illustrate some of the effects that could 
be expected ,vith variations in fishing prac
tices. Extracting and finishing equipment 
must act together and the method of opera
tion of one will markedly affect the method of 
operation of the other. However, certain prin
ciples will apply to all units. 

Olsen, Huggart, and Asbell (8) extracted 
Pineapple orange juice at low and high pres
sure. Pulpy cutback juice and 55° Brix concen
trates were prepared from each and subse
quently blended in various proportions in 
preparation of 42° Brix products. An increasing 
tendency toward gelation was observed with 
high pressure extraction over that of low pres
sure and with increased concentration of coarse 
pulp in the cutback juice. Rouse (9) reported 
increasing pectinesterase (PE) activity with 
increasing pulp content in Valencia orange 
juice. Rouse and Atkins ( 10) found that PE 
was completely inactivated in a shorter time 
in an orange juice of 5% pulp content than in. 
one of 10% pulp content. 

It was the purpose of this investigation to 
study the effect of varying the finisher pres-

1 / 0ne of the. laboratories of the Southern Utiliza
tion Research Branch, Agricultural Research Service, 
U. S. Department of Agriculture. 

sure and heat treatment temperature in the 
preparation of Valencia orange juice for con
centration. 

EXPERIMENTAL 

Equipment 
A standard Brown Citrus Machinery Cor

poration" extractor using the same settings as 
in commercial practice was used in connection 
with a Model C Chisholm-Ryder' finisher mod
ified as described below. This finisher has a 
horizontal screw operating in a cylindrical 
screen 5 inches in diameter and 9 inches in 
length. The pulp passes out through a conical 
annular orifice having a clearance normally 
fixed by an adjustment at the end of the 
screw shaft. With a fixed orifice, the relation
ship between juice and pulp produced de
pends to a large extent on the rate of feed. 
This particular finisher was modified by re
placing the screw adjustment with an air 
actuated diaphragm, and air at constant pres
sure was supplied to one side of the dia
phragm. This maintained a constant pressure 
on the end of the shaft, but left it free to move 
horizontally and vary the size of the orifice in 
accord with the rate of feed and the amount 
of pulp present. The effective diameter of the 
diaphragm was about 5 inches, so air pres
sures of 5, 6, 7, and 8psig. gave loadings on 
the end of the shaft of about 100, 120, 140, 
and 160 pounds. A new drive was installed 
which reduced the speed of the screw to 200 
RPM from a previous 262.5 RPM. This modi
fied finisher duplicated the operation of com
mercial finishers very well. It was noted that 
the pulp from this finisher contained fewer 
particles of coarse pulp than that from larger 
machines used in processing plants. 

Preparation of Sam11les 
Fifty boxes of Valencia oranges · were de

livered to the laboratory immediately after 
picking. The fruit was mechanically random
ized into four lots of 1100 to 1200 pounds 
and stored at 40° F. until processed, The juice 

2/Thc mention of trade products does not imply 
that they are preferred by the Department of Agri
culture over similar products not mentioned. 
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of the four lots was extracted separately using 
finisher settings of 5, 6, 7, and 8 psig. dia
phragm pressures respectively. The juice from 
each lot of fruit was divided into four por
tions consisting of controls and portions 
heat treated to 150°, 170°, and 190" F . The 
juice was heated in a small tube heat exchang
er in 6 seconds, held at the temperature for 5 
seconds and cooled to 60" F. in 3 seconds in 
an annular ice water cooler. Each portion was 
concentrated to 55° Brix at 75° F. in a falling 
film evaporator, cut back to 42' Brix with un
heated juice, canned, and frozen at o· F. 

Analytical Methods 
PE was determined by a modified method 

previously described by Bissett, Veldhuis, and 
Rushing ( 1); total pectin by that of Mc
Cready and McComb (7); soluble pectin by 
that of McComb and McCready (6); flavon
oids by the Davis method ( 2); cloud both in
itially and after storage at 40° F. by the meth
od of Loeffler ( 5); and visual cloud stability 
by the method described by Guyer et al ( 4). 
Viscosities were recorded as the number of 
seconds required for 100 spindle revolutions 

Table I. Materials balance durino extraction and finishlno 

Finisher Peel Finisher Juice Total 
settinos · waste waste yield recovery 

pslo. ¾ ¾ ¾ .. ,. 
5 40.0 7.5 51.7 99.2 
6 39.8 7.1 532 100.1 
7 39.8 6.5 525 98.8 
8 39.4 6.4 53.3 99.1 

of a Stormer' instrument using a 26-gram ac
tivating weight. Brix was measured by both 
spindle and refractometer; acid ( as anhydrous 
citric) was titrated with standard alkali; and 
suspended solids were determined by the 
method used by the U. S. Department of 
Agriculture in grading canned grapefruit 
juice. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Yields from each lot of fruit are shown in 
Table 1. As the extractor settings remained 
constant, the yield of peel remained practically 
the same for all four lots. The percentage of 
finisher wastes (pulp and rag) decreased, and 
the juice yields increased with increases in 
finisher settings. The yields of juice increased 
from 51.7% to 53.3% which is' equivalent to an 
increase from 5.3 to 5.45 gallons per 90-
pound box of fruit. 

The analyses of the single strength juice 
from each lot of fruit are presented in Table 2. 
The data do not indicate appreciable differ
ences in Brix, acid, initial cloud, peel oil, total 
pectin, or flavonoids of the juices processed 
at the four finisher settings. Small increases 
were observed in the suspended solids, PE, 
and soluble pectin with increased finisher 
pressure. 

The analyses of the 42° Brix products are 
presented in Table 3. The PE data follow the 
expected trend of reduced activity with in
creased treatment temperature, but do not in
dicate a change with increased finisher pres
sure. There was a slight increase in soluble 

Table 2. Analyses of single strength juice 

Finisher Brix at 20° C. 
settings Spindle Refrac

tometer 

psig. • • 

5 12.90 13.05 

6 13.20 13.00 

7 13.35 13.30 

8 13.30 13.10 

Acid Suspended Initial 
solids cloud 

% •fo ¾light 
trans-
mission 

1.10 14 24.0 

1.07 15 24.5 

1.10 15 22.0 

1.09 16 23.5 

Oil 

% 

0.066 

0.064 

0.050 

0.056 

PEu./ml. 
xl04 

43.8 

38.3 

49.6 

47.3 

Pectin Flavonoids 
total soluble 

ppm ppm ppm 

1138 165 380 

1100 165 377 

1200 185 405 

1025 189 388 
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Tobit 3. Analrsu of 42° Brix conctnlratu 

Fini1h1r Treatment PEu./ml. Soluble Flavonoid1 Visco,lty Weeks 
stltin91 temp. xl04 per pectin in 12• Brix HC./100 stable 

12• Brix ,,v. ot40"F. 
(visual) 

p1i9. "F. ppm ppm 
5 control 45.8 666 363 82.1 <I 

150 18.3 714 368 73.3 <I 
170 5.7 714 355 78.0 <I 
190 4.3 696 360 72.4 >5 

6 control 40.7 662 380 87.9 <I 
150 18.7 768 360 85.1 <I 
170 6.2 805 378 89.5 >I 
190 5 .1 836 373 96.8 >5 

7 control 42.4 701 375 139.3 <I 
150 23.4 834 383 1422 <I 
170 6.9 890 329 132.7 <I 
I 90 5.2 835 358 124.2 <I 

8 control 47.2 773 378 145.6 <I 
150 24.6 893 375 141.7 <1 
170 6.3 938 385 1602 <I 
190 5.7 886 393 137.1 <I 

pectin with increased finisher pressure, and 
the heat treated concentrates contained more 
soluble pectin than the unheated controls. 
There was no appreciable change in flavonoid 
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Fig. 1. Cloud stability at 40° F. of concentrates 
prepal'ed from juice with finisher setting of S psig. 
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Fig. 3. Cloud stability at 40° F . of concentrates 
prepared from juice with finisher settinir of 7 psig. 

values with increased finisher pressure, or 
heat treatment. Increases in viscosities of the 
concentrates with increased finisher pressures 
are pronounced while the use of heat treat
ments did not influence the viscosities of the 
products. Visual evaluation for cloud stability 
in 40° F. storage showed that only three sam
ples retained their cloud for as much as one 
week. Of these, the product of 6-pound fin
isher setting and 170° F. heat treatment was 
found unstable after two-week storage and 
the product · of 5- and 6-pound settings and 
190° F. heat treatment remained stable for five 
weeks. 

The loss of cloud during 40° F. storage, as 
indicated by increased light transmission is 
shown in Figs. 1, 2, 3, and 4. In all controls 
cloud loss was very rapid. Heat treatment at 
150° F . provided cloud stability for only a 
few days while 170° F. treatment provided 
only slight additional stability. The use of 
190° F. heat treatment of juices processed at 
5- and 6-pound finisher settings effectively 
stabilized the cloud for five weeks or longer, 
while similar heat treatments of juices pro-
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Fig. 2. Cloud stability at 40° F . of concentrates 
prep~u-ed from juice with finisher setting of 6 1>sig. 
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cessed at 7- an<l 8-pound finisher pressures 
were only slightly more stable than those 
heated at 170? F. It is, therefore, apparent 
that processing juice at higher finisher pres
sures increased the difficulty of stabilizing the 
product by means of mild heat treatments. 

The results indicate "that different finishe1 
settings can materially affect the cloud· stabil
ity of the concentrates produced. Some cor
responding changes were observed in soluble 
pectin and PE values, but it would have been 
difficult to predict from them the marked 
differences of the products obtained after 190° 
F. heat treatments. 

The concentrates used in these experiments 
were not subjected to taste panel evaluation, 
but they were tasted by several members of 
the staff. No marked differences in flavor were 
noted by reason of the different finisher set
tings. 

The experiments just described involve only 
a single lot of Valencia fruit. Other fruit might 
require different settings and an observation 
during the past season brings out this point 
An attempt was made to prepare concentrate 
from Hamlin oranges with the air pressure set 
at 7 psig. and the product obtained became so 
viscous in the evaporator that it could not be 
pumped fast enough to maintain a satisfactory 
evaporation rate. Reducing the air pressure at 
the finisher to 6 psig. eliminated excessive vis
cosity with the particular lot of Hamlin 
oranges. No trouble of this nature was en
countered on Valencia oranges with a 7 psig. 
setting. 

SUMMARY 

The effects of four finisher settings were 
investigated in the extraction of orange juice 
for frozen concentrate. In addition to controls, 
heat treatments of 150°, 170' , and 190° F. 
were applied in each_ case. As the finisher set
ting increased the percentage of juice obtained 
increased and that of the pulp and rag de
creased. 

No differences were observed in Brix, acid, 
.· cloud, peel oil, total pectin, or flavonoid values 
but there were small increases in suspended 
solids, PE, and soluble pectin with increased 
finisher settings. 

Analyses of the 42' Brix concentrates did 
not indicate any effect of finisher settings on 
PE activity. Soluble pectin increased with both 
increased finisher setting and heat treatment 
temperature. Viscosity increased marked!y 
with increased finisher pressure, but was not 
affected by treatment temperature. Treat
ment of 190' F. was effective in stabilizing 
the cloud in concentrates prepared from juices 
processed at the lower finisher pressures, but 
was not effective when higher finisher settings 
were used. 
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A STUDY OF THE DEGREES BRIX AND BRIX
ACID RATIOS OF GRAPEFRUIT UTILIZED 

BY FLORIDA CITRUS PROCESSORS FOR 
THE SEASONS 1952-53 THROUGH 

1955-56 

E. C. STENSTROM AND G. F. WESTBROOK 

Citrus & Vegetable Inspection Division 

State Department of Agriculture 

\Vinter Haven 

In February of 1956, our Division was 
a$ke<l by the citrus industry, through the 
Quality Advisory Committee of the Florida 
Canners' Association, to supply such tabu
lated data as we had available on the per
centages of grapefruit utilized by citrus pro
cessors which would meet various Brix and 
ratio levels. The purpose of these <lata was to 
furnish additional information to the Advisory 
Committee on the availability of grapefruit 
for processing into a frozen concentrate which 
would be of a superior quality as compared to 
that previously produced from fruit meeting 
only basic maturity levels. At the time of the 
request, · we were able to tabulate only a 
limited amount of data, taken entirely from 
the ·months of February and March for the 
past several seasons. This information was 
made available to the industry without delay, 
and was considered during the drafting of a 
Florida Citrus Commission regulation last 
March, setting up minimum requirements for 
grapefruit to be used in the production of 
frozen concentrated grapefruit juice, which 
were optional until September 1, 1956 ( 1). 

During the summer of 1956, we tabulated 
this same type information for each month of 
the past four seasons. All information was ob
tained from our inspectors' work-sheets, which 
are standard forms used for recording analyses 
of loads of fruit received at processing plants. 
For reasons of simplicity, loads rather than 

. boxes were used as the basic unit in this tab
ulation. The analyses of the individual loads 
were extracted and grouped in respective 
Brix and ratio brackets as foHows: Degrees 
Brix-less than 9.0, 9.0 to 9.49, 9.5 to 9.99, 

10.0 to 10.49, 10.5 to 10.99, and 11.0 degrees 
and higher; and ratios-6.0 to 6.49 to 1, 6.5 
to 6.99 to 1, 7.0 to 7.49 to 1, 7.5 to 7.99 to 1, 
8.0 to 8.49 to 1, 8.5 to 8.99 to 1, and 9.0 to 1 
and higher. Each month was tabulated indi
vidually, and the percentages of loads falling 
into each of the categories for that period were 
calculated. The tabulations were drawn up so 
as to represent fruit received by all major pro
cessors, with each day's receipts for the 
months of October, November and June being 
completely covered, and with· each alternate 
day's receipts being tabulated for the heavy 
six months of the processing season. In all, 
more than 137,000 individual loads were tab
ulated. Since this constitutes more than half 
of all grapefruit received by all processing 
plants during these seasons, statistical sample 
variation is not a complicating factor. 

The results of the tabulation of the 1952-53 
through 1955-56 seasons are shown in Tables 
1 through 4. The tabulation was to have in
cluded the previous five seasons, but records 
for 1951-52 had been partially destroyed, and 
data were available for only the months of 
February and March. Table 5 is a partial sum
mary of Tables 1 through 4, showing the -perc 
centages of loads received at :processing 
plants which met certain selected ·minimums. 

In addition to these especially compiled data 
which indicate the percentages meeting vari
ous Brix and ratio levels, our Division routine
ly tabulates and distributes seasonal sum
maries of percent citric acid and degrees Brix 
by week-endings, including volume of move
ment, for all fruit received at processing 
plants ( 2). This information is available to all 
segments of the citrus industry, and the tab
ulated data will not be repeated here. How
ever, these data have been averaged monthly 
for the past five seasons and are graphically 
illustrated in Fig. 1. This information is hence 
a part of the present study, and it is from these 
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Figure 1, 
12,0 12,0 

Degrees Brix 
1952-53 __ _ 

ll,O 1951-52 ___ _ 11,0 

10,0 

Brix-acid ratio 

8,0 8,0 

1,324 2,934 2,777 3,2S? 1,693 

April 

1,275 

Mey 

7,0 
728 

(One tholl.!land boxes, 5 year average) 
Oct, Dec, Jan, Feb, Mar, June 

data that we can determine what time of the 
season the grapefruit utilized reaches its high
est Brix level, together with appropriate ra
tios. 

A further bit of information is included 
here, also. As a result of the optional com
pliance provision of the regulation previously 
mentioned, close records were maintained on 
the fruit received for concentrating during the 
period March 18 to July 1, 1956. Some 3700 
loads were processed under this . plan, and only 
a negligible portion failed to meet the mini
mum Brix of 9.5 degrees. However, some 20% 
were below the specified 7.5 to 1 ratio level, 
principally because of inadequate screening 
by fruit procurement departments. Neverthe
less, the average ratio . of the unsweetened 
grapefruit concentrate packed during this 
period was more than 9.0 to 1, as evidenced 
by our inspection records ( 3) . 

In attempting to evaluate the factual in
formation we have presented here; it is neces
sary to make several assumptions: ( 1) That 

weather conditions will be no more unusual 
than those of the past five years. Hurricanes, 
freezes, and droughts may seriously affect the 
quality and movement of the grapefruit crop. 
( 2) That cultural practices will remain es
sentially the same. Certain spray and other 
cultural practices may cause additional vari
ables. ( 3) That fruit will be harvested at 
about the same periods as in the past. Changes 
in fruit utilization intervals would be most 
significant. 

As can be seen from the tables, there is 
an ample supply of fruit meeting 9.5 degrees 
Brix with a minimum of 7.5 to 1 ratio any 
month from February through June. Since eva
poration facilities are relatively idle during 
.February and March, it is convenient for pro
cessors to concentrate grapefruit juice dur
ing these two months. However, those desiring 
to pack unsweetened juice will find it much 
less difficult if they can delay their operations 
until April or May, for the percentage of 9.0 
to 1 ratio fruit has risen sharply by that time, 
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JANllldlf 
btt:ffl!; BRll 

l
.s 0,9 2,3 4.3 7,0 5.7 7.5 27.7'/, 
,O l.S 2,8 4. 7 6,2 4.6 4,1 23.9% 
.s 1,2 1.6 3.9 4.5 2,1, 2,8 16,1,% 
,o o.a 1.0 1.3 1.2 1,2 1.6 1 .1% .s o,s 0.3 o,6 o.6 o. 7 1.0 3. 7% 
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TABL& 2• Percent cf Loads Meeting Various De~ees Brix•R:itio Combinations, See.son ~54 

CX:TOBffi 
DEGREES BRIX 

NOVEMBER 
DECREF..'l BR IX 

11.ffiUp TClrAL : - 9.0 9.0 9.5 10.0 10.5 
6.~i 0,2 0.3 0.3 O,U% : 
6.5 1,1 1,8 0,8 0,4 0.2 4.3% : 
7,C 17.8 C.l 5.3 1.7 0.3 
7.5 27.0 6.5 2.7 1,4 0.3 
a.a 10. 5 3. o 1.0 0.2 

c.4 33.6% , 7 .6 

o.4 o,4 
2,0 4.9 4,3 1,9 
7.6 8,1 5.4 2,1 
6.6 5,6 3.6 1.5 
3.5 2,5 1,6 1.0 
2.0 1.1 o.s o,4 
1.1 o.6 0.5 0.2 

0.2 38,1% : 7,9 

8.5 4.0 l.J o.j 0,1 
9.C&Up 1.8 0.7 0.2 O.l 

14, 7% : 5.8 
5,7% : 2.6 
2,8% : 1,5 

TCTAL 61.1% 20. 7~ 11.3% 4,5% 1.3% 1,1% 100.0 

JANUARY 
DEGREES BRIX 

RATIO -9.0 9.0 9.5 10,0 10.5 11,'1 &Up TOTAL : 
6.o -1 u.5 1.0 1.1 2.0 1,9 2.0 8,5% , 
6,5 1.2 2.2 4,2 4,0 3,2 3,9 18. 7% : 
7 .o 2,5 3,3 5,3 4, 7 3,0 4.0 22. 8% : 
7.5 3,1 3.1 3,9 3,3 2.0 2,5 17,9% ,-
8.0 2,4 2.1 2,4 2.3 1.6 1.5 12,3% : 
8.5 2,h 1. 7 1. 7 1.3 1.1 1.0 9,2% 
9,C&Up 4,0 1.8 1,3 1,1 0,9 1,5 10.6% 

TOTAL 16.1% 15,2% 19,9% 18,7% 13,7% 16,4% 100.C 

~7 ~9 ~4 L3 2~ 
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1.6 1.6 
8.1 6.1 

11.0 & Up 
o.4 
1.7 
1,3 
o.8 
0,7 
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18.4% 
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T.ABU: 3• Percent of l<,~ds Meeting V'1rioua D8 4:rees Brix-Ro.t1o Com!Hcationa, scns<in 1954-55 

CCTl;Jlffi NlNE:.!BER DECEIIBIB 
DFiiREIB i'il!IX n.o t.Ue Toi'AL ~ 

fiEGREES711:IX -· --- - :'.G"!l~ •:7:tllx 
RATIO -9.0 9.0 9.5 10.0 10.5 -9.0 9.0 9.5 rn.o Io,s U.o & Up TOrAL ; -9.0 9.b 9,5 10.0 10,> Il.o & 02 
6.o-1 o.6 0.2 0.2 1.6,t : 0.5 1.s ·2~1i -- 4.IJ% , ----- --r.-r ·-2.0 4.6 
6.5 J.s 5.6 J.4 1.1 0,8 14,4% : 2.5 7,9 7.4 4.S 4,5 26.5% : 0.2 2,1 7.0 9,4 5,7 5,0 
7.0 lJ,O 15.0 9.4 J.6 1.2 0.4 42.6%: 6.6 8.8 9,5 8.0 5,1 2.5 40.5% : J,l 5,0 8.0 6,6' 5.2 J,2 
7-5 9,3 11.2 6,4 1,9 o.8 o.J 29,9% : 3,3 4,2 4,8 3,4 2. l 1,0 18.8% : 1,7 3,7 4.4 4.4 3.0 1.6 
8.0 2.3 4,0 2,1 o.8 0.1 9,3% : 1,2 1.3 1.8 1,5 0,5 0.3 6.6,: : o.6 1,3 1,7 1,7 1,1 0.7 
8,5 0.5 0.$ 0,8 0.1 1.9%: 0,4 0,3 o.s 0.3 0.2 1,7% : o.6 0,5 o.6 0.7 0,5 0.4 
9,C&Up O,J 0.2 0.3 0.1 0.9% 0,3 0,4 0,4 0.1 1.2% : 0.,3 0,4 0.3 0,5 o.6 0.5 

TOTAL 25,4% 34,4% 24,6% 10,5% 3,L% 1,7% 100.0 11,8% 17,5% 24,9% 21. 2% 13. 9% 10. 7% 100.0 6.5% 13.0% 22. 0% 24,li% 18,1% 16.0% 

JANUARY FEBRUARY lWll'.ll 
n .. nirnrn m:rx !l&WE'I BRIX llmtEES Ill!IX 

RAT10 -9,ci 9.0 9,5 10.0 10.s lI.o &Up Tim!: : -9,0 9,0 9.5 m.o Io.; II.o & Up TWAL: -9.0 9.o M 10.0 IOo5 11.0 & 02 
6.o -1 0.9 1,5 2.2 3,8 3,,7 6.2 18,3%: o.6 1,0 1.5 1.6 1,J 4,8 10.8% : 0.5 o.s o.s o.s 1.2 J,1 
6,5 1,7 2,6 4,1 s.o 5.'? 7. 5 26.6% : 1.1 1,5 2,7 3,4 3,3 9,4 21.4% : 0.9 0.8 ·102 2.5 2.3 ~-7 
7.0 1.2 2,4 3,9 Sol 4.9 6.1 23,6% : 1.2 1,5 2,5 4.1 .3.9 7.6 20,8% : 1.1 1, 4 2e2 .3.2 3,0 8,7 
7-5 1 •. 2 1.6 3.0 .3.0 3.0 2.9 14.n: , 1,6 1. 7 2.9 4.2 3.2 5,4 19,0% : 1,7 1,6 2 • .3 3.1 2.8 6.1 
a.a 0.8 0,9 1,7 l,9 1.4 1,3 8,0% : 1.2 1,5 2,5 3,2 2.3 3.6 14,3% : 1.8 1.8 2.2 2.5 1,9 4,7 
8,5 o.s o.6 0.7 0,8 0,8 0,6 4,0% : 1.1 0,8 1,4 1.2 .0.7 1,7 6.9% : 1,2 1.0 2,1 1,4 1.6 2,8 
9,C&Up 0,6 0.7 o.a 0.9 1.0 o.a 4,8% : 0.9 1.0 1,1 1;1 o.6 2,1 6.8% : 2,4 2.5 2.8 .3.0 2,4 3o4 

TOTAL 6.9,t 10.3% 16.4% 20.5% 20.5% 25.4% 100.0 7,7% 9,0% lli,6% 18,8% 15,.3% 34.6% 100.0 9,6% 9,6% 1.3,6% 16,5% 15.2% 35,5% 

AIBIL MAY JUNE 
ll= BRIX 

n.o &U2 T1'i'AI: ; 
DEGREES BRIX : DEGREES !RIX 

RATIO -Y,0 9,() 9,5 m.o 10.5 -9,0 9,0 9,5 10.0 10.5 U,O & Up TOrAL : -9.li 9.0 M 10.0 10.5 11.0 & il2 
6.o -1 c.5 o.J o.s o.8 0.3 1.9 4,3% I 0.1 0.3 0.2 0.3 o.3 ~-o::,· 1,5% : o,4 o.4 0~6 
6.S 1.1 1.1 1,5 1.5 1.4 3.3 9,9% ' 0.2 o.J 0,3 0.4 o.s 0.9 2.6% : 0,3 0,4 0.3 o.8 
7.0 1.9 1.s 1.9 2.2 Jol 6.S 17,)$ I 1 • .3 0,6 0,6 1.3 1,4 2,1 7.J% : o.s o.i. 0,2 o.8 o.s 1.2 
7.5 J,.3 1,6 2.9 2,J 2.0 5,7 17,8% : 2.1 0.9 1.4 2.0 1,4 4.4 12.2%: 0.9 o.6 0.6 1,3 2,0 2.0 
8.c, 2.4 2,1 2,6 2,7 1,9 4,1 15,8% I 2,9 2.0 2.J 2,.3 1,9 J.6 15.0,: ' 1.6 1.2 1.3 1,9 2,0 2.6 
8,5 1,9 2.0 1,7 2.2 l,J .3,5 12,6% : 2,9 1,6 2.6 2.1 1,.3 J,2 13,7% I 1,4 1.6 1,9 1.8 2.4 .3,2 
9,(¥.Up 5,4 3.·8 J,6 J.8 2.4 3,5 22,5% I 10.1 8.2 a.s 8.J 5.6 1.0 47,71, I 15,0 6,6 9,1 9,5 7.9 14,6 

TOI'AL 16,5% 12.4% 14.7% iS,5% 12,4% 28,5% 100.0 ' 19,6% 13.9% 15.9% 16.7% 12.L:C 21,5% 100.0 : 19,4% 10,1.% 1.3,6% 16.1% 15,5% 25.()% 

TOi'AI: 
7,7% 

29.4,: 
31.1,: 
18,8% 
7.1,: 
3,3% 
2,6% 

100.0 

TO!'AI, 
6. :. .~ 

14,4..; 
19, 6% 
17,6% 
l4o9% 
10,1% 
16.5% 

100.0 

TOTAL 
1,1& 
1,8% 
3c6% 
7.61, 

· 10,6% 
12.)% 
62,7 

100.0 
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wu:4, hroent fl LOada lloet1ng Var1oua. Degree, Brix-Ratio Combinat1 .. ••--•on 1955-56 

OCTOBER 
"%j 

N0V.:tIBER DECEl-:Bfill t"' De rees Brix ~rf• Bri~~7!ti--------Ml9----~-@aBr~
2

- -- --- -__ 0 RATIO - .0 9.0 9. 10.0 10. 11.0 & .9- 2• 0o0 :\c • llo r-· Total : -9._0___.9 9. 10.0 10_. _ll.0 & Up Total 
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and percentage-wise is more than four times 
as great in May as in February. Now, it is 
true that the bulk of the crop has normally 
been harvested earlier ( 4), so fruit procure
ment departments would have to arrange for 
suitable supplies in advance with appropriate 

additional two months, sugar content would 
remain rather constant while ratio would con
tinue to increase ( 5). In practice, the econom
ics of such a policy might be variable, of 
course, and will not be considered here. 

The real problem then, seems to be in ob
taining fruit of suitable ratios, but this should 
not be an insurmountable one. Those opera
tors who control a major portion of their sup
ply should keep a regular check on the de
velopment of their blocks. Enough data 
should be available to enable field production 
men to project the probable ratio curve after 
the first few months. Operators depending 

picking dates. . 
In the interest of efficiency, if for no other 

reason, it behooves concentrators to use fruit 
with the highest Brix obtainable. From the 
Brix-ratio graphs ( Fig. 1) we can see that 
this point has generally been reached in March 
of each of the years studied. However, if 
selected high Brix crops were held for an 

Tu.ble S1 Partial summary of tabulated data showing percentages meeting 
certain minimum ratios at 9.5 degrees Bru level. 

Percent of loads with 7.5 to l ratio 

October November December Janua::z Febru!!!Z ~ April ~ 
1955-56 19.2 21.9 27.9 25.3 L0.7 53.l 56.1 62.9 
195L-55 13.7 16.9 22.7 24.6 37.2 L5.l L6.2 57.9 
1953-54 6.5 20.9 27.6 29.4 L5.7 L9.J 57.9 59.0 
1952-53 9.1 26.5 31.7 25.o )2.9 Lo.3 44.) L4.o 

Averages 12.1 21.6 27.5 26.1 39.1 47.0 51.l 56.o 

Percent of loads with 8.0 to 1 ratio 

October November December Janua!Z Februa!;l ~ April ~ 
1955-56 6.8 1.0 11.6 11.8 2).8 34.4 Lo.2 48.8 
1954-55 4.) 5.6 9.3 12.7 21.5 30.8 33.3 48.7 
1953-54 1.9 9.4 13.7 17.7 30.5 36.0 43.9 L9.8 
1952-53 2.6 12.4 16.6 11.4 17.5 24.0 35.3 39.3 

Averages 3,9 8.6 12.8 13.4 23.3 31,3 )8.2 46.7 

Percent of loads with 8.5 to l ratio 

October November December Janua!:l lebrua!:l March April ~ 
1955-56 2.6 2.2 4.9 5.o 11.2 21.2 26.9 34.8 
1954-55 1.3 1.5 4.1 6.4 9.9 19.5 22.0 38.6 
1953-5L 0.1 3.6 5.5 9,9 19.2 24.9 32.5 Lo.2 
1952-53 o.6 5.4 7.4 6.1 9.0 12.6 25.8 32,9 

Averages 1.3 ).2 5.5 6.9 12.3 19.6 26.8 36.6 

Percent of. loads with 9.0 to l ratio 

. October November December Jc..nua!:l Febru~ March April ~ 
1955-56 . 1.3 o.6 2.4 2.0 4.5 11.0 16.7 23.3 
1954-55 o.4 o.5 1.9 3.5 4.9 . 11.6 13.3 29.4 
1953-54 0.3 1.4 2.3 L.8 11.0 16.9 23.7 32.1 
1952-53 . 0.1 2.1 ).1 ).2 L.1 6,9 17,3 26,l 

Averages 0.5 1.2 2.4 3.4· 6.1 ll.6 17,8 27.7 
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largely on purchased fruit will have to insist 
on very rigid requirements as to acceptable 
lots. In either case, field men will have to 
know . within very close limits the actual Brix 
and ratio that may be expected before picking 
crews move into a block for harvesting. 
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I NTRODUCTION 

The development of an off-flavor and odor 
during the manufacture of frozen orange juice 
concentrate has resulted in severe economic 
losses to a number of citrus concentrate pack
ers. This off-flavor is reminiscent of "butter
milk" and is a result of the accumulation of 
diacetyl, a 'metabolic product of certain bac
teria. Other· than the work by Kilburn and 
Tuthill (II), former studies on the growth 
characteristics of these organisms and their 
production of diacetyl in orange juice has been 
limited to static batchwise cultures. Kilburn 
and Tuthill ( 11) used the continuous culture 
method to show the relationship between data 
obtained by plate count, microsopic count, and 
diacetyl analysis, and thereby validated the 
use of the latter analysis as a quality control 
tool in the citrus industry. 

It was considered appropriate to supple
ment this applied investigation with a more 
basic approach to the characteristics involved 
in the formation of diacetyl in orange juice in 
a continuous culture system. This technique 
manages a unique separation of the rate of 
diacetyl production by a given organism from 
that organism's rate of growth. Batchwise in
vestigations \ are necessarily a summation of 

growth and ' m~fabqFc product formation and 
the latter cani1ot be· studied separately. 

In the continuous culture system the vessel 
or fermentor · in which the test organisms are 
growing and forming metabolic products is 
supplied , with fresh sterile rnedium at a con
stant rate. A constant volume is maintained in 
the fermentor by having an overflow rate that 
is constant as well as equal to the input rate 
of the fresh medium. By appropriate adjust
ment of the flow rate through the fermentor, 
a constant microbial population density of ac
tively growing organisms can be maintained. 
J\t this constant population the rate of product 
formation can be studied without being af
fected by variations in the· number of or
ganisms. · 

THEORY OF PnoDUCT FonMATION IN A 

CONTINUOUS CULTURE SYSTEM 

To assist the reader, the following nomen
clature will be_ used in the development of 
equations: 

a =diacetyl concentration at time t (in 
p.p.m.) 

a.= diacetyl concentration .at zero time (in 
p.p.m.) 

k = growth rate constant (in reciprocal 
hours) 

k'=reaction rate constant for diacetyl for
mation ( in p'.p.m. formed per hour by 
one million organisms per ml or a 
population density of one.) 

R . medium flow rate (in ml per hour) 
t = time ( in hours) 
V = capacity of the fermentor ( in ml) 
x = bacterial population density at time t 

( in million organisms per ml) 
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x,,= bacterial population density at zero 
time 

Equations applicable to the behavior of a 
population density with time in a continuous 
culture system were derived by Monod (14) 
using a differential material balance of the 
system. By a slightly different approach, Golie 
( 8) arrived at the same basic equation of 

dx 
dt = Rx kx--v 

Equation ( 1) states that the rate of change 
of bacterial population in the fermentor with 
time is equal to the rate of bacterial density 
increase less the rate at which the bacteria 
are being washed from the fermentor. Inte
gration of equation ( 1) yields. 

...L1n2. : k - ..,!. 
t Xo V 

Hence, when the rate of medium flow ( R) 
divided by the capacity (V) of the fermentor 
is equal to growth rate constant ( k), the 
population density of the bacteria in the fer
mentor will remain constant. Monad ( 14) pre
sented a rigorous proof of this fact. Under 
these conditions the bacteria were being 
washed from the fermentor in the overHow at 
a rate commensurate with their rate of re
production in the fermentor. 

Although the characteristics of a bacterial 
population in a continuous culture system, as 
discussed above, have received a good deal of 
attention (6, 16), only a limited description 
of product formation by bacteria in this sys
tem has been made. Maxon (13) in his micro
biological process report on continuous fer
mentation presented a detailed treatment of 
product formation in cases where the sub
strate concentration was rate-limiting. How
ever, in this investigation of the rate of diace
tyl production in orange juice, as in many 
other fermentations where the substrate con
centration might be excessive, the rate-limiting 
factor in the system would be the enzyme con
centration or bacterial population density . . 

In attempting to develop an expression for 
the product concentration and rate of product 
formation in a continuous culture system, it 
was assumed that the rate of product forma
tion was proportional to the bacterial popula
tion density and that this was rate-limiting. 
Further, it was assumed that product concen-

tration in the overflow from the fermentor was 
representative of the instantaneous product 
concentration within the fermentor, which 
from a practical standpoint, as shown by Mac
Donald and Piret ( 12), was not too difficult 
to realize. \Vith these assumptions, a differen
tial material balance of the fermentor gives 
the following expression: 

Ra k'xdt = Tdt 

In equation ( 3) the terms, R, V, and k1 are 
constants, but the population density, x, in a 
gener:il solution is a variable with time. How
ever, the variation of the population density 
with time is described by the exponential form 
of equation ( 2). Hence, substituting for x in 
equation ( 3) from equation ( 2) and rear
ranging gives the basic expression 

da + R - k'x e(k-R/V)t dt' v• - o 
This differential equation is first order and 
linear with respect to a, and has the solution: 

. , .-ft" v,,,,,. , . ..,,,. . . f ;.. , .. :] 
which upon integration and simplification be
comes 

a = k'x2 e(k-R/V)t 
k 

09-Rt/V 

When t=O, then a=a0 and the constant of 
integration becomes 

C 
k 1 x0 

k 
Substituting into equation ( 6) for the constant 
of integration, C, as given in equation ( 7), 
the final expression obtained is: 

a • k'xoe-Rt/V (ekt - l) ♦ •o e -Rt/V 
k 

\Vhen equation ( 8) was used in the calcu
lation of experimental results the unknown 
was the reaction rate constant for diacetyl 
formation , k'. Implicit in this constant are the 
experimental conditions such as temperature, 
medium, etc., but most important, the organ
ism being tested. A comparison of the k' 
values of two different organisms tested under 
essentially the same conditions was a com
parison of their ability to produce diacetyl 
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under these conditions. Further, if the k' value 
of an organism was known, the level of diace
tyl concentration for any bacterial population 
density in the continuous culture system coiild 
be estimated. 

Determination of k': Under experimental 
conditions the population density was held es
sentially constant with x0 equal to x. Also 
under these conditions the diacetvl concen
tration is constant and a. is equal t~ a. To ob
tain constant x and a values, conditions were 
adjusted such that k is equal to R/V. Hence, 
substituting into equation ( 8) for x., a0, and k 
gives 

a : 
k'xe-Rt/V / 

RIV ( eRt V - 1 ) "' ae -Rt/V 

which simplified and· solved for k' gives 

k' = aR 
xV 

The units of k' are expressed as p. p.m. of 
diacetyl formed per hour by a population den
sity of one ( a million organisms per ml). 

EXPERIMENTAL METHODS 

The. continuous culture system employed 
did not vary appreciably in general set-up 
from those already described in the literature 
(2, 4, 6, 7, 15), except for possible simplifi
cation. The fermentor consisted of a 500 ml 
flask with a side arm overflow. Both the fer
mentor and a sterile medium supply flask were 
immersed in a 30° C. constant temperature 
bath and equipped with magnetic stirrers to 
insure adequate agitation. The flow rate of 
sterile orange juice was controlled by a Sigma
motor pump which delivered by positive dis
placement as low as 4.7 ml per hour. 

Growth in the fermentor was followed by 
plate counts and direct counts. A number of 
direct counting methods have been developed 
specifically for the determination of organ
isms in orange juice ( 9, 18, 21) and these 
along with some 25 other staining procedures 
were examined for possible use. The procedure 
finally adopted was as follows: With the use 
of a standard loop, 0.01 ml of the sample to 
be counted was evenly spread over an area 
of -1 sq. cm. that had previously been ruled off 
on a clean slide. The smear was air dried and 
lightly fixed with heat, A drop ( approximate-

ly 0.01 ml) <:>f stain solution ( consisting of 1 
ml 10% tannic acid, 2 ml 0.001% aqueous 
methylene blue, and 1- drop of acid alcohol) 
was placed over the fixed smear and examined 
through a coverslip which is sealed to the 
slide with wax. This wax seal prevents the 
evaporation of the stain solution. The medium 
dark contrast · oil immersion objective of a 
phase microscope and 15X oculars were used 
in counting. The oculars co_ntained a grid on 
which a field corresponding to l/400th of a 
sq. mm. on the smear was ruled off by previ
ously viewing a haemocytometer under the 
same conditions. The dilution factor for count
ing was 4 x 10•. 

From the number of different methods 
available in the literature for the quantitative 
determination of diacetyl ( 5, 17, 19), several 
of which were specifically used for the detec
tion of diacetyl in orange juice ( 3, 10), the 
procedure of Westerfeld (20) was finally 
chosen and used without modification. To pre
pare the sample of orange juice for the diace
tyl test, a distillation was perfoi·med. Distilla
tion was not carried out for the purpose of 
concentration as done by Hill, Wenzel and 
Barreto ( 10) and by Byer ( 3), but to physi
cally separate the diacetyl from the orange 
juice. The single strength juice used for this 
study contained an unknown substance which 
inhibited the development of the diacetyl test. 
It was shown by a series of experiments that 
this inhibition was not due to the juice mask
ing the color of the test, to the presence of 
an unknown constituent in the juice competing 
with diacetyl for the guanidinyl groups of 
creatine, or to the juice having sufficient buf
fering capacity to prevent obtaining the re
quired alkalinity. An attempt to remove the 
inhibiting factor by treatment with Norite 
charcoal was unsuccessful, hence, distillation 
was employed. 

A standard curve relating diacetyl concen
tration and optical density readings was con
structed using known amounts of purified 
diacetyl. 

The two organisms used in this investiga
tion, Lactobacilltts No. 802 and Lactobacilltts 
No. 805, were both originally isolated from 
orange juice and for neither organism was the 
species established. Both organisms were capa
ble of growth in orange juice with the produc-
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tion of a typical "buttermilk" off-odor and off
flavor. 

To start a continuous culture system exper
iment, the fermentor was inoculated with an 
actively growing culture of the organism to 
be tested. This culture was allowed to grow 
batchwise in the fermentor for five to eight 
hours before starting to add fresh sterile single 
strength orange juice. The fresh juice was 
added continuously and at a constant rate to 
the fermentor, although the rate was sometimes 
purposely changed during the course of an 
experiment to some other constant value. 
While a run was in progress, direct counts, 
plate counts, and diacetyl tests were made. 
The overflow of juice was collected and the 
volume measured at various times to deter
mine the flow rate, R. When the run was com
pletecl-generally from 50 to 80 hours after 
the start-the population density and diacetyl 
concentration were plotted against time to 
give a graphical picture of the experiment. 
The rate of diacetyl production was also cal
culated. Each experiment differed slightly in 
detail, but all of them followed the general 
pattern described. 

RESULTS AND D1scuss10N 

Three representative graphs of three typical 
experiments are given in Figs. 1, 2, and 3. In 
these three experiments, as well as ip all other 
experiments performed during the course of 
this investigation, when the rate of delivery 
of fresh juice was altered, an alteration in the 
population density and the diacetyl concen-
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tration was experienced. Both the population 
density and the diacetyl concentration under 
conditions of slightly changed flow rate would 
seek new equilibrium concentrations and re
main constant at these new levels as long as 
the new flow rate was kept constant. In seek
ing this new level the diacetyl concentration 
paralleled the population density as was ob
served by Kilburn and Tuthill ( 11) in their 
investigation. Adams and Hungate ( 1) dis
cussed this leveling off phenomenon at some 
length and devised a system of predicting the 
leveling off population density at different 
flow rates. 

In Fig. 1 over the course of the experiment 
the flow rate . gradually increased until at 
about 50 hours the flow rate had increased 
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sufficiently to dilute the organisms from the. 
fermentor at a rate greater than they were 
being reproduced and both the population 
density and the diacetyl concentrat.ion dropped. 
However, it is important to note that these 
variables were kept constant for something 
over 30 hours. In Figs. 2 and 3, the flow rate 
was purposely changed and the curves re
sponded as would be expected. 

For those portions of these experiments 
where the population density: and the diacetyl 
concentration remained constant, values of k' 
were calculated using equation (10). Using 
all of the data available, k' values were calcu
lated and averaged for both test organisms. 
The average k' value for Lactobacillus No, 805 
was 2.5 and that of Lactobacillus No. 802 was 
0.015. The reaction rate constant k' is the 
proportionality factor which relates the rate of 
diacetyl production by a given organism to its 
population density, while the constant ratio of 
k'/ k relates the concentration of diacetyl to 
the population density under equilibrium con
ditions. The average k' values given merely 
express an order of magnitude of diacetyl 
formation, since at the high population densi
ties used experimentally, the value of k varies 
slightly with the population density, as dis
cussed by Adams and Hungate ( 1). Since k 
was considered a constant in the integration 
of equation ( 4), a true variation in k in turn 
caused a pseudo variation in k', although the 
magnitude of the error was not great. At the 
lower population densities that would be met 
in commercial operations (less than one mil
lion organisms per ml) , both k and k' would 
be constant. Experimentally, however, it was 
very difficult to adequately balance the con
tinuous culture system at these lower levels. 

The results of these experiments again em
phasize the lack of validity in using either 
plate or direct counts as the sole criterion for 
predicting potential off-flavor in concentrated 
.orange juice. Organism No. 805 produced dia
cetyl at about 167 times the rate of organism 
No. 802, while growing at a rate that is rough
ly 67% the rate of the latter. Disregarding dilu
tion, ten thousand No. 805 organisms per ml 
would produce 0.1 p.p.m. diacetyl (an unac
ceptable level) in four hours while it would 
rc<1uirc one millio11 No. 802 organisms per ml 
a period of eight hours to produce this same 
level of diacetyl concentration. 

SUMMARY 

Two organisms previously implicated in the 
spoilage of orange juice were grown in the 
continuous culture system and their rates of 
diacetyl production were determined. One of 
the test organisms, Lactobacillus No. 802, pro
duced diacetyl at the rate of 0.015 p.p.m. per 
hour, per one million organisms per ml. The 
other test organism, Lactobacillus No. 805, pro
duced diacetyl at a rate 167 times as great as 
the first, or 2.5 p.p.m. of diacetyl per hour, 
per one million organisms per ml. 

The relationship of product formation to 
population density in a continuous culture 
system was mathematically defined and a 
method for calculating the diacetyl concen
tration and rate of diacetyl formation was 
derived. 
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STANDARDIZATION OF FLORIDA 
CITRUS PRODUCTS 

ARTHUR R. PonJECKY 

Southern Fruit Distributors, Inc. 

Orlando 

Members and friends of the Florida State 
Horticultural Society, I will present my topic 
in the hope that it will not only benefit our 
great citrus industry but also the ultimate con
sumers of our products. Because standardiza
tion has been such an important factor in the 
development and growth of our processed 
citrus industry a brief history of its standards 
is in order. 

The depression brought on the fir~t need 
for standards. The United States Department 
of Agriculture was petitioned to . issue a Fed
eral standard for Canned Grapefruit sections. 
This standard enabled a canner to have his 
warehouse stocks graded and certified by Fed
eral Inspectors. Banks used these . certificates 
to establish a fair loan value. As other citrus 
products were introduced Federal Standards 
were issued on them. 

With the rapid expansion of canned citrus, 
many buyers changed from the early practice 
of buying on samples and started to buy on a 
grade basis. In 1940, another use was made of 
the standards. Several Florida Canners re
quested the U. S. Department . of Agriculture 
to furnish inspectors to their plants on a con
tinuous basis. These Federal Inspectors would 
observe the fruit used, the entire processing of 
the product and the overall sanitation of the 
entire operation. With this added information, 
they were able to do a much better job of 
grading the finished product. The Canner was 
then allowed to indicate on his label that his 
product was packed under Federal Inspection 
along with the official grade assigned the 
product. This was the start of Grade Labeling. 

To put our taxpayers at ease, this inspection 
was not a handout; the canner reimbursed the 
government for all Inspectors' salaries and ex
penses for the services rendered. 

The War Department made full use of the 
Federal Standards during the War that fol
lowed. They carried on their vast purchasing 
program by paying for all processed citrus on 
a grade basis. At the close of the war, the 
majority of Florida citrus canners were having 
all of their products inspected. To the credit 
of our industry this was being done entirely 
on a voluntary basis with the canners paying 
the cost of inspection. 

In 1948, I realized that the existing Federal 
Standards needed some drastic changes. At an 
industry meeting I suggested that the indus
try incorporate Brix-acid ratios into the stand
ards to eliminate the extremely tart juice that 
was canned in some seasons. For example, 
canned grapefruit juice with a Brix of 9.5° 
and an acid of 2.00% was in the Fancy Grade, 
even though the Brix-acid ratio was below 5 
to 1. Canned orange juice with ratios below 8 
to 1 also fell into Fancy Grade. The Florida 
Citrus Industry· gave my suggestion' unani
mous backing. However, the Federal Govern
ment was not able to make these revisions 
without the approval of the other citrus pro
ducing areas. During this delay, another seg
ment of the industry was heard from. Frozen · 
orange concentrate had been introduced and 
the concentrators wanted the new found 
"Cinderella" protected at any cost. This com
bination of events coupled with Fuller War
ren's ambition to be governor, climaxed in Mr. 
Warren realizing his life's ambition and in the 
birth of "The Florida Citrus Code of 1949." 

This Law is unique in many ways. It not 
only requires that all fresh fruit meet the ma-
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turity laws in the code, but also all citrus prod
ucts processed in Florida must meet its re
quirements or be labeled SUBSTANDARD. 
The code also authorized the Florida Citrus 
Commission to establish State Grades on all 
processed citrus. The Commissioner of Agri
culture has the responsibility of Inspection and 
Compliance with the law. The inspection is 
being carried out at present by Federal In
spectors under a joint agreement with the 
Florida Department of Agriculture. The Citrus 
Commission has adopted the Federal Stand
ards as State Standards. Here I wish to em
phasize that whereas in other citrus producing 
areas the use of these standards is voluntary 
in Florida because of its laws they are com
pulsory. 

Standards can be classified into three parts. 
If a product is to be properly labeled, it must 
be described, this is a "Standard of Identity.'' 
To protect the consumer the containers must 
be properly filled, this is a "Standard of Fill.'' 
Once established, these two are seldom 
changed so we will concern ourselves with the 
third part-that is, ·"Standards of Quality." 

The standard for Canned Grapefruit has 
best stood the test of time. Fancy Grapefruit 
sections have not changed in the past thirty 
years. I see no need for any changes in the 
near future. Because of the high labor cost 
involved, canners try only to pack Fancy 
quality. However, some fruit due to its na
ture, does not hold up as well during process 
and consequently some of the segments be
come broken and soft. This is graded as 
Choice instead of Fancy. Since both of these 
grades have the same nutritive value, con
sumer should choose based on the use intend
ed for the canned grapefruit. purchased. 

The Standard for Canned Grapefruit Juice 
has had many revisions. There are separate re
quirements for the two styles; that is sweet
ened and unsweetened. The sweetened style 
requires a minimum Brix of 11.5° and a 
minimum Brix-acid ratio of 9 to 1. The un
sweetened style a minimum Brix of 9.0° and 
a sliding scale of ratios starting at 8 to I at 
a Brix of 9.0° down, to a ratio of 7 to I at 
a Brix level of 10.5° or higher. We all agree 
that a 7 to I Brix-acid ratio is too tart and 
so it would seem advisable to raise this level 
and at the same time simplify the standard by 
doing away with the sliding scale. We have 

con.;e a long way in improving our canned 
grapefruit juice from the high acid product 
of the past. But I feel that to move forward 
we must have an examination of conscience. 
Our maturity laws are based on Brix-acid 
ratios. This allows some crops of fruit to be 
harvested 'as early as September and October. 
The native Floridian or Florida cracker doesn't 
eat grapefruit until a much later elate. So we 
live under two sets of maturity standards, a 
brix-acid ratio for the "Yankees" and a taste 
test for ourselves. The unfortunate part is that 
only a very small part of our crop is picked 
during this early period; statistics will hear me 
out on this. The only argument that can be 
advanced for this early harvest is that it helps 
the market on fresh fruit by extending the ship
ping season. Most growe·rs will bear me out 
that for many years, they haven't realized any 
of this better market price. It is my honest 
opinion that if the grapefruit season was post
poned until November it would not only elim
inate some of the undesirable fresh fruit going 
to market and to canneries but it would also 
create a better economical return to the grow
er and processor. 

It is sound logic that the few crops now be
ing picked early would taste better if they re
mained on the trees longer. This would en
courage more consumers to eat grapefruit in 
fresh form thus helping the fresh market. By 
eliminating the very small percentage of early 
grapefruit being canned in September and 
October the overall quality of canned sweet
ened grapefruit juice would be improved. Our 
best quality unsweetened grapefruit juice is 
canned in the late spring when grapefruit 
reaches its optimum sweetness. Canners 
would be . encouraged to carry over large in
ventories of premium quality unsweetened 
juice if they knew . that they did not have to 
compete with the low price now created by 
the canning of the early packing house elim
inations. Buyers would also remain more active 
through September and October with this 
added confidence in our market. I am cer
tain that all of this would add up to improved 
quality in both fresh grapefruits and canned 
grapefruit juice, with a better economical re
turn to all segments of the industry. 

The Standard for Canned Orange Juice has 
· also had many revisions. Sweetened Orange 
Juice requires a minimum Brix of.10.s· and a 
minimum Brix-acid ratio of 12 to 1. Unsweet-
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cned orange juice a minimum llrix of 10.5° 
and a sliding ratio scale of 10 to 1 if the 
Brix is less than 11.5 and down to 9 to 1 if 
the Brix is above 11.5. Here again we all 
agree that the 9 to 1 ratio at any Brix level is 
too tart and so it should be raised and the 
sliding scale, which only . serves to confuse 
our production personnel, be done away with. 
Again we can help the quality of both fresh 
oranges and canned orange juice by holding 
back slightly on our picking schedule. 

There is one other important factor in 
orange juice that I must dwell on. This factor 

· is color. Many of our northern friends associate 
the word orange with the orange color. The 
deep orange color of synthetic beverages to 
which artificial color has been added, strength
ens this delusion . The color of Florida orange 
juice varies from yellow to yellow-orange in 
color. This variation in color depends on the 
variety of orange and to a lesser degree on the 
growing season. Consumers should be in
formed that this lack of ornnge color in no 
way detracts from the health-giving qualities 
of Florida orange juice-actually in many in
stances the vitamin level on the pale colored 
early varietifs is even higher than the later 
varieties. 

The suggestions I have made on Canned 
Grapefruit Juice and Orange Juice would of 
course also benefit the quality of canned 
blended juice. 

Canned tangerine juice can be improved by 
changes in the methods of process and stor
age. Some in the industry would like to re
classify tangerines and call them oranges. I 
wish to remain old-fashioned in this respect. 
To me those zipper-skinned fruit mother put 
in our stockings at Christmas are still tanger
ines. 

Our latest product, orange juice in car
tons, still is in search of an official name. Be
cause of the varied methods of production it 
had· been verv difficult to establish a Standard 
of Identity. However, steps have been taken 
to have the Federal Food and Drug Admin
istration issue a Standard of Identity and this 
should · enable packers to properly label this 
item. 
· I ·. have saved Frozen Orange Concentrate 

for the very last. My reason is, that the Florida 
citrus code and Federal Standards have done 
much to promote the .popularity of this prod-

uct. The code prohibits the addition of sugar 
to Florida Orange Concentrate-this protects 
the consumer from any possible adulteration 
that might arise by the substitution of sugar 
for natural fruit solids. The code establishes a 
minimum fruit solids value in the finished con
centrate which assures the consumer that after 
the addition of three parts water the recon
stituted orange juice is of the same strength 
as the freshly extracted orange juice. The 
minimum Brix-acid ratio of 12 to 1 is much 
higher than the minimum of 8 to 1 allowed 
in fresh fruit and the present 9 to 1 allowed 
in canned orange juice. And here I wish to 
clinch my previous arguments against the 
early harvesting of Florida citrus. In spite of 
the rigid controls the concentrators have im
posed on themselves. They were able to pro
duce seventy million gallons of frozen orange 
concentrate during the past season. To do this, 
they utilized fifty million boxes of oranges out 
of a ninety-two million box crop. This entire 
production was accomplished during a four 
months production period, in most plants, and 
the growers enjoyed the best returns on record. 

Consumers may now ask this question: If 
your industry is so highly standardized why 
the variations in quality? There are many rea
sons. Primarilv the differences in the varieties 
of fruit we gr~w; differences in the processing 
and blending of fruit; and differences in the 
packers as well. Standards will never change 
these, but standards can and must assure you 
a satisfactory product. Many of our quality 
problems arise after our products leave our 
warehouses. Prolonged storage at high tem
peratures will alter the quality of all canned 
citrus products. Many handlers and consumers 
still fail to realize that frozen orange concen
trate is a perishable product and must be 
handled as such. 

In conclusion any industry that has enjoyed 
the tremendous growth of ours has a right to 
be proud of the products it produces. How
ever, to continue forward we must not rest 
on past performances. It is with this thought 
that I wish to re-emphasize that the only 
real important change we can make to further 
improve our products is · to change our ma
turity laws. To do this the standards must be 
rigid enough to delay the picking of fruit until 
November or such time that we ourselves are 
satisfied with the fl avor of the fruit we harvest. 
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AND GEORGE RENNINGER 
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Lakeland 

Twenty years ago in 1936, Dr. Alb~rt 
Szent-Gyorgyi announced the discovery of a 
Capillary Permeability factor, vitamin P, iso
lated by him and his associates from red pep
per and lemon. At first he believed that vita
min p was a single chemical substance. How
ever several months after his announcement, 
he r~ctifiecl his statement admitting that vita
min P is a compound of several flavonoids. 

Immediately after the discovery of vitamin 
P, the California Fruit Growers Exchange em
barked on an extensive investigation of vita
min P. The California scientists isolated sev
eral flavonoids present in citrus fruit and 
synthesized some, like methyl-chalcone hes
peridin. The results of the clinical trials with 
their flavonoid compounds were not very en
couraging, and somewhat disappointing. 

By 1946-47, the whole problem of vitamin 
P reached a critical state. The work of Szent
Gyorgyi seemed to be discredited and con
troversial. The vitamin nature of vitamin P 
was denied by some workers, its therapeutic 
value questioned, and some workers even 
claimed that vitamin P or flavonoids are 
neither absorbed nor assimilated by the or
ganism (Clark) . It was under these highly 
unfavorable conditions that the Southern Bio
Research Laboratory in 1947 began the in
vestigation on citrus vitamin P. 

We visualized two possible roads of attack
ing this problem. One, to follow the steps of 
California and to try isolating various citrus 
flavonoids, or to return to the original con-

cept of Szent-Gyorgyi and to work with vita
min P as a flavonoid complex. We chose the 
second approach and decided to work and to 
investigate the flavonoid compound we ex
tracted from citrus wastes. This compound, 
composed of the flavonoids naturally present 
both in grapefruits and oranges, we called 
citrus vitamin P, or C.V.P. It is water soluble, 
and it contains several flavonoids, apparently 
forming one or two complex flavonoid mole- ' 
cules, as flavonoids tend to do so easily. It 
was this compound that we have been inves
tigating experimentally and clinically for the 
last nine years. 

THE BIO-ASSAY FOR VITAMIN p 

The chemical tests on flavonoids are of a 
limited significance. The boro-citrate test, the 
Lawrence test and others give an indication 
of the chemical nature of a flavonoid but they 
do not disclose the biological activity of the 
compound. Thus, our second problem was to 
work out a reliable bio-assay. Ambrose and 
DeEds offered a method of testing capillary 
permeability by applying chloroform to the 
skin of rabbits and injecting trypan blue dye. 
Although this method has some merit, it is 
not sufficiently exact for any quantitative test. 
Gradually we elaborated a bio-assay technique 
which we believe is accurate and dependable. 
This method is based on the dlscovery of Dr. 
M. J. Shear of the National Health Institutes 
that the polysaccharide isolated from Serratia 
marcescens induces an extensive hemorrhage 
in the tumors of animals. ( 1) 

The bacterial polysaccharide preparation 
supplied to us by Dr. Shear and labeled P-25 
is well standardized. A dose of 0.5 mg. in
jected in a rat, 150 grams weight and bearer 
of a tumor two inches in diameter, kills the 
animal in 6-7 hours. Death is caused by a pro
fuse capillary bleeding and a destruction of 
numerous capillaries of the tumor. 

Our tests with citrus vitamin P have demon
strated its biological activity. Table I gives 
the data pertaining to one of our tests . 

When 3 mg. of the citrus vitamin P com
pound were injected one hour before the in-
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jection of bacterial polysaccharide, the animals 
lived an average of 20 hours instead of an 
average of 7 hours without vitamin P. When, 

however, the dose of vitamin P was increase.cl 
to 10 mg., 66% of the animals survived and 
33% lived an average of 45 hours, (2) 

Rat Nos. 

r;1 .. A, m" 
171-B, fo 
171...C, m. 
171 .. D, mo 
l7l•E, mo 
174--A, fo 
174-B, mo 

174-C, mo 
l 74-D, mo 
174-E, mo 
174-F, mo 
177 .. 1.., fo 
l'7'7•B, mo 
177--C, fo 
1'77•D, mo 
1'7'7-'E, mo 
l77•F.P m. 
1'77•H, m. 
178--A, n:.o 

Controls 
l78•B, mo 
178-C, f. 
lriS-D, mo 
178-'E, f. 
178-F, fo 
178 ... H, m. 

(*) 

TABLE I 

THE PRO'!'ECTIVE ACTION OF CITRUS VI TAMI M P 
AGAINST THE HEMORRHAGEwI.NDUCING ACTIVITY 

OF BACTERIAL POLYSACCHARIDE, F-25 (~) 

TREA 'Ill!E:NT 

Citrus Result: 
p .. 25 Vita.min P D~6th or survival 

Oo5 mgo 3 mgo Death in 17 hreo 
Oo5 ill5. 3 mgo Death in 22 hrs o 25 mino 
0.,5 mg. 3 r.1g~ Dea.th in 18 hrso 
o.s mgo 3 mg. D'!ath in 19 hrs. 10 min. 
Oo5 mgo 3 mgo Dea.th in 20 hrs. 40 min. 
Oo5 nig o 3 mg. Death 111 19 hrso 
Oo45 mg 3 mgo Death in 24 hrso 30 mino 

Oo5 mgo 10 %1'.lgo Death in 36 hrs o 

Oo5 ~· 10 mgo Survived 
Oo5 mgo 10 mgo Death in 52 hrso 
Oo5 ~· 10 mg. Surviveid 
0.5 mg" 10 mgo Survived 
Oo5 lllgo 10 mgo Dea.th in 66 hrs o 
Oo5 mg. 10 mg• Survived 
o.4 mgo lO mgo Survived 
Oo45 mg 10 mgo Survived 
o.s mg. 10 mgo Survived 
Oo5 mg. 10 mgo Death in 26 hr::.• 
Oo5 mgo 10 mg. Survived 

Oo5 Illgo None Deuth in 6 hrso 25 mino 
Oo5 mgo None, Death in 7 hrs. 35 mino 
Oo5 mg. None Death in 9 hrs. 

-Oo5 mg. None Death in 7 hrso 30 mino 
6.5 mg. none Death in 8 hrso 20 mino 
Oo5 mg. :Mone Death in 7 hrs o 15 mlno 

P•25 ls a preparation of Shce.r bacterial 
polysaccbarideo 
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Rechecking our results, we found that a 
dose of 12 mg. gave a complete protection to 
all animals receiving the deadly dose of 0.5 
mg. of bacterial polysaccharide. Thus this dose 
served us during all our further investigations 
as the basis of our bio-assays. 

During the following years, we had the 
opportunity to test various citrus flavonoids 
isolated by us or produced by Californians or 
some other companies. \Ve found that water
insoluble hesperidin gave no protection against 
capillary hemorrhage tested by this method, 
even when given in a dose ten times larger 
than our protective dose of 12 mg. Taking the 
index 1.0 ( corresponding to 12 mg.) as a de
parting point for the tests of other flavonoids, 
we found that methyl-chalcone hesperidin 
showed a very mild capillary activity with an 
index of 0.1. The synthetic phosphorylated 
hesperidin exert,ed an activity about 0.15. Ru
tin gave an index of 0.2. On the other hand, 
the lemon infusion prepared by the California 
Fruit Growers Exchange has a relatively high 
index of 0.3, or approximately three times less 
capillary activity than our Florida citrus vita-• 
min P compound. (Table II) 

'!'~LE II 

CCMFAJU.TIVE .lCTIVTl'Y OF VARIOUS FU.VONOID CCMP0UIIDS 
J.GilNST Hl!MORRIWlE-fRODUCING BACTERIAL POLYSACCHARIDB 

T!le m1nlma.1 clou, ot flavo• Index ot 
Compounds 

nolds protecting an1m3.la 'b1olog1oal 
·trom death by 0.5 ag. ot aot1T'1t7 
Bactr. Polyaaocharlde (*) 

Cltru ■ vlt&I:1ln 
f compound (c,v.P.) l2 "'6• 1.0 
Wate r--insoluble 
hesperidln 120 ll'(!t 0 

Callt'ornia meth7l-
chalcone hesperldln 

12u ""'" 0.1 

Phoaphorylated he:i ... 
peridln, N.n.c. 80 '11,t,1 0.15 

Lemon Intudon,, 
co:icnt. Cc.litorn!a 35 "'6• 0.3 

Rutln 60 mg. 0.2 

(•) Rats, British bri,ed, avera.ge weight 150 gm., 
bearers of Crocker carcinolnll, two lnche ■ ln 
diameter ■ 

Having asserted and proved to our own 
satisfaction that the Florida citrus vitamin P 
compound is biologically superior to the ones 
produced by Californians, we embarked on 
the clinical investigations with this compound. 

THE PHYSIOLOGY OF THE CAPILLARY SYSTEM 

The medical profession fully realizes the 
important role which capillary dysfunction 
plays in many diseases. Stefanini and Dame
shek ( 3) in their recent book on hemorrhagic 
disorders point out capillary fragility as the 
cause of abnormal bleedings. One must clear
ly visualize that the essential exchange of body 
fluids takes place in the capillaries and that 
the role of the large blood vessels is actually 
limited to transporting blood to the capillaries. 
The peculiar paradox of the human organism 
is that the capillaries are easily injured by 
numerous bacterial and chemical agents or by 
metabolic disturbances. 

We know by now that increased capillary 
fragility is a common phenomenon, much 
more so than we thought ten or fifteen years 
ago. The work of Griffith ( 4), Beard wood ( 5), 
Greenblatt (6) and many others indicate that 
the capillaries are abnormally fragile, and 
therefore might bleed easily in numerous di
seases such as arteriosclerosis, hypertension, 
and particularly so in diabetes (7). When a 
stroke (apoplexy) occurs, this means that 
some capillaries of the brain tissue became 
over-fragile and broke down causing bleed
ing, often fatal. In many bacterial infections 
and in almost all virus infections, capillary 
fragility, localized or generalized, is present. 
( 8, 9, 10). The inflammation of the mucous 
membrane itself, when one has a sore throat, 
or swollen gums, or pneumonia, or any other 
infectious disease is closely associated with 
the injury to the capillary system. Even in 
heart failure, with sudden death or coronary 
thrombosis, one might blame capillary injury 
for the tragic accident. For in such cases, the 
so-callecl intimal capillary, which is located in 
the wall of the larger coronary vessels is al:i
normally fragile and might suddenly break 
down and bleed .. If the bleeding is profuse, 
man dies at once. When the bleeding is very 
small, a bloocl clot is formed and coronary oc
clusion, known as coronary thrombosis, Jakes 
place. (11, 12, 13, 14). Older people more 
frequently have increased capillary fragility 
than younger ones, and the danger to their 
lives from capillary bleeding is higher. ( 15, 
16, 17). 
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CLINICAL INVESTIGATIONS 

The clinical investigations, in which ninety
two physicians associated with various hospi
tals took part, and the results of which were 
reported in sixty-three papers published in 
medical and scientific journals, have demon
strated the therapeutic value of the Florida 
citrus vitamin P compound, isolated by us 
from citrus waste, in the following conditions 
where increased capillary fragility or capillary 
bleeding was evidenced. 

Radiation erythema (18; 19, 20) 
Tuberculous hemoptysis (21, 22) 
Habitual. Abortion ( 23, 24, 25, 26, 27, 28) 
Erythrohlastosis Fetalis (29, 30) 
Bleeding Gastric and Duodenal Ulcers ( 31, 

32, 33) 
Cerebral Hemorrhage: Stroke (34, 35) 
Retinitis (36, 37, 38) 
Dental Diseases and Surgery ( 39, 40) 
Hemorrhagic Cystitis ( 41) 
Hemorrhagic Diathesis (3, 42, 43) 
Increased Capillary Fragility ( 44, 45) 
Altogether about 9,000 case histories were 

collected during the last seven years. 

To conclude: The experimental and clinical 
studies on Florida citrus vitamin P compound 
extracted from citrus waste, have supplied the 
evidence of its therapeutic value in increased 
capillary fragility and capillary bleeding. In
directly, the data so collected confirms the 
original findings of Szent-Gyorgyi and his as
sociates concerning vitamin P. 
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VACUUM COOLING OF FLORIDA VEGETABLES 

R. K. SHOWALTER AND B. D. THOMPSON
1 

Florida Agricultural Experiment Station 

Gainesville 

The first Florida shipments of vacuum 
cooled lettuce were made from Oneco during 
the 1955-56 season. Although the vacuum 
cooling of lettuce has developed rapidly in 
California and Arizona since the first com
mercial shipments in 1948, the method has 
not been widely adapted in other areas. Flori
da growers and shippers have shown consid
erable interest in vacuum cooling. The re
ported advantages are the maintenance of 
better quality by more rapid precooling and 
the reduction in packing and shipping costs 
through cheaper containers and the elimination 
of package and top ice. Lettuce has not been 
grown in sufficient volume in concentrated 
areas in Florida to justify the cost of establish
ing a permanently located vacuum cooler. The 
unit at Oneco was semi-portable and when 
the lettuce season ended in Manatee. County 
it was moved to lettuce production areas in 
other states. The results presented here were 
obtained from preliminary vacuum cooling 
studies with several vegetables to determine 
primarily the effects of the vacuum treatment 
on quality. 

Vacuum cooling has been studied by sev
eral investigators. Friedman ( 3) found that 
almost any fruit or vegetable can be vacuum 
cooled to some extent, but there was a rapid 
temperature decrease only in vegetables with 
a large ratio of surface area to volume. Vac
uum cooling was found effective for pre
packaged spinach, coleslaw, and salad mix 
after the bags were packed in master con
tainers ( 2) . 

VACUUM COOLING PROCESS 

The process by which the rapid chilling 
occurs is based on evaporative cooling. At 
normal atmospheric pressure of approximate
ly 30 inches, water boils at 212° F. If the pres-

1 /The authors wish to exp res s appreciation to the 
City Products Corp. , the V. B. Hook Co. and the 
P rine and Griffin farm s for m aking the equipment 
available for these studies. They also wish to thank 
the growers and shippers wh o furnished vegetables 
and the companies who s upplied containers for the 
tes ts. 

sure over water is reduced to 0.18 inches 
( vacuum of 29.82 inches) the water boils at 
32' F. The water which "boils" or evaporates 
from the vegetables cools them to a temper
ature corresponding to the temperature of 
the water. To secure the reduced pressure, 
vegetables are placed in a chamber and the 
required ,vacuum is obtained by a pump or 
a steam jet. The cooling of the vegetable is 
measured with a recording thermometer and 
the vacuum is released when the desired 
temperature is reached. Since vacuum cooling 
depends upon evaporation of water, one 
might think that considerable weight loss 
occurs. However, wilting is not severe and 
Friedman and Radspinner ( 4) reported 
weight losses of only 1 to 4.7 percent. 

The lettuce vacuum cooled in fiberboard 
cartons at Oneco was either packed dry in 
the field or washed and packed in the pack
inghouse. The vacuum tube ( 22 ft. long x 
7Jf ft. in diameter) was loaded with 240 car
tons each containing rn or 2 dozen heads of 
lettuce. The vacuum pump, powered by a 
diesel engine, pulled the air from the tube 
containing the lettuce through .a second tube 
of equal size containing blocks of ice. The 
tube of ice condensed the evaporated mois
ture before it reached the vacuum pump. 

Studies were made in a laboratory model 
vacuum cooler at Belle Glade in May and 
June 1956. The vacuum chamber, with a 
capacity of about 4 cartons, was evacuated by 
an electric powered pump. The evaporated 
moisture was condensed by mechanical re
frigeration. 

VACUUM COOLING OF LE'ITUCE 

Data were obtained on the weight loss, 
cooling rate, and quality of wet · and dry let
tuce. Wetting the lettuce before vacuum 
cooling did not affect the cooling rate. Little 
difference in weight loss was found among 50 
cartons of wet and dry lettuce from five dif
ferent lots as shown in Table 1. When the 
individual heads were weighed in one test, 
those with added water lost only 1.9 percent 
compared with 2.3 percent weight loss of the 
dry heads. 

Vacuum cooling had no apparent detri
mental effects upon the quality of the lettuce. 
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Table l. - Average Temperatures and Weight Losses of Wet and Dry Lettuce Vacuum Cooled 
in Commercial Unit at Oneco, Florida 

Dry Units Tested 
or 
Wet Number: Type 

Lettuce 

Wet 10 Fiberboard Cartons 
Wet 10 II II 

Wet 10 II II 

Dry 10 II II 

Dry 10 II " 
Wet 32 Single Heads 
Dry 30 Single Heads 

When held in storage at 37°-40° for 8 days 
the quality was still good. The dry lettuce 
showed moderate wilting after 8 days and a 
weight loss of 4.1 percent compared with 
slight wilting and a loss of 1.4 percent for 
the wet lettuce. After 16 days storage the 
outer leaves of both wet and drv lettuce were 
considerably wilted. Another lo't hydrocooled 
and top-iced for 16 days was very crisp. 
However, the top-iced heads developed more 
reddish discoloration than the vacuum cooled 
heads. 

VEGETABLES IN VARIOUS CONTAINERS 

During March 1956, small quantities of 
vegetables were cooled in the commercial 
vacuum unit along with the loads of lettuce. 
Prepackaged broccoli, spinach, radishes, salad 
mix, and coleslaw cooled at different rates. 
The temperature of the broccoli decreased 
only 15" in the same period that the spinach 
and salad mix cooled 30-33° ( Table 2). In 
the commercial vacuum unit celery cooled 
from 61 ° to 45° at the slowest rate for the 
vegetables in bulk containers . 

In the laboratory vacuum unit two tests 
of similar cartons of celerv cooled from 80' 
to 38° in 30 minutes and from 80° to 44° in 
20 minutes. Friedman and Rad spinner ( 4) 
found that the initial temperature of celery 
had a marked effect on the final temperature, 
while the initial temperature of lettuce had 
little effect on its final temperature. They 
attributed the difference to the smaller sur
face area-volume ratio of celery. In the celery 

Time in Vegetable Temp. Weight 
Vacuum Before After Loss 
Min. OF OF C1f 

/0 

45 65 36 2.6 
36 71 38 3.5 
40 76 38 3.1 
36 75 38 3.1 
57 74 42 3.2 

45 65 36 1.9 
45 65 36 2.3 

cooled to 38° at the base of the stalks, con
siderable freezing injury of the leaves oc
curred. 

Although the vegetables were vacuum 
cooled in film bags, fiberboard cartons, small 
baskets and wirebound crates, the containers 
were not all compared in the same tests ., 
Fiberboard cartons and wirebound crates of 
sweet corn were vacuum cooled at the same 
time in one test (Test No. 3, Table 3), and 
there was little difference in rate of cooling 
and no difference in appearance of the corn. 
In another test bunched radishes in wooden 
baskets were vacuum cooled with topped pre
packaged radishes (Table 2). Some of the 
tops on the bunched radishes were severely 
wilted, but there was no change in appear
ance of the prepackaged lot. The weight loss 
of the bunched radishes averaged 7 percent 
compared with 4 percent for the prepackaged 
ones. 

PREWETTING OF S,VEET CORN 

Since succulence or moisture content is 
one of the important quality factors of. sweet 
corn, attempts were made to reduce the 
moisture loss <luring cooling by previously 
wetting the ears in water. The results in Test 
5, Table 3, showed that in one test in the 
laboratory cooler the weight loss was re
duced one-half by wetting. In Test 6 the dry 
ears lost 6.1 percent compared with no loss 
for the wet ears. Ears from the same lot 
gained 13.7 percent in weight during hydro-
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cooling. Dewey ( 1) also reduced the weight 
loss of sweet corn by adding water immedi
ately prior to the vacuum treatment. He re
duced the weight loss from 3.2 percent for 
dry broccoli to almost none for wet broccoli. 

EFFECT OF VACUUM COOLING ON QUALITY 

Quality evaluations of the dry and wet 
vacuum cooled and hydrocooled sweet corn 
were made at harvest and after 2, 6, and 7 
days' storage at 35° and 90-95 percent rela
tive humidity. The vacuum cooled ears were 
packed. in fiberboard cartons and the hydro
cooled ears in wirebound crates. The succu
lence as measured by the shear press, was 
lower after vacuum cooling dry than at har
vest, and remained lower than the other treat
ments at all storage periods ( Table 4). The 
kernels vacuum cooled wet were still more 
succulent after 7 days' cold storage than at 
harvest, although the husks had wilted very 

slightly. The hydrocooled ears , maintained 
the most succulence and the freshest husks. 
The husks in all treatments remained green. 
Slight denting of kernels was found only in 
the dry vacuum lot after 6 and 7 days' stor
age. 

Small quantities of vacuum cooled and 
hydrocoole<l vegetables were stored at 37' -
400 and at 65°-70° for comparisons of quality. 
After 6 days at 65'-70' the celery leaves and 
stems of both vacuum and hydrocooled lots 
were considerably yellowed. After 11 days 
at 37'-40° the quality of the celery from both 
lots was good, only a few leaves were slight
ly yellowed, the stalks were crisp and _the 
weight loss averaged . 2 ounces . per stalk .in 
both lots. 

The vacuum cooled packages of salad mix 
developed decay in cold storage faster than 
the hydrocooled packages. The quality of 
the vacuum cooled and hydrocooled escarole 

Table 2. - Averaee Temperatures and Weight Losses of Vegetables in Various Containers Vacuwn 
Cooled in •Commercial Unit at Oneco , Florida 

Vegetable Container Number of Ve~etable Temeerature Initial Weight 
Units Tested llefore : After : Decrease Weight ~ 

Op Op Op oz/unit 
,,, 

♦ 
p 

Broccoli Cellophane Bag 12 Bags 64 49 15 11.5 1.8 

Coleslaw Cellophane Bag 12 Bags 7!, 49 25 10.5 4.8 

Salad ¥.ix Cellophane Bag 12 Bags 79 46 33 8.9 3,8 

Spinach Cellophane Bag 12 Bags 78 48 30 11,9 2.9 
II II II II II 78 48 JO 11.3 2.6 

Radishes Polyethylene Bag 15 Bags 70 41 29 9,1 5,5 
II II II 15 II 9 .1 2.6 

Radishes Wooden 3asket 15 Bunches 62 44 18 7.3 7.3 
II II II 15 II 7.7 6.9 

Cauliflower Fiberboard Carton B·Heads 77 50 27 50,0 4.0 

Endive Wooden Basket 7 Heads 75 53 22 14.6 3.0 

Escarole Wooden Basket 4 Heads 71 53 18 33.2 J.4 

Sweet Corn Fiberboard Carton 59 Ears 64 44 20 9.7 1.8 
II II II II .4 II 64 41 23 10.2 1,2 

Celery Fiberboard Carton 12 Stalks 61 1+5 16 35,5 2,3 
·n . II II 12 II 61 45 16 34,l 2,3 

* II II II 12 II 80 38 42 
* II II II 12 II 80 44 36 

*cooled in laboratory unit at Belle Glade, Florida 
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Ta'.,le J. - Aver3.3~ Temperatures a.1d Ueisht Losses of -,-Jet and Dry Sweet Corn Vacuum Cooled in 
LaboratorJ Jnit at Belle Glade, Florida. 

Test Dr:, Unit s Containers 

:fo. er Tested or 
'.-Je t ;·Jo . Ears 

1 Dry 2 Fiberboard Cart·:>ns 

2 Dry 2 II II 

3 Dry 1 Wire bound Crate 

3 Dry 1 Fiberboard Carton 

4 ·.iet 1 Wire bound Crate 

4 Dry 1 II " 
5 ,/et 60 Ears 

5 Dry 60 .=;a.rs 

6 '.·/et 36 Ears 

6 Dry 36 Ears 

and endfve was about the same after 11 days 
cold storage. 

SUMMARY 

The first Florida shipments of vacuum 
cooled lettuce originated from the semi
portable installation at Oneco. A number of 
vegetables were vacuum cooled in the Spring 
of 1956 with the commercial lettuce cooling 
equipment and a laboratory model at Belle 
Glade. The vegetables with a large ratio of 
surface area to volume cooled most rapidly, 
but sweet com and celery also cooled satis
factorily. 

The bulk and prepackaged vegetable con
tainers tested did not affect the cooling pro-

Ti,:,e in Corn Temeerature (Cob) l·/eieht 
Vacu'..un 3efore :After: Decrease ~ 

Hin. Dr DF OF . 
;;, 

18 78 38 40 

30 84 38 46 

25 83 40 43 

25 84 36 48 

40 82 33 49 

40 84 32 52 

40 81 35 46 2,7 

40 90 34 56 5.5 

40 84 38 46 0 

40 86 38 48 6.1 

cess. The vacuum method did not result in 
objectionable wilting except for radish tops. 
Weight loss of sweet com was reduced by 
wetting before vacuum cooling. Vacuum 
cooled vegetables retained their freshness 
well during storage. 
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'l'abl e 4. - Ch~nges in Quality of Florida Sweet Corn After Dry and 'det Vac1.r..1m Coolinc and !lydrocoolini . 

l.:ethod of : At Harvest · • 2 Days Cold Stora!"e:t 6 Days Cold Storage:t 7 Days Cold Starace? 
Precooling : Succulence =succulence : ifusks : Kernels: Succulence: Husks : Kernels= Succulence : Husks =Kernels 

1 ; ml. Juice ~ml. Juice ~Condition; Denting~ ml. Juice Condition; Denting: ml. Juice :conditfon ;oenting 

Dry Vacuum 
Cooled 

Wet Vacuum 
Cooled 

Hydrocooled 

11.4 

.11.4 

11. 4 

11.2 

15.7 

is.6 

SliRht 
Wilting 

Fresh 

Fresh t.
~let 

None 11.2 

None 1.i..o 

None 

• Cold stora,p:e t.?mr,erature 35° F. and relative humidity 90-95 percent. 

Slight 
ililting 

Not 
Crisp 

Fresh 

Slight on 10,2 
2S% ears 

None lJ.O 

Mone 

Slight Slight on 
Wilting 50~ ears 

Very tfone 
Slight 
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Fairvilla 
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Boston, Mass. 

For a number of years, due to the com
patability of citrus juice and milk, the citrus 
and dairy farmers looked for a suitable means 
of processing and packaging citrus juice for 
distribution by dairy route trucks. With the 
advent of chilled orange juice, this was ac
complished. 

Cartoned, or chilled orange juice as it is 
commonly called, is a single strength orange 
juice, marketed in a waxed fiberboard carton. 
The juice is extracted and treated in such a 
manner as to retain most of the desirable 
flavor and aroma which is associated with 
freshly squeezed orange juice. It is highly 
perishable in nature, and must be stored or 
transported under adequate refrigeration in 
order to reach the consumer in a palatable 
state. During the past season (1955-56) more 
than 3,000;ooo boxes of Florida oranges were 
used iri production of this product. It is anti
cipated that during the curr~nt 1956-57 sea
son, an excess of 5,000,000 boxes will be util
ized. It is the goal of the product control in 
the Chilled Orange Juice industry to present 
to the customer-the housewife, the institu
tional dietician, or the restaurateur-orange 
juice of such quality, to have more uniformity 
in flavor and aroma, · than juice extracted from 
fresh oranges themselves. 

The selection of the fruit to be extracted 
is the first and a very important step in qual
ity control of chilled juice. This is accom
plished in the groves, where the fruit is tested 
and tasted at regular intervals for maturity 
by . trained technicians and buyers. \Vhen the 
fruit in the groves reaches its peak of ma- , 
turity, it is then selected for its quality. The 
maturity of the fruit is based for all practical 
purposes on the relationship of the per cent 

of soluble solids to the acid content, since it 
has been found that when certain ratios of 
sugars to acids are found in the fruit, the 
juice will also have best flavor, color, cloud, 
vitamin C, and all the other desirable quali
ties. 

Once the particular crops are selected for 
picking, the steps from the groves to the pro
cessing plant, the storage and extraction 
stages are very similar to that which is per
formed in other types. of citrus juice plants. 
Extreme care is exercised in properly grading 
the fruit to be certain that no undesirable 
fruit enters the line for extraction into the 
juice. 

The juice flows into a stainless steel trough, 
which is connected to each extractor, and 
thence into a paddle type prefinisher. The 
overflow from the prefinisher passes into the 
screw type finisher. The type and amount of 
pulp or juice sacks in the finished product is 
governed by the size of the openings in the 
screens of the prefinisher. Prefinished juice 
flows into a surge tank where it is pumped to 
the blend tanks as pulpy juice is desired. 

The juice from the finisher surge tank is 
also pumped to the blend tanks. From this 
line a sample is taken every fifteen minutes 
and checked for brix-acid ratio and rapid peel 
oil determination ( Burdick Method). Through 
this method of checks, a constant ratio can 
be maintained by either increasing or reduc
ing the flow of fruit in the bins. From the 
blend tanks, the juice is pumped through a 
plate type heat exchange for stabilization of 
enzymic and microbiological . action. Proces
sing time and temperature are carefully con
trolled so that no significant change in flavor 
will occur. After stabilization, the juice is 
rapidly cooled to 32° F. and pumped to a 
cold wall or refrigerated holding tank. The 
juice flows by gravity to a milk type filling 
machine where milk type cartons are filled, 
sealed, and hand packed in cases. The cases, 
closed bv an automatic sealer, are then con
veyed tc; the cold room for storage and ulti
mate _loading onto a refrigerated truck. 
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Samples are taken at regtilar intervals from 
the production line by a U.S. Department of 
Agriculture Inspector. These samples are 
tested for brix-acid ratio, carton fill tempera
ture, and peel oil content. At present, there 
are no U.S.D.A. grade standards for chilled 
orange juice, only those regulations set by 
the Florida Citrus Commission and inforced 
by the U.S.D.A. Inspector. 

Plant Sanitation is the most important part 
of quality .control. Through laboratory tests · 
such as mold counts, microscopic examina
tions, insect counts, and platting, the cleanli
ness of the equipment can be determined. 
After each day's operation, floors, walls, tanks, 
extractors, and all pipelines are thoroughly 
cleaned with a strong detergent and sanitized 
with hot water and chlorine solution. 

In less than twenty minutes from the time 
the orange rolls from the bins, it has been 
juiced, placed in a carton, cased, and in the 
cold room ready for shipment. 

The advent of mechanically refrigerated in
sulated trucks has played an important part 
in expanding the geographical limits of the 
market for chilled orange juice. Fast trucks 
equipped with sleeping accommodations for 
the relief driver or the use of exchange driv
ers at designated points enroute enable de
livery from Florida to New England markets 
in approximately 36 hours. Control of tem
perature is · so important that spot checks are 
made, unknown to the drivers, by inserting a 
specially designed thermograph in one of the 
cases after removing two of the quart pack
ages. 

SAMPLING PnocEDUHE 

Upon arrival at the destination, spot checks 
of the temperature of the product in differ
ent parts of the load are made; the thermo
graph is sent to the laboratory together with 
six quart packages, two each are taken from 
a case in the rear, middle, and front of the 
load. One of each pair of samples is set aside 
for shelf life determination at 45° F. and is 
flavored each day for four days, then at less 
frequent intervals until the termination date 
stamped on the top of each package. . The 
three other paired samples are each subjected 
to th.e following tests, net weight of contents, 
microbiological counts for . bacteria, yeasts 
and molds, pH, brix-acid ratio, and flavor 
criticisms by two or more experienced per
sons. One of the three samples from each 

shipment is analyzed for Vitamin C content. 
If flavor criticisms indicate a strong peel oil 
flavor, determination is made for the per
centage of peel oil, otherwise this test is 
omitted. 

Standards of satisfactory. performance with 
plus or minus tolerances for each of these 
measurements have been mutually agreed to 
by the parties concerned, and close contact 
is maintained by phone between the Florida 
and New England laboratories if results indi
cate an unfavorable trend in compliance with 
the standards. Deviations from standards call 
for prompt correction and not necessarily re
jection unless it is believed the deviation will 
result in unfavorable customer reaction. 

DISTRIBUTION CHANNELS • 

When a shipment arrives at the New Eng
land plant, it is transferred directly to special
ly refrigerated chests maintained at 30° F., 
providing the · temperature and flavor at the 
time of unloading are found to be satisfac
tory. The temperatures normally maintained 
for refrigeration of dairy products are not re
garded as adequate for the handling of 
chilled orange juice. Each shipment is kept 
sufficiently isolated in the storage chest, and 
records kept of the disposition of each ship
ment into the various channels of distribu~ 
tion so that it could be promptly located and 
withdrawn from the market if subsequent 
tests and especially the progressive flavor de
velopment in the shelf life samples indicate 
that even a slight chance will be taken with 
customer satisfaction. Great care must be ex
ercised to avoid excessive inventories, and to 
insure systematic turnover of the loads in the 
order of their receipt. Close contact between 
the laboratory and distribution is absolutely 
essential. Special icing of each case of orange 
juice on milk routes is necessary to maintain 
temperatures well below those normally re
garded as satisfactory in handling dairy prod
ucts. Route men have learned to pay critical 
attention to the termination date on the pack
age and refuse to accept a product which is 
so near its termination date that the customer 
will not have time to use it. Routemen have 
learned the hard wav that the distribution of 
one bad lot of oran'ge juice can result in a 
greater drop in sales than they can build back 
in three or four months. 

The successful distribution of orange juice 
depends upon rigid control of four things: 
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( 1) careful selection and skillful blending of 
fruit, ( 2) precision in processing, ( 3) abso
lute control of temperatures below 35° F. 
from Florida to the customer's doorstep, and 
( 4) thorough laboratory checking at the pro
cessing and distribution end, coupled with 
unyielding determination to withdraw from 

the market any product which will jeopardize 
uninterrupted customer satisfaction. 

The distribution of orange juice on milk 
routes is a natural; it can be done if we face 
up to the problems of complete control from 
the tree to the customer's doorstep. 

HYDROCOOLING CANTALOUPES 

K. E. FORD 

Associate Agricultural Economist 

Georgia Experiment Station 

Experiment, Georgia 

The growth and prosperity of cantaloupe 
production in the Southeast depend on placing 
high quality melons on the market. Hydro
cooling tests were conducted during June and 
July of 1955 and 1956 by workers of the 
Georgia Experiment Station in cooperation 
with the Georgia Coastal Plain Experiment 
Station at Tifton, Georgia. The purpose of the 
tests was to determine the effect on the 
marketability of cantaloupes of higher quality. 

Information on the rate of heat removal is 
essential to determine the possibility of hydro
cooling cantaloupes. A pilot plant model of a 
hydrocooler was obtained from a local man
ufacturer. This equipment was li~ited to pro
cessing two Jumbo crates of cantaloupes at 
the time. The process involved was practically 
identical to that of the commercial models 
sold by this and other manufacturers to hydro
cool peaches at rates ranging up to 600 crates 
or bushels per hour. 

Hydrocooling is known to slow the ripening 
process in other products, and if immature 
cantaloupes are so treated, they might not 
have the desired quality. Consequently, canta
loupes for the 1955 tests were picked at three 
stages of maturity, namely: full slip, showing 
good color, and full ripe. Tests were made by 
size of melon and included sizes 36s 27s and 
Jumbos. ' ' 

In these preliminary tests three thermome
ters were inserted into the cantaloupes at dif
ferent positions and readings were recorded at 
two minute intervals for one hour to obtain 

Journal Series No. 303, Georgia Experiment Station. 

the rate of heat removal. Bulbs of the ther
mometers were placed in the flesh at the stem 
end, in the cavity, and in the flesh at the blos
som end. Results given are from the readings 
of the thermometers inserted in the flesh, 
which were practically identical for both posi
tions. 

Full slip and full ripe cantaloupes were 
used for the 1956 tests. Information was ob
tained on the effect of hydrocooling on the 
quality of cantaloupes in addition to the rates 
of heat removal. Crates of cantaloupes at each 
stage of maturity were hydrocooled and held 
in storage at 38° F. for eight days. Check 
crates were placed in the same storage with
out hydrocooling. At the end of the storage 

RATE OF HEAT REMOVAL 
BY STAGE OF MATURITY 
PMR # 45 CANTALOUPES 
IN HYDROCOOLING TESTS 

TEMPERATURE (°F) 

4 

0 15 30 45 60 
TIME (MINUTES AFTER ST ART) 
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period, refractometer readings were made of 
the cantaloupe juice. Such readings are closely 
correlated with quality as rated by taste. The 
Zeiss hand refractometer reads percentage of 
sucrose directly but the readings are more 
correctly percentages of total soluble solids. 

Cantaloupes of the PMR No. 45 variety 
were used for most of the tests. This is the 
variety currently grown in practically every 
area from which cantaloupes are shipped in 
crates. 

Since the temperature in refrigerated rail 
cars and trucks is about 50° F. at the time of 
loading, this was considered to be the maxi
mum temperature at which the cantaloupes 
should be removed from the hydrocooler. Low
er temperatures would probably be desirable 
because of the possibility of a rise between 
the . hyclrocooler and the refrigerated carrier. 

Considering the initial temperatures of the 
cantaloupes, there was little difference in the 
rate of heat removal when maturity was the 
source of variation. Between 35 and 40 min
utes were required to bring the temperature 

down to 50° F. (see chart). Cantaloupes used 
for tests to prepare this chart were size 27s. A 
slightly shorter length of time was necessary 
to reduce the temperature to 50° F. in size 36s 
and the time for Jumbos was about the same 
as for 27s. 

While additional testing is essential, per
haps the most significant single finding in the 
1956 tests was the relationship between hydro
cooling and soluble solids in the cantaloupe 
juice after eight clays in storage. The soluble 
solids content was higher at the end of the 
storage period for cantaloupes which had been 
hvdrocooled than for those which were not 
hydrocoolecl prior to storage ( see tables) . The 
analysis of variance indicates that stage of ma
turity was non-significant as a source of varia
tion in the soluble solids in the cantaloupe 
juice; however, treatment and maturity by 
treatment interaction were highly significant. 
The temperature of the hydrocooled canta
loupes was reduced to 40° F. within an hour. 
A much longer time was required for those 
cantaloupes placed in cold storage without 

PERCENT SOLUBLE SOLIDS IN PMR # 45 CANTALOUPES AFTER 
EIGHT DAYS IN STORAGE, BY STAGE OF MATURITY AT HARVEST 
AND BY TREATMENT BEFORE STORAGE 

MATURITY AND AVERAGE STANDARD COEFFICIENT 
TREATMENT DEVIATION OF VARIATION 

FULL SLIP 
HYDROCOOLED 8.42 0.533 6.33 
NOT HYDROCOOLED 7 .82 1.474 18.84 

FULL RIPE 
HYDROCOOLED 8.81 0.727 8.26 
NOT HYDROCOOLED 6.96 1.415 20.33 

ANALYSIS OF VARIANCE OF SOLUBLE SOLIDS IN PMR # 45 
CANTALOUPES AFTER STORAGE 

SOURCE OF VARIATION DEGREES OF SUM OF MEAN 
FREEDOM SQUARES SQUARE 

REPLICATES 19 36.657 
MATURITY I I .128 1.128 
TREATMENT I 29.890 29.890** 
MATURITY BY 

TREATMENT INTERACTION I 7.750 7 .750*l 
RESIDUAL 57 63.084 1.107 

TOTAL 79 138.509 

**SIGNIFICANT AT THE 0.01 LEVEL. 
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hydrocooling. In the latter tr atment. the 
respiration process, during which the sugars 
continue to break down, occurr cl for a longer 
period than in the cantaloupes which were 

hydrocooled before torage. Undou btedly, the 
respiration process had been greatly reduced 
by the time the cantaloupes were removed 
from the h_vdrocooler and placed in storage. 

THE SLOUGHING DISEASE OF GRAPEFRUIT 

\IV. GHIERSO, AND ROGER PATI~ICK 

Florida Citrus Experiment Station 

Lake Alfred 

In 1955, Grierson and lewhall ( 1) reported 
that a distinctive and peculiar peel breakdown 
had been noted on reel and pink grapefruit for 
three consecutive seasons and had caused oc
casional severe losses in b·ansit. This diseas 
was given the name of sloughing because ol 
the distinctive manner in which the dead 
diseased tissue separated from the healthy tis
sue below, thus corresponding exacll_ to the 
dictionary cleHnition of sloughing in its medi
cal sense. 

CmmENT STAT 

The occurrence of sloughing in October 
1956 marks the fifth consecutive season in 
which this disease has been observed. It has 
been found in five counties ( Lake, Polk, 
High lands, Orange and Pin !las) and uncon
firmed reports indicate that it may also be 
present in other districts. The total q uantit_v ol 
fruit lost each vear is not high. However since 
sloughing occu'rs only early in the season' when 
prices are high , the loss of a single carload in 
transit can cause a disproportionately severe 
financial loss to the individual shipper. 

DESCHIPTIO N 

The I sions start as very faint discolorations 
that ultimately deepen to ~ chocoJat brO\ n in 
color. This injmy is peculiar in that the dis
colored peel does not dry up with age, but 
becomes soft and moist as the disease pro
gresses. The diseas cl tissue does not extend 
deeper than the albedo and in the advanced 
stages slight finger pressure will cause the i11 -
jured portions to slough off the sound fl esh 
below. A curious characteristic is tJ1at fruits 
afflicted with sloughing seldom succumb to 
Penicillium ( blue and green molds) or to 
stern-encl rot, 

Ji' lo 1·icla Al?ricu l lural Experiment Stations J ournal 
Series Na . 5 61. 

Figs. 1, 2 and 3 show the progress ot the 
disease. Fig. 1 was taken five clays from pick
ing ( at which time about five percent ol the 
fruit in this picking were affected). On most 
of these fruits sloughing shows only as a dis
colored arna except for one fruit on which 
the lesions are far enough advanced that the 
necrotic tissues can be "sloughed off" by 
finger pressure. Several of these fruits show 
that sloughing, like melanose, often tends to 
follow a "tear sta in" pattern . 

Fig. I. Sloughing of Ruby Red Grapefruit, photo
graphed five day s from picking a nd s ubseq uent to 
degreening. 

Fig. 2 shows the same fruit a t seven days 
from picking, the lesions are now quite moist 
and are b ginning to sl ip off easily under 
finger pressure. 

Fig. 3, taken ten days from picking, shows 
the extreme stag of sloughing in which con
siderable areas of the peel are readily separable 
from tJ1e sound fl esh below. The cut sections 
show how the les ions do not peneb·ate beyond 
the albedo. 

Fig. 4 shows a very advanced case of 
sloughing photographed twenty-one days trom 
picking. Th necrotic ti sues were separa ted 
from the healthy fl esh by finger pressure al.on e. 
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Fig. 2. Th e same fruit as in Fi g. 1 , photographed 
tw o days lat e r. 

Tlw ,1 llwdo a11d tlan ·do ,u·n· rt'dtt<.·vd to a sn it 
mush. Dl'spitl' thi s tltc fle sh wmai11('(! plump. 
lw.dtll\· a1 ,d \I ith I mgid juice ,·l'sid('s. 

E Xl'EI\I .\IE:',;T.\L 

Sincl' s lo11gh i11 g dews 11ot appt'ar u11t il !om 
to tl'n ci,l\s aft1·r pid:i11g it is 111·,·t·r ap parl'11t 
in th e e;ro,·1·. is s1•t·11 0111\ occa .s ionalk i11 tltl' 
packingho11w a11d is 11s11,;11_,· t·1 1co1111k;.,.c1 as a 
tra11sit or markd dis,•as, ·. Sin e<.· ii is 11< it possi
hl l' to pred ict ,, lw11 sloughing \\ ·ill occm. it 
has 11ot lwe 1, possihl(' to sd up s,·stt• n1ati c t·x
perime nls to slu th- this dist· ase. :\II intorma-

F ig. 3. The same fruit as in Figs. 1 a nd 2, photo
graph e d te n days from picking . ( H e ld a t room tem
p e r ature). 

tio11 !t :1s !,ad lo <.·o m,· !mm itl\Ts li _gati011 ol 
losses rl'portcd I l\ - commercial packi11gho11s1 •s. 

Cult11n·s ha\'!' l)('et1 mad1· of thl' various 
organism ., fo111HI i11 thl' necrotic il'sio11s. :\lost 
of thl'st• ar, • 11mmal grove organisms . h11t a1 1~· 
that st·t•n, at a ll 111111s11al havl' lwc11 used to 
ill<lClllall' lt1·alll1, g rapdr11it i11 all ('Hor t to 
rqmidm·t· lilt' dist·aS<·. This is comp licat,·d IJ,· 
the fad th at t i[(' fr11it St'l'mS to lw S\!Sl'<'ptihlc 
for onh a ,·,·n· short period a t t hl' lwg i11 11 ing 
o f tlw s,·as011 . 01,t· organism at pn ·st·11t being 
s tudie d s !tm,·s so11w promise i11 llti s n ·ga rd. 

Fig. 4 . A very a dvanced case of sloughing. This 
red g rapefruit was held a t room temp e rature until 
twenty -one days from picking . 

( )us1-: 11 ,- _-\Tlo,s 

Hatlwr cldai l,·d cast· historil's art· ill'i11g 
takl'n ,, ht·iH·\ ·,,r Ill' \\- i11.sta11ces of sloughi11g an • 
,·11co1111kr('(I . Si11<.·,· this dise,ist· seems to lw 
d1·fini teh- asso('ia t,·d ,, ith soml' [;rn,·t•s a11d not 
others the t[lt t·sho 11s i11volvecl i11cli11t· h<-'av il ~· 
tm\·ards cu ltural practicl's, age of trees, \\'e ath
t'I' conclitio11s de. T ia· following points han· 
been notl:'d : 

l. Confi rnwd c ast·s an· co11H1H'd to red a11d 
pink g r,qwfruit . l li 1con lfrmed reports !tavl' 
IH'l' II recl' i, ·, ·cl or s loue;hi11 g Oil ot her , ·arietit·s. 
li11t it ha s 11ot h1 ·, ·11 possible to o b tai n a ll\ · s11cl1 
frui t for <.·\, 1llli1 1aticn 1. 

:?.. It is con!i11l'd to \Tn· t·ark pickings . 11ot 
having IH'l'II t·1 1c1H111ll'rl'd later than October. 
If th~se samt· grovt' s an· picked agai11 later. 
tht· dist•as,· is l lll longl'r apparent. 
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3. It appears to be associated with fruit 
from young trees (but that is almost inevitable 
with a comparatively new variety such as Ruby 
Red grapefruit). 

4. Sloughing is checked or controlled by 
cold storage. On two separate occasions, part 
of an affected picking has been held in cold 
storage. Only very minor evidence of slough
ing was found in the cold stored fruit even 
when it was subsequently held at room tem
perature. When a single crop has been shipped 
as a split load, half in cartons and half in wire
bound boxes, sloughing appeared only in the 
fruit in the cartons. It is felt that this is prob
r.bly a reflection of the difficulty of cooling 
fruit in cartons quickly. 

5. Since it is usually discovered after pack
ing it is generally attributed to some packing
house problem such as over-heated degreening 
rooms, rough handling or ( on Western ship
ments) cyanide fumigation . The evidence so 
far available indicates very strongly that 
sloughing originates in the grove. This is par
ticularly apparent when fruit from several 
groves is handled in the packinghouse at the 
same time. 

6. Sloughing tends to re-occur in fruit from 
certain groves. 

7. Except in the fall of 1955, sloughing oc
curred only during a period of high rainfall. 
In 1955 there was little rainfall during the 
sloughing season. However, it has been pointed 
out ( 2) that in the case of brown rot, heavy 
dew can be as damaging as actual rainfall, so 
moisture conditions cannot be eliminated as 
a pertinent factor. 

8. The most promising line of approach at 
present seems to lie in the investigation of any 
possible correlations with othei; grove diseases. 
For this reason the observations of production 
managers are of great interest. 

Corrective Measures. 
So little is known of the causes of this 

disease that it is not possible to recommend 
a remedial program. Two suggestions, how
ever, may_ help to minimize losses from 
sloughing. If a grove is known to have pro
duced fruit with sloughing in a previous sea
son it could be checked by picking samples in 
the period before the grove is expected to pass 
the maturity tests. Such samples should be 
degreened, and held at room temperature, and 
checked for any signs of incipient sloughing. 

Since sloughing is checked by refrigeration 
it is to be expected that prompt and effective 
pre-cooling, followed by the best available in
transit refrigeration would minimize such 
losses. 

The best corrective measure, in the long 
run, is probably to help investigate the cause 
of the disease by reporting known instances 
of sloughing as promptly and fully as possible. 
One of the principal reasons for giving these 
reports is to encourage shippers to contact 
these authors when sloughing is encountered. 
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EFFECT OF VARIETY AND FRESH STORAGE 
UPON THE QUALITY OF FROZEN 

SWEET POT A TOES 
MAURICE w. HoOVER

1 
AND VICTOR F. NETTLES' 

Florida Agricultural Experiment Station 

Gainesville 

Sweet potatoes are usually processed by 
_canning; however, an excellent product can 

1 /Department of Food Technology and Nutrition 
and 2/Dcpartment of Vegetable Crops, Florida Agri
cultura l Experiment Station. 

Florida Agricultural Experiment Station Journal 
Series No. 54 3. 

be produced by freezing ( 1) ( 4). Normally 
better results are obtained when sweet pota
toes are canned immediately after they are 
harvested without going through a curing 
process and extended storage ( 2). Best re
sults are obtained with frozen sweet potatoes 
which are cured after ·· harvesting ( 1). The 
purpose of this investigation was to determine 
the effect of fresh storage and variety upon 
the quality of the frozen product. The effect 
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of cooking method upon the carotene con
tent, in preparing the potato 'for freezing, was 
also studied. 

MATERIALS AND METHODS 

The varieties of sweet potatoes used in this 
study were the Heartogold, Georgia Red, 
Goldrush, Unit No. 1 Porto Rico, and Early
port. As soon as the potatoes were harvested, 
they were graded and cured at 85° F. for 10 
days. 

After the sweet potatoes were cured, sam
ples were placed in storage at 60° F. Potatoes 
for freezing were taken from storage at in
tervals of three weeks over a period of 105 
days (0, 21, 42, 63, 84, and 105 days). After 
removing the potatoes from storage, they were 
,baked for about an hour at 350° F., cooled and 
frozen at zero. degrees F. Approximately three 
weeks after the potatoes were frozen, they 
were removed from the freezer, heated for 
about 20 minutes and evaluated subjectively 
for color, texture, and flavor. Scores ranged 
from one for those that were unacceptable to 
six for excellent. Each taste panel member gave 
a preference rating and, in this instance the 
lowest number represented first preference. 

For carotene analysis the potatoes were cut 
longitudinally and a quarter of each potato was 
dried at 65° F. after which they were ground 
through a 20 mesh screen. One gram of the 
oven dried sweet potato was boiled in 25 ml. 
of distilled water for five minutes. One hun
dred· ml. of 95 percent ethyl· alcohol were 
added to the boiled material, and the contents 
ground in a Hamilton Beach Blender for five 
minutes. The blended material was filtered 
and the filtrate was transferred to a separatory 
funnel containing about 100 ml. of N-hexane. 
Distilled water was added to facilitate the 
transfer of the carotene from the alcohol frac
tion into the N-hexane. The alcohol-water 
fraction was drawn off and the funnel stem 
dried by inserting a strip of gauze into the 
lower part of the funnel. Preliminary work in
dicated that there was little, if any, advantage 
to running the material through a separation 
column. The carotene solution was transferred 
into a 250 ml. volumetric flask and made to 
yolume. About 25 ml. of the · extract was fil
tered into a 100 ml. erlenmeyer flask contain
ing anhydrous sodium sulfate and the percent 
of light transmission through the carotene so
lution was obtained with a Bausch and Lomb 

Spectronic 20 Colorimeter set at a wavelength 
of 450 mu. The carotene content of the pota
toes was determined by comparing with a 
standard curve made with pure carotene con
taining 90 percent beta and 10 percent alpha. 

The effect of cooking methods on the caro
tene content was studied. In this phase of the 
study the potatoes were cooked ( 1) by baking 
in an oven for about one hour at 350° F.; (2) 
with steam under 10 pounds steam pressure 
for 30 minutes; and ( 3) with free steam for 
40 minutes. 

RESULTS AND D1scuSSION 

There was a wide variation in the quality 
of frozen sweet potatoes among the different 
varieties. The Georgia Reel variety received 
the highest rating for color, texture, and flavor 
( Table 1). It was also preferred by the panel 
over the other four varieties tested. Even 
though this variety was lowest in carotene con
tent, its color was rated highest by the taste 
panel. It was bright yellow in comparison with 
the darker or duller orange color of the Hearto
gold and Goldrush varieties. Although caro
tene is the primary factor contributing to the 
color of frozen sweet potatoes, it does not 
seem to be the only thing affecting their color. 

There did not appear to be any difference 
in the quality of potatoes that could be at
tributed to time in storage. Evidently, there
fore, sweet potatoes may be cured and stored 
for at least 105 days at 60° F .without any 
appreciable decline in quality. This statement 
refers only to the potatoes that are sound and 
free from disease at the end of the storage 
period. 

Table 1. - Subjective eva.luation or frozen sweet potatoes of five ditferent 
varieties. 

Color Texture Flavor Preference 
Variety (1 to 6) (1 to 6) (1 to 6) rank ( ~) 

Hea:rtogold 4.4 4.4 4.4 

Georgia Red 4.9 4.9 5.2 

Goldrush 4.5 4.3 J.9 

Porto Rico J.6 4.& 4.9 

Earlyport 2.5 J.2 J.J 
( *) Lowest number indicates the variety most preferred. 

Significant differences were found in the 
carotene content of different varieties ( Table 
2). The Goldrush and Heartogold varieties 
contained the largest amounts. The former con
tained 43.3 mg. per 100 grams of dry potatoes 
and the latter contained 28.8 mg. The Porto 
Rico, Earlyport, and Georgia Red varieties 
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Table 2. - Carotene content (mg. per 100 grams of dry potatoes) of frozen 
sweet potatoes stored fresh at 60°F for different periods of time 
prior to freezing. 

Variety 
Days in Storage . .. 0 21 42 

Heartogold 25.9 30.0 .32.2 

Georgia Red 13.8 19.3 14.5 

Goldrush .38.6 49.4 42.7 

Porto Rico 16.J 18.2 16.1 

Earlyport 15.3 15.9 17.1 ---- -----
Mean 21.9 26.5 24.5 

L.S.D. for variety at .05 level 4.80 
L.S.D~ for varietv at .01 level= 6.02 

possessed 18.0, 17.2, and 16.0 mg., respective
ly, carotene per 100 grams of dry potatoes. 
There appeared to be a significant increase in 
the carotene content of the potatoes during 
the first three weeks of storage; however, 
there was considerable variation from one in
terval to the next which lessens the probability 
or hypothesis that a true increase in carotene 
did occur in storage. 

A greater loss of carotene resulted when 
potatoes were cooked by baking than occurred 
when they were cooked with steam under 
pressure or with free steam (Table 3) . ·Pota
toes baked in dry heat alone lost 11.9 percent 
of the carotene, on dry weight basis. Those 
cooked with free steam lost 4.4 percent, and 
the ones cooked under steam pressure lost only 
0.75 percent. Thus, it is evident that the use 
of dry heat in the preparation of sweet pota
toes for freezing should be held to a minimum 

Table J . .. Effect of cooking methods upon the carotene content of sweet 
potatoes of the Goldrush variety, on a dry wi~ht basis. 

f-'.ethod o! cooking 

Cont rol (raw) 

Steam (10 l bs . pressure) 

Free Steam 

Baked (J50°f) 

Carotene 
(J!ll. per 100 gra.>:tS ) 

47.86 

47.50 

45.75 

42.17 

L.S.D. for carotene at .05 level • l.5J 
L.s.D. for carotene at .Ol level • 2.11 

Percent l oss 

0.75 

,.J9 

ll. 89 

63 84 105 Mean 

.32.9 24 • .3 28.0 28.8 

16.6 15.8 15.9 16.0 

46.1 41.7 41.6 .43.3 

21.0 16.6 19.s 18.0 

19.2 17.9 17.8 17.2 

27.1 23.3 24.6 

that is consistent with maintaining good tex
ture, appearance, and flavor. This point should 
also be considered when preparing sweet pota
to samples for carotene analysis. 

It has been reported that it is not necessary 
to cook sweet potatoes in preparation for mak
ing carotene analyses ( 3). This is true where 
fresh tissue is used rather than oven dried ma
terial. Evidence obtained in this study indi
cates, however, that the tissue should be 
cooked if the potatoes are to_ be dried prior to 
making the carotene determinatio11s. When the 
sweet potatoes were cooked, there was no sig
nificant difference in carotene content between 
those with freshly cooked tissue and the ones 
that were dried in an oven at 65° C. 

SUMMARY AND CONCLUSIONS 

A study was made to determine the effect 
of variety and fresh storage· upon the quality 
of frozen sweet potatoes. The influence of 
cooking methods upon the carotene content 
was also studied. Sweet potatoes of five varie
ties were cured at 85° F. for 10 days followed 
by fresh storage at 60° F. for periods of time 
ranging from zero to 105 days before freezing. 
The frozen potatoes were reheated and graded 
by the taste panel for color, texture, and 
flavor. The carotene content was also deter
mined. 
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Sweet potatoes of the Georgia Red variety 
were preferred over the other varieties as a 
frozen product. However, a good frozen prod
uct was produced with potatoes of the Gold
rush, Porto Rico, and Heartogold varieties. 
Fresh storage up to 105 clays did not seem 
to affect the quality of frozen potatoes when 
good sound potatoes were used. The method 
of cooking the potatoes in preparation for 
freezing had a significant effect upon their 
c,irotene content. There was a greater loss of 

carotene from the potatoes when they were 
cooked with dry heat than occurred when 
steam was used. 
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STORAGE STUDIES ON 42° BRIX CONCEN
TRATED ORANGE JUICES PROCESSED 
FROM JUICES HEATED AT VARYING 

FOLDS. II. CHEMICAL CHANGES 
WITH PARTICULAR REFERENCE 

TO PECTIN' 

A. H. ROUSE, C. D. ATKINS AND E. L. rvloORE 

Florida Citrus Experiment Station 

Lake Alfred 

The purpose of this investigation was to 
determine some of the chemical changes, and 
especially the loss of pectin, that would occur 
in· frozen orange concentrates during storage 
at 40° F. It was also desirable that similar in
formation be obtained on heat-treated con
centrates when the thermal treatment is ap
plied either prior to concentration or at dif
ferent stages of the concentration process. A 
total of 24 experimental packs of frozen con
centrated · orange juices, prepared from Pine
apple and Valencia oranges, were used in this 
study. 

EXPERIMENTAL PROCEDURES 

P~eparation and Storage of Samples. ·~ In 
preparing the 24 packs: of concentrates, single
strength juice was used as the I-fold product 
and concentrates were removed from the pilot 
plant Model A thermocompressor type eva
porator ( 1) at concentrations of 2-, 3-, and 4-
fold. Each of these four products was divided 

'/Cooperative research by the Florida Citrus Ex
periment Station and Florida Citrus Commission. 
J<'lorida Agricultural Experiment Station Journal 
Series, No. 552. 

into three equal volumes and one of these was 
used as an unheated control; the other two 
volumes were heated in a tubular pasteurizer 
to 150° and 175° F., respectively, in 6 seconds 
and cooled in 14 seconds. All products were 
further concentrated in the pilot plant Model 
B evaporator (2) to 55° Brix, cut-back to 42° 
Brix with unheated juice, sealed in 6-oz. cans, 
and stored at -8° F. until the beginning of the 
40° F. storage period. Further detailed infor
mation on the preparation of these 42° Brix 
frozen orange concentrates is described in the 
first pa per in this series ( 6) . 

At the beginning of the 40° F. storage 
period, the 24 experimental packs were thawed 
for 1 hour in a Thermo-Rotor type. thawer 
with rolls submerged in water at 40° F. ,The 
speed of rotation of the rolls was 60 r.p.m. The 
thawed samples were pla98d directly in stor
age at 40° F. and analyzed at periodic inter
vals until an extreme degree of clarification de
veloped in each sample. 

Methods of Analyses. - Samples of 42° Brix 
concentrates were examined for gelation. ( 7), 
both prior to and after 40° F. storage, and 
then reconstituted with three volumes of dis
tilled water. After three minutes of stirring, 
the juices were centrifuged for 15 minutes at 
1700 r.p.m. in .. an InternationaL,Centrifuge, 
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Size 1, Type SB and the percentage pulp by 
volume noted. Subsequently, centrifuged juice 
will be referred to as serum. Other analyses 
were determined on either the reconstituted 
juices or serums. 

Pectinesterase activity ( 8) · is expressed by 
the symbol (PE.u) g. which represents the 
milliequivalents of ester hydrolyzed per minute 
per gram of soluble solids (" Brix). This is 
multiplied by 1000 for easy interpretation. 
Hesperidin ( 3), the principal glycoside of 
orange, was determined initially and after the 
concentrates showed extreme clarification. 
These analyses were made on the reconstituted 
juices. Light transmittance ( 5), index of cloud, 
was determined on the serum by using a Lume
tron colorimeter, Model No. 402-E; clarifica
tion was considered to be extreme when values 
were 85 percent or greater. Pectin, as anhydro
galacturonic acid, was measured by the rapid 
colorimetric method of Dische ( 4) as applied 
to citrus juices by Rouse and Atkins ( 8) with 
the modifications that the samples of recon
stituted juices were not comminuted prior to 
centrifugation and that the sample used for 
analysis was 15 grams of serum. Previous tests 
had shown that the amount of pectin, ex
pressed as milligrams per 100 grams of serum, 
was approximately the same as the water
soluble pectic substances in the reconstituted 
juice and is a major factor that determines the 
amount of cloud or turbidity 1n the juice. 

EXPERIMENTAL RESULTS AND D1scusSION 

Pectinesterase activities in the 42° Brix Pine
apple and Valencia orange concentrates, prior 
to storage at 40° F., are presented in Tables 1 
and 2, respectively. Control or unheated sam
ples varied very little in activity (14.6 to 17.1 
units), while the activity of the heat-treated 
samples fluctuated ( 4.9 to 11.2 units) accord
ing to thermal treatment and quantity of pulp 
in unheated cut-back juices added. Approxi
mately 50 percent of the activity shown for 
the 42° Brix concentrates, which were stabil
ized at 150° F., and 80 percent or more of that 
in the products· stabilized at 175° F. was from 
the unheated cut-back juices. 

The total glycosides, expressed as hesperi
din, in the Pineapple and Valencia orange con
centrates, prior to storage, ranged from 28 to 
37 mg./ 100 ml. of reconstituted juice. After 
the development of extreme clarification in the 
samples at 40° F. storage, the amount ot 
glycosides remained the same. 

Pulp (Tables 1 and 2), indicative of in
soluble solids, varied from 5.0 to 7.0 percent 
and 4.5 to 5.5 percent for the Pineapple and 
Valencia orange concentrates, respectively. 
After extreme clarification, the corresponding 
pulp levels increased, varying from 7.5 to 8.5 
percent and from 8.0 to 9.5 percent. Although 
the size of pulp particles influences the per
centage of pulp, as determined by the centri
fugal method, it is of interest to know that 
the water-insoluble solids in the products also 

T.&BLE l 

5wmurT ot Qicioel. Properties in 42° Brix Pineapple Orang• Oonoentratea Stored at 40°1, l 

Semf!!•• e:1or to ator!f!• Saq)] '"• attar a:tr- claritioatioD 
Concentration Thermal (P!,u,)1, Pulp b)' Peotin Ti.ae Pulp b)' Pectin 

vhen treatment aolu'bl• aolida Tolume in serum required volume in ■C'III& 
atabilised o,. X 1000 ~ mg,/loo,. da;ra ~ mg,/lOOg, 

Control 15,8 6,o 9,4 1,5 8,0 4,3 
1-told 150° 10,9 5,0 10.3 10,0 8,0 5,0 

175° 7.9 5,0 10,3 9,5 8,0 6.3 

Control 14,6 6,0 8,6 1,0 8.0 3,9 
2-told 150° 9,6 5,0 ll,3 7,0 8,0 5,3 

;15° 7,0 5,0 11,3 9,0 7,5 5,2 

Control 15,9 6,0 8,4 0,5 8,0 3,3 
►told 150° 9,4 5,0 10,7 6,5 8,0 4,9 

175° 6,9 5.0 ll,2 7,0 8.0 6,0 

Control 15,2 7.0 7.0 0,5 8,5 3,2 
4-told 150° 11,2 6,o 10.4 4,0 8,5 4.0 

. 175° 6,1 S,5 11.1 6,5 8,0 5,0 

l .&nalr■-1 on reoon■tituted JuioH, 
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TABLE 2 

~ ot Cbaioal. PropertiH 1n 42° Briz Valencia llr&Dg• 0oncc:tratea Stored at 40°1'. 1 

Sll■PlH J.!'.ior to story• Sea2lu atter extr- olaritication 
Concentration Ther■al. (PE.u.)g, Pulp hT 

llhen treatment soluble solids volume 
etabilbed o:r. 11000 j 

Control 16.6 5.5 
1-told 1500 10.5 s.o 

175° 6,J s.o 
Control 17.l 5,0 

2-told 150° 7,5 4,5 
175° 5,3 4,5 

Control 15,0 5,5 
3-told 150° 8,3 5,0 

175° 5,9 4,5 

Control 14.7 s.o 
4-told 150° 8,8 5,0 

175° 4,9 4,5 

1 .&naJT••• on noonetituted juicee, 

increased as did the apparent pulp content 
during storage. For example, the average 
water-insoluble solids found in the Pineapple 
and Valencia orange concentrates prior to 
storage were 61 to 52 mg./100 g. of recon
stituted juices, respectively, whereas, after ex
treme clarification had occurred, these average 
values for the corresponding juices increased 
to 80 and 74 mg./100 g. 

Time required for the · 24 samples of con
centrates to show an extreme degree of clari
fication varied from 0.5 to 34 days, depending 
on the variety of fruit from. which it was pro
cessed, thermal treatment, and fold at which 
it was stabilized (Tables 1 and 2). , As ex
pected under similar conditions of processing, 
Valencia orange concentrates were more stable 
at 40" F. storage than the Pineapple orange 
products; also the packs heated at 1- and 2-
fold were more stable than those heated at 3-
and 4-fold. 

The amount of pectin in the heat-treated 
packs was greater than in the control packs 
because of the partial inactivation of pectinest
erase, thereby preventing the destruction of 
pectin during concentration; also the quan
tity of pectin was greater in the Valencia 
orange products (12.1 to 14.2 mg./100 g.) 
than in the Pineapple orange products (7.0 to 
11.2 mg./ 100 g.) . There were not sufficient 
quantities of pectin in any of the products to 
cause semi-or solid gels during storage; how
ever, all samples developed No. 2 gels, indi-

Pectin · TiM Pulp hT P.ctin 
in eenm, required volume in serum 
mg./lOOg. dqa j ag./100,. 

12.1 4.0 8.5 5.1 
.12.8 16.0 9·.o 4,9 
12.J 34,0 8,5 ·4,8 

12.3 2.0 8.0 5,2 
13.S 13,5 9.5 4,6 
1).6 27.0 8,5 4,5 

12.1 2.0 8,0 5,3 
14,2 12.0 8,5 5,5 
13,9 16,5 9.0 S.3 

12,6 1.5 8.3 4.9 
13.8 7,0 9,0 4,6 
14,2 9,5 9.5 5.0 

cative of slight gelation, when stored at 40" F. 
Data in Tables 1 and 2 show that during stor
age of the concentrates at 40• F., the pectin 
decreased 50 percent or more with subse
quent increase in clarification. The gradual 
loss of pectin during storage and its relation
ship to clarification, index of cloud, for the 
controls and heat-treated 1-, 2-, 3-, and 4-fold 
products is presented graphically in Figs. 1, 
2, 3, and 4. As the pectin in the serum de
creased during storage of the products at 40" 
F., the apparent pulp content and the water
insoluble solids increased, as previously men
tioned. Formation of degraded pectic com
pounds, such as insoluble pectinates and pec
tates, through the action of pectinesterase on 
the water-soluble pectin, is the cause of these 
increases. The longer storage life at 40° F. of 
the Valencia packs was probably due to the 
greater amount of pectin found initially in the 
serum and to a higher degree of polymeriza
tion of the pectin molecule; the latter was in
dicated by a slower rate of change in viscosity 
as previously reported ( 9). 

No significant differences in flavor were ob
served by the authors between the controls 
and the heat-treated samples; neither were 
flavor differences found when juices were 
heated at these different folds. However, a 
slight lowering of flavor quality was observed 
in both the Pineapple and Valencia orange 
packs after storage at 40° F. for 10 and 24 
days, respectively. 
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Fig. 1. Relationship of pectin to clarification dur
ing 40° F. storage of 42° Brix orange concentrates 
when juices to evaporator were heat treated at 1-
fold. 
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Fig. 3. Relationship of pectin to clarification dur
ing 40° F. storage of 42° Brix orange concentrates 
when juices to evaporator were heat treated at 3-fold. 
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Fig. 2. Relationship of pectin to clarification dur
ing 40° F. storage of 42° Brix orange concentrates 
when juices to evaporator were heat treated at 2-fold. 
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ing 40° F. storage of 42c Brix orange concentrates 
when juices to evaporator were heat treated at 4-fold. 



HENDRICKSON AND KESTERSON: NARINGIN 149 

SUMMARY 

Storage of 42° Brix Pineapple and Valencia 
orange concentrates at 40° F. resulted in in
creased gelation, clarification, and apparent 
pulp content, whereas pectin decreased. Total 
glycosides, as hesperidin, remained constant in 
these products during storage. The experi
mental packs heated at 1- and 2-fold were 
more stable than those heated at 3- and 4-
fold; also all of the Valencia concentrates, 
control and heat-treated, were more stable 
than the Pineapple packs. 
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PURIFICATION OF NARINGIN 

R. HENDRICKSON AND J. \V. KESTEHSON 

Florida Citrus Experiment Station 

Lake Alfred 

The pharmaceutical usefulness and physio
logical importance of naringin has long been 
overlooked, even though its characteristic bit
terness is a nostalgic reminder of early medi
cines. Prime interest has been centered on 
the tasteless glucoside of sweet oranges, hes
peridin, which has been closely associated with 
all vitamin P investigations. _ Circumstantial 
evidence has pointed to the fact that naringin 
may have an even greater pharmacological 
activity as previously shown by Armentano 
( 1) and recent work on antiviral activity ( 4). 
Sufficient evidence has been accumulated to 
encourage the pharmaceutical industry to ob
jectively re-evaluate naringin. An investigation 
was therefore undertaken to find an improved 
naringin purification procedure for preparing 
a high purity product. 

As with many products, naringin has a much 
higher solubility in hot water than in cold 
and is the basis for an extraction and purifica
tion technique reported by Poore ( 7). Ac
cording to this method, crude naringin is ex
tracted from chopped grapefruit peel by add
ing four parts of water and heating to 90" C. 
The water extract is filtered off after five min-

F'lorida Agricultural Experimen t Station Journal 
Series No. 524 . 

utes and the clear extract concentrated to ap
proximately one-ninth the original volume. 
The concentrated extract is allowed to crystal
lize for two days in a cool place and then 
filtered. The isolated naringin crystals are then 
purified by the following technique. First dis
solved in a small amount of hot water contain
ing 20 percent alcohol, impurities are precipi
tated by adding. an excess of neutral lead ace
tate with the excess lead eliminated by passing 
hydrogen sulfide through the solution. After 
filtering, naringin is crystallized by concen~ 
trating the solution and allowing it to stand in 
a cool place. The naringin is further purified 
by dissolving it in small amounts of hot water, 
from which it will recrystallize upon cooling. 
The pronounced solubility of naringin in water 
above 50 ° C. has been shown by Pulley ( 8) 
who plotted its solubility at numerous tem
peratures. The simplicity of recrystallizing na
ringin from water can readily be seen from 
his plotted solubility curve which shows narin
gin to be more than 10 percent soluble at 
75° C. and less than 0.02 percent soluble at 
6°C. This decreased solubility of naringin at 
low temperatures may at times cause the pre
cipitation of this substance in canned grape
fruit sections and juice. 

N aringin may also be recrystallized from 
water by adding an alkali, which greatly in
creases its solubility followed by acidification, 
and is the basis of another extraction technique 
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( 3). The addition of acid forces the recrystal
lization of naringin, but the compound thus 
obtained is yellow. It was found difficult to 
remove this color even when activated carbon 
is used. 

The need for an even better method of puri
fying naringin became evident in the over0all 
investigation on the recovery of citrus gluco
sides. Some of the results have been reported 
previously by the authors ( 6), but the opti
mum methods of purifying crude naringin re
quired further study. 

EXTRACTION TECHNIQUE AND DISCUSSION 

In the following investigation three differ
ent samples of crude naringin were employed. 
Two samples used were purchased and ana
lyzed 81 and 86 percent pure by the Davis 
test (5) while the third sample was only 29 
percent pure. This last sample was typical of 
the crude naringin obtained in the alkaline ex
traction of grapefruit peel by the Baier process 
( 3). About 50 percent of the impurities in this 
product is a filter-aid which is added to fa
cilitate the final extraction. 

All naringin samples and extracts were 
analyzed by the Davis test ( 5). 

The first hopeful sign of a new method to 
purify naringin occurred when an attempt was 
made to dissolve and filter a hot, highly con
centrated solution of naringin in 99 percent 
isopropyl alcohol. Before the filtration was 
more than one-third complete the entire mass 
had become granular, stiff, and finally solidi
fied. The product was crystalline, with the 
minute crystals being needle-shaped. , 

Upon stirring 30 g. of a purchased naringin 
sample ( 86 percent pure) in 150 ml. of boil
ing isopropyl alcohol, a solution was obtained 
that filtered readily leaving a residue of 2.5 g. 
of which 0.5 g. was found to be naringin. 
The clear filtrate, when boiled, quickly seeded 
itself and within five minutes had crystallized 
into a solid mass. After diluting with 150 ml. 
more of isopropyl alcohol and stirring to a thin 
slurry, the naringin was filtered and dried at 
85° C. There was an 87 percent recovery of a 
very white product which analyzed as being 
95 percent naringin. The filtrate was found to 
have 1.0 percent naringin still in solution. 
When this trial was repeated with a few modi
fications, such as stirring the initial solution 
longer, permitting the naringin to crystallize 

over a longer period of time, and washing the 
final product with more isopropyl alcohol, even 

· better results were obtained. Recovery was im
proved to 89 percent; the final product was 
exceedingly white and analyzed as being a 100 
percent pure product by the Davis test. 

Effect of Recycling Alcohol. - In repeated 
trials where attempts were made to conserve 
alcohol and improve the over-all recovery by 
re-using the filtrate of one run as the solvent 
for the second, the following results were ob
tained. Initial recovery was 88 percent with 
the product being 99.5 percent pure; the fol
lowing trial using the previous filtrate im
proved the recovery to 95 percent with purity 
of the product dropping to 98 percent. Re
using the filtrate a second time decreased the 
recovery to 91 percent and the product purity 
to 95 percent. The concentration of naringin in 
the filtrates continually increased to 2.4 per
cent and failed to crystallize further during an 
extended holding time. 

Effect of Concentration. - The possibility 
of a critical concentration ratio of solvent to 
naringin in this purification procedure was 
then investigated. Crude naringin of 86 per
cent purity was dissolved in boiling isopropyl 
alcohol at four concentration levels; 30 g. 
per 600 ml., 30 g. per 300 ml., 30 g. per 150 
ml., and 30 g. per 100 ml. These levels of con
centration are respectively equivalent to 4.3 
8.6, 17.2 and 25.8 g. of pure naringin per 100 
ml. of isopropyl alcohol. Each sample was 
stirred for two minutes, filtered, and the fil
trate heated to its boiling point to initiate 
crystallization. As soon as each sample began 
lo crystallize, it was allowed to cool and was 
filtered subsequently and washed. The sam
ple with the lowest naringin concentration was 
an exception in that it failed to crystallize 
promptly and was allowed to cool to room 
temperature and stand overnight. By the next 
day the sample appeared to have crystallized 
as well as the others. Isolated similarly, it was 
found to be the equal of the other three trials, 
each of which yielded an 89-90 percent re
covery of naringin having 98-99.5 percent 
purity. The trial having a concentration of 
8.6 g. of naringin per 100 ml. of isopropyl 
alcohol appeared to be the more suitable for 
a large scale operation. At higher concentra
tions, it is conceivable that recrystallization 
could begin before the initial filtration was 
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complete. There is the further disadvantage at 
higher concentrations that the voluminous 
character of the recrystallized naringin will so 
stiffen the mixture as to make handling too 
difficult. At lower concentrations, the higher 
cost of solvent and longer time required for 
recrystallization would preclude. its industrial 
use. 

In a trial where crude naringin of 29 per
cent purity was purified by this procedure us
ing a ten to one solvent to naringin ratio, a 
product of 98 percent purity was obtained. 
The recovery of available naringin was not 
as efficient as with samples of higher initial 
purity, being only 60 percent. The filtrate and 
washings contained 26 percent of unrecover
able naringin and constituted the greatest loss. 
The 14 percent naringin remaining in the ex
tracted crude residue could be recovered with 
more efficient washing of this residue. A bet
ter recovery of purified naringin is possible 
when the crude naringin samples have a high
er initial purity. It is quite possible in this case 
that the crude naringin recovered by the 
Baier process ( 3) could be isolated using 
smaller quantities of filter-aid which would 
improve the purity of the crude product. 
Upon using purchased naringin of 86 percent 
purity under similar conditions, there was a 
92 percent recovery of a 99.5 percent pure 
product. Only 5.5 percent naringin was lost 
in the filtrate and washings, with another 1.9 
percent lost in the extracted residue. In an
other trial with ·a purchased product of 81 
percent purity, 85 percent was recovered with 
11.4 percent naringin being lost in the filtrate 
and 3 percent in the residue. 

Critical Effect of Water. - Another impor
tant consideration in the purification of naringin 
is water. For example, naringin will crystallize 
from water as an octa-hydrate molecule having 
eight waters of crystallization, which product 
melts at 83° C. ( 2). When crystallized from 
certain other solvents, such as isopropyl alco
hol, naringin has two waters of crystallization 
and melts at 171 • C. ( 2) . The physical ap
pearance of the products under the micro
scope is very similar, crystallizing as needles 
which. are usually found agglomerated in a 
rosette pattern. The drying of purified naringin 
is considerably simplified when the dihydrate 
molecule is formed and is a distinct advan
tage of this process over the others previously 

mentioned, since the naringin can be dried 
more readily and at higher temperatures. The 
octa-hydrate pi;oduct must be carefully dried 
at approximately 60° C., after which the tem
perature can be raised slowly to over 100° C., 
whereupon an equivalent dihydrate product 
will be obtained. 

In preparing a highly purified product, it is 
also important to consider the hygroscopic 
property of naringin. An exceedingly dry sam
ple of naringin dihydrate, dried at 105-110° C. 
for two hours, was found to increase approxi
mately six percent in weight in less than two 
l1ours when exposed to average room temper
ature conditions. The uptake of water is ex
ceedingly rapid initially, and especially so 
~vith a small sample having a large surface 
exposed. 

The solubility of naringin in isopropyl · al
cohol is influenced greatly by water of crystal
lization and extraneous water. The octa-hy
drate form of naringin is more than 30 percent 
soluble in commercial ( 99 percent) isopro
panol, while the dihydrate is soluble only to 
the extent of approximately 0 .2 percent. The 
solubility of these same two naringin mole
cules in water is just the reverse, the dihy
drate being the more soluble. In view of this 
information, the solubility of naringin dihy
drate in isopropanol was investigated to de
termine the effect of extraneous water mixed 
with the alcohol. A series of isopropanol sam
ples were made in which the water content 
was as follows: less than 1 percent, 2 percent, 
3 percent, and 4 percent. After shaking each 
sample with an excess of naringin for 14 hours 
at 27° C., the solubility of the dihydrate in 
each was respectively as follows: 0.15, 0.28, 
0.40, and 0.50 percent. When each of the four 
isopropanol samples was refluxed for 15 min
utes at approximately 82° C. with an excess of 
naringin, the dihydrate crystals had the fol
lowing solubility: 0.65, 1.1, 1.6, and 2.5 per
cent respectively. Relating this information 
back to the isopropanol purification procedure, 
it can be shown that maximum yield of puri
fied naringin is obtained by cooling the crys
tallized naringin as close to room temperature 
as possible before . filtering and by making 
every effort to keep the isopropanol as anhy
drous as possible. In a number of repeated ex
traction trials, naringin recovery was improved 
one to three percent by thoroughly drying 
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crude naringin samples just prior to extraction 
and keeping the isopropanol well enclosed at 
all times possible; 

SUMMARY 

Commercial purification of crude naringin 
was shown to be possible by the following 
method: Sufficient well dried crude naringin 
is slurried for five to ten minutes with boiling 
hot anhydrous ( or 99 percent) isopropanol, 
to yield an 8.5 to 10 percent naringin solution. 
The dissolved naringin is filtered quickly from 
the insolubles and heated further or seeded to 
initiate crystallization of the naringin dihy
drate. The crystallized naringin and solution 
is allowed to cool to room temperature, where
upon it is filtered and the pure naringin furth
er washed with isopropyl alcohol. The crystals 
are dried at 85' C., yielding a final product of 
98 to 100 percent purity. 

In establishing a new purification procedure, 
the effects of naringin concentration were 

-measured and the necessity of keeping_ the 

process as anhydrous as possible was shown. 
It was found that solvent costs can be reduced 
by recycling the extraction alcohol in subse
quent purifications, but its effect was reflected 
in the final product purity. Solubility of narin
gin in isopropyl alcohol and mixtures of it and 
water were ~easured at two temperatures. 
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SECTIONIZING MARSH SEEDLESS 
GRAPEFRUIT 

GRAY SINGLETON 

Shirriff-Horsey Corporation, Ltd. 

Plant City 

In the early days of grapefruit sectionizing 
the peeling was done with knives. Girls sliced 
off the stem and stylar ends of the fruit, then 
the lateral peel was removed by strokes of the 
knife, from top to bottom. In peeling, a con
siderable slice was cut from each segment. 

About 1929 the first canners started using 
lye to remove the carpellary membranes after 
the albedo had been stripped by hand. This 
saved that part of the fruit which had previ
ously been lost in hand peeling. 

When lye peeling was started, there was a 
great protest from the "green peel" canners 
who said that the lye would poison _ those who 
ate lye peel sections. But, when they found 
that lye peeling increased_. the yield about 30 
per cent and decreased the cost of operation 
considerably, they decided that their fears 
about the toxicity of lye peeled fruit were 
unfounded, which, in fact, they were. 

Lye peeled sections . are usually not of as 
high quality as were those produced by hand 
peeling. At times the lye is too cool or too 
weak and fragments of membrane are not re
moved. Frequently, the lye is too hot or too 
strong and "cuts" into the sections making 
them _ soft and of poor appearance and texture. 

During the period when hand peeling was 
i11 vogue, the marsh seedless variety of grape
fruit was preferred. The sections were more 
uniform because no ragged pits were left 
where seed were removed. 

\Vhen lye peeling came in, marsh seedless -
fruit went out. Seeded fruit became the stand
ard for sections. This change was caused by 
the fact that seeded fruit has a solid core, 
while marsh seedless has· a hollow core. Lye 
gets into this hollow core and destroys the 
membranes which bind the carpels together. 
When the sectionizing girls pick up a marsh 
seedless fruit that has been lye peeled, the 
segments fall apart in hand and she _throws 
them on the garbage belt. The fruit must be 
firm if good sections are to be produced. 

The shift from marsh to seeded fruit in
volved about four million boxes each year and 
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was a serious blow to the marsh . Fruit for 
sectionizing brings a premium over fruit for 
juice. 

Some years ago we decided that we could 
sell more sections if we could again get the 
smooth, firm sections that were produced 
when we used the hand peeling of marsh in
stead of the lye peeling of the seeded varie
ties. The results of our investigation were pub
lished in the magazine Citrus Industry, May, 
1953. The present paper is given to report 
certain refinements in the process that have 
been made since the first work was done. 

In the laboratory work, marsh seedless fruit 
was dipped in water at 190 degrees, Fahren
heit, for from seven to nine minutes. The 
time required to soften the albedo varies with 
the size of the fruit and the thickness of the 
peel. When the peel was soft, the fruit was 
cooled in water and the albedo removed by 
hand. This is the standard procedure in pre
paring grapefruit for lye peeling. 

In the usual lye peel method the whole 
fruit is run through the lye bath and rinse 
water sprays in stainless steel baskets. This re
moves that part ,of the carpellary membrane 
which is exposed. Instead of doing this, we 
separated the carpels so that all of the mem
brane would be exposed to the action of the 
lye. This separation is easily and quickly done 
by unskilled labor. It is naturally slow for a 
few days, but good speed is attained within 
a week. 

In the laboratory we placed the separated 
carpels in wire baskets and dipped them in a 
solution of canner's alkali having a strength of 
2 per cent and a temperature of 190 degrees, 

· Fahrenheit. The membrane )Was dissolved in 
a few seconds and the baskets were dipped in 
cold water to cool the sections and rinse off 
the dissolved membrane. The sections were 
then clean and ready to pack. In this labora
tory work we had no broken sections. This 
method worked equally well with marsh 
grapefruit, seeded grapefruit and Valencia 
oranges. The product was of better appear
ance than that produced by the old hand 
peeling or the regular lye peel process. 

The next step was to place the separated 
carpels in wire baskets and send them through 
the regular lye sprays and cold water rinse. 
This worked well but was too slow for com
mercial production. 

We next tried separating the carpels and 
dropping them on a LaPorte mat which car
ried them through the lye and rinse and dis
charged onto a wide rubber belt, from which 
the sections were packed. This worked well 
except that too many of the peeled sections 
stuck in the meshes of the LaPorte mat and 
were mashed. 

The next step was to pass the separated car
pels through the lye on a wire mesh belt and 
discharge into a flume of cold water which 
served as a rinse. The flume carried the sec
tions to the packing room where they were 
discharged onto another wire mesh belt from 
which they were packed. The flume was used 
because we had gotten so much better results 
in the laboratory, where the sections were 
dipped into cold water, than we had been 
able to get by the usual cooling sprays. The 
flume method worked much better than we 
had expected. It is well known to all who have 
worked with sections that when the fruit comes 
to the sectionizers, fresh from the lye bath and 
rinse, it is soft and difficult to handle without 
excessive breakage. When the lye peeled sec
tions came from the flume they were firm and 
solid, with better texture than we had ever 
been able to get in any other way. Even late 
in the season the flumed sections were firm. 

We do not attempt to explain the improve
ment in texture, yield and appearance of these 
flumed sections except to offer the . following 
comments: 

1. The water used in the flume was from 
a deep well and contained considerable calci
um in solution. 

2. Using a 0.17 per cent solution of calcium 
chloride in distilled water we got results simi
lar to those given in the flume. 

3. Soluble calcium in the flume water prob
ably precipitated insoluble calcium pectate in 
the outer layer of cells in the sections. 

4. Lye peeled whole fruit , when passed 
through the flume, showed little or no firming, 
probably because relatively few cells · were ex
posed to the water. 

The development of chilled sections in glass 
makes it imperative that we produce sections 
having better appearance than those we are 
now packing in tin. Hanel peeling is one an
swer, but at a heavy loss in yield. The process 
outlined here may be a better answer-in both 
glass and tin. 
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AN EFFECTIVE HIGH PRESSURE 
CLEANING SYSTEM FOR CITRUS 

CONCENTRATING PLANTS 

D. I. MURDOCK 

Staff Bacteriologist 

c. H. BROKAW 

Chief, Quality Control Department 

Minute Maid Corporation 

Orlando 

In the citrus juice concentrating industry, as 
with other food processors, there has been a 
considerable lag in improving cleaning meth
ods compared to technological advances in 
processing. Recently, however, with the steady 
decrease in profit margins, there has been a 
growing impetus to improve cleaning practices. 
This change has emphasized reducing the 
amount of production time lost when the plant 
is shut down for clean-up. In the citrus con
centrating industry this clean-up period usual
ly occurs two or more times per week and it 
may require, depending upon the size of the 
plant, 4 or more hours. The biggest bottle
neck in cleaning Minute Maid Corporation 
plants has been in the juice extraction room 
where fiber brushes and steam guns were 
formerly used to clean the juice extractors 
and the finishers. The use of fiber brushes was 
time consuming, and the steam gun was cum
bersome besides having the tendency to "bake" 
citrus solids on the surfaces being cleaned. 
Steam guns also produce a considerable 
amount of vapor, especially during cold weath
er when it is not uncommon for the whole 
juice room to be completely fogged, making it 
impossible to see what has, or has not, been 
cleaned. 

To alleviate this condition, Minute Maid in
vestig~ted the possibilities of high-pressure 
equipment for cleaning the extractors. A small 
portable insecticide spray rig, shown in Fig. 1,. 
was obtained which consisted of a John Bean 
Model 33-K pumping unit, a 55-gallon drum, 
high-pressure hose, and a heavy-duty adjust
able GunJet spray gun, a type commonly used 
to spray citrus trees. The pump delivers 3 
gallons per minute at 300 pounds • pressure, 

which is enough volume to operate one Gun
Jet. The unit, which costs approximately $250., 
may be mounted on wheels for portable 
use. It is ideally suited for small cleaning 
operations, and for high-pressure cleaning of 
extractors was found to be more effective 
than any of the other methods investigated. 
For example, an In-line extractor (manufac
tured by Food Machinery & Chemical Cor
poration) could be cleaned approximately 5 
minutes faster with a GunJet than with a 
steam gun in one study where both methods 
of cleaning were compared: (Table I , Fig. 2 
and 3). High pressure cleaning using a Gun Jet, 
besides saving time, has numerous other ad
vantages; namely, 

1. Not hazardous-(Eliminates burns ob
tained from the steam guns.) 

2. Reduces humidity and resulting mold 
growth. 

3. Can see what you are doing. 
4. Results in better and more thorough 

clean-up than can be obtained by other stand
ard methods. 

5. Makes cleaning job easier. 
6. Separate adjustment of handle of gun 

controls the type of spray needed for cleaning 
job. 

7. Not bulky-easy to handle. Readily re
moves material from cracks and crevices dif
ficult to clean by other methods. 

8. Eliminates tedious hand dressing. 
The small portable high pressure system 

proved to be so successful that a more perma
nent installation was investigated. Heretofore, 
the detergent solution for steam guns was pre
pared by adding the material to make-up ves- · 
sels from 5-gallon buckets which were usually 
either ~~ full or completely filled. Such prepa
ration of the solution, which was heated in a 
tank by manually opening and closing a steam 
valve, required one man's attention and re
sulted in a variation of detergent concentra
tion, and of temperature for each batch. 

To eliminate this situation, the Engineering 
Department of Minute Maid Corporation de
veloped an automatic detergent mixing system. 
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The unit which is shown in Fig. 4 can be built 
for approximately $2,000. It consists, essen
tially, of a 500-gallon stock detergent solution 
tank, a similar size mixing tank, high pressure 
pump, high pressure hoses, and Gun Jets. ( Ca
pacities of solution tanks are dependent upon 
the number of gallons of detergent required 
for cleaning. For efficient operation, the con
centrate solution tank should provide stock 
solution for one or more clean-ups. The mixing 
tank, on the other hand, need only be large 

enough for heating, ie, 200-500 gallons. Deter
gent tanks used in one installation are shown 
in Fig. 5.) The stock solution which for con
venience, may be prepared one or more days 
in advance of plant clean-up, is made up at the 
rate of I pound of detergent per gallon of 
waler. The stock solution in the concentrate 
tank is diluted 16 to 1 with water by means 
of a flow control valve as it is pumped by a 
centrifugal pump into the mixing tank. The 
diluted solution in the mixing tank, which is 
used for cleaning purposes, is maintained at 
a constant level by an electrode limit switch. 
A steam jet heater, illustrated in Fig. 4, for 
heating the solution in the mixing tank can 
also be used for pre-heating the stock solu
tion in the concentrate tank. In this installa
tion the heater is designed to raise the tem
perature of the stock solution in the concen
trate tank to 212° F. within 30 minutes, and 
that in the mixing tank from 70° F. to 140° F. 
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at the rate of 150 gallons per minute. The 
temperature of the diluted solution is con
trolled by a direct acting temperature control 
valve, which may be adjusted to any desired 
temperature. A high-pressure pump is used to 
pump the detergent solution through pip elines 
to various loca tions in the juice room. High
pressme hoses, with GunJets attached, are 
connected to the various detergent outlets. 
Usually two guns are used for each line of ex
tractors, and up to 5 guns may be used with 
the system, which supplies detergen t solution 
at the rate of 20 gallons per minute. The guns 
are operated a t a pump pressure between 200 
to 300 pounds per square inch, with a deter
gent solution temperatme of approximately 
125° F . 

In addition to cleaning the extractors, the 
GunJets are used verv effectively in cleaning 

the finishers, as well as employed in other 
parts of the plant to clean various tanks, etc. 
It is also a very effective cleaning tool for 
cleaning "inaccessible" spots which cannot be 
reached by other methods of cleaning. A cen
b·ifugal pump designed to deliver 155 gaJJons 
per minute at 55 pounds pressure, is also used 
with the system for "back-Hushing" the ex
b·actors with a detergent solution . (Detergent 
back-flushing is the pumping of a clean ing 
solution back through the juice lines and up 
into the ex·t ractors. This procedme is genera lly 
employed in cleaning F. i\iI.C. exh·actors only, 
since the BrO\ n extractors, manufactured by 
Brown Citrus Mach inery Corporation , use a 
built-in cleaning system for this purpose.) 

Our discussion so far has dealt with clean
ing the equipment when the plant is shut 
clown for this purpose; that is, weekend or 

Fig. 2 . ln - lir:.e juice extractor in s tallation . Cove rs { A) a re r emove d durin g cleaning process. ( Photo
graph c ourtesy of Food M achinery & Chemi ca l Corporation). 
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midweek type clean-up. The juice room equip
ment in our p lants is also cleaned while the 
rest of the pbnt is still in operation. This 
«intermittent" type of cleaning consists of back
flushing the extractors, header lines or juice 
trough , finishers, and fresh juice tank , every 
four horns with chlorinated water of approxi
mately 25 p.p.m. from th plant service water 
supply, not necessarily through the high pre -
sme system. This operation requires usually 
15 to 20 minutes, depending on whether or 
not the finisher screens are changed. 

Chlorinated water back-flushing is a very 
effective means of controlling bacteria! con
tamination. In one study where samples of 
juice were plated prior to and just after this 
type cleaning, a reduction in total viab le 
counts from 35 to 62% was obtained. (Table 
II ). 

In observing cleaning practices used by our 
plants it wa quite evident that in order to 

TABIE Il 

EFFECT OP JlACK-fWSBING F.H .C. EX'1'RAC'1'0RS \.II'I'll 

CHLORINATED WATER CJl BACTERlA.L CONTAMINA!l'IOH 

SOORCE OF SAMPIE BEFCE.E rwsanro AFTm FWSRDiG 
~ DllC!lEASE 
APIT.R P'WSIOJW 

3,110,000 1,185,000 

Atter Finillher 1,020,000 66o,ooo 

Rote: Rasu1ta expreued as tbe averas@ nl&bu ot m.Lcroorgan1ar.e 
per ml. 1'roc tvo teat run•. 

Ch1or1m.ted. vatu 20· )0 p.p.D, 

62 

35 

minimize the time required, proper coordin
ation and training of all individua ls involved 
was n cessary. One major factor responsible 
for this ineffici ency in cleaning is the season
al nature of the citrus industi·y which results, 
in many cases, in almost a complete change of 
production personnel at the beginning of each 
pack, with only the key employees being re
tained from year to year. 

Fig. 3. Cleaning ex tractor with GunJet , Note absence of fog or mist around s ur£aces being cleaned. 
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A certain number of these people also leave 
and need to be replaced during the production 
season. It is necessary that all new employees 
be properly trained for their jobs, particularly 
for clean-up operations. Unfortunately, this is 
not always the case. A new employee is usual
ly given a hose or a steam gun and told to 
clean a particular piece of equipment, with 
little or no instructions. In many instances he 
has never seen the machine before, and has 
no idea how to go about cleaning it. As an 
example, the. time required for two different 
shifts to clean the juice room was investigated 
in one of our plants. One shift was thoroughly 
trained in cleaning this type of equipment and 
the other shift was composed almost entirely 
of new employees who had little or no ex
perience in this operation. The trained crew 
was able to clean the juice room in 3 hours 
and 15 minutes, while the untrained crew re
quired 4 hours and 30 minutes. (Table Ill). 

While most of our discussion presented in 
this paper has dealt with cleaning F.M.C. ex-
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tractors, it is believed the high pressure system 
is also applicable to the Brown extractors (Fig. 
6). 

SUMMARY 

A portable and permanent high pressure 
system especially adapted for cleaning extrac
tors is presented. A GunJet used in conjunc-

TABIJ! llI 

TIME REXlUIRED TO CLEAN JUICE JI()()! OOIWIQ 

GENERAL CLEAN-UP 

Type of Personnel 

Untrained Crev 

Trained Crev 

Tl.me Required 

4 hrs, 30 min, 

3 bra, 15 min, 

Rote: Juice 1'0Clll consists of 26 1'Jl,C, llxtncton 
and 3 double finishers, 

CNv con■iated ot 6. 
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Fig. 5 . In s tallation of high pressure cleaning sys
tem s howing mixing tank-lef t, and concentrate 
s tock soluti o n tar.. k right. High press ure pump is 
located on floor with s team and water control valves 
mounted above tanks. 

Fig. 6. High pressure system can a lso be u sed for 
cleaning Brown extractors. ( Photograph courtesy of 
Brown Citrus Machine ry Corporation) . 

tion with high pressure system was found to 
be a very effective cleaning tool. Several of its 
advan tages over other methods of cleaning 
are given. The importance of intermittent 
cleaning of the extractors with chlorinated 
water is discussed along with the need of em
ploying trained personnel to reduce cleaning 
time. 

SOME STUDIES ON THE USE OF SODIUM 
NITRITE AS A CORROSION INHIBITOR 

IN THE CANNING INDUSTRY 

J. R. MARSHALL 
0 

Tampa 

INTRODUCTION 

As the canned food industry and the can 
manufacturing industry have advanced techni
cally, there has been a trend toward reduced 
tin coating weights on all containers . Such 
reduction has resulted in millions of dollars 
in savings to the canning industry and to the 
consuming public. It also has set up a safe
guard against drastic cutbacks in tin plate 
availability in times of national emergency. 
The use of electrolytic plate bearing only a 
small percentage of the tin used on the old
time hot dipped plate has been made possible 

•Tampa Laboratory of Research & Technical De
partment of the American Can Company , Tampa, F'la. 

for many items by extensive laboratory tests 
and subsequent industry experience. vVhere it 
has been necessary to maintain the internal tin 
coating weight at a higher level, the exterior 
tin coating weight has been reduced , in many 
instances, to the minimum by the use of dif
ferential electroplating. It is generally accepted 
that tmcler good handling and storage condi
tions, the lightest external tin coating performs 
satisfactorily; whereas, under improper condi
tions, the heaviest tin coating weights are not 
sufficient to prevent outside rusting. ( 1). 

The presence of rust on the outside of a 
can of food detracts from its sales value. This 
fact is especially true in these clays of mass 
merchandising when the consumer has an op
portunity to choose not only the type and 
brand of product on the supermarket shelf, but 
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generally the most attractive container as well. 
Another reason for rust prevention is that speci
fications for canned foods purchased by the 
government, armed forces, and other agencies 
stipulate that the cans shall be free from rust. 

The successful use of lighter electrolytic tin 
coatings on cans for civilian trade has led the 
military services to make exhaustive tests on 
the exterior rust resistance of such containers. 
Their tests included CTS, No. 25, No. 50 and 
1.25 lb. plates. Two types of organic coatings 
were employed: that applied to the flat sheet 
of plate prior to can fabrication and that ap
plied to the filled container after processing. 
The cans were stored under Temperate, 
Desert, Arctic and Tropic climatic conditions. 
The test results indicated again that the ex
ternal protection afforded the steel base is not 
influenced in direct proportion to the tin coat
ing used. The postcoating and the precoating 
of the plate with organic materials respective
ly gave the best protection against rusting. 
There was little difference in the degree of 
rusting among the various tin coating weights 
in either the coated variables or the plain 
variables. ( 2) 

Normally, the lighter tin coating weights 
used to replace the heavier coatings can be 
expected to perform satisfactorily if good can 
handling and processing procedures are fol
lowed. These processing techniques include 
the use of non-corrosive processing and cool
ing waters, the use of recommended processing 
and cooling practices, the casing of dry clean 
cans which are warm enough to evaporate any 
traces of moisture, and clean, dry storage con
ditions with uniform temperatures. Because of 
the economic advantages of lighter tin coat
ings, it is to the advantage of the packer to 
use all precautions to assure satisfactory per
formance of the container. At best, however, 
some packing procedures are too corrosive to 
allow the satisfactory use of reduced tin coat
ings without special precautions. 

In working with the various canners, it was 
found that grapefruit sections and pimientos, 
both boiling water process items, required 
special handling precautions if the industry 
was to enjoy the advantage of the lighter tin 
coatings. Since the problem was mainly one 
of exterior can corrosion, the experimental 
work was directed toward an additive for the 
process or cooling wate_r which would help 

correct the condition. Since there is always the 
possibility of contamination of the product, 
any additive used should be nontoxic. This 
stipulation narrowed the field and made ex
perimentation with sodium nitrite attractive. 

In order to better understand the function 
of sodium nitrite as a corrosion inhibitor, we 
would like to cover briefly some of the factors 
contributing to the external corrosion of metal 
containers. 

CAUSE OF RusT 

Each corrosion problem may vary because 
of the nature of the materials and process in
volved but the basic chemical reactions have 
much 'in common. External rusting of cans 
may be considered a part of the general sub
ject of corrosion of ferrous metals. 

Although many factors are involved in the 
corrosion of metals, only a few ( oxygen, mois
ture, temperature, and presence of acids or 
salts) are of particular interest in connection 
with external corrosion of tin plate containers. 
Effective prevention of external rusting is sim
ply the control of one or more of these primary 
factors through taking reasonable precautions 
to protect the cans during processing, cooling, 
and storage. 

Many theories have been advanced . regard
ing the exact nature of the corrosion of iron. 
One explanation is given by Hildebrand (6) 
who indicates that the initial step in the forma
tion of rust is the production of ferrous ions. 
These ions combine with oxygen to form ferric 
oxide. The production of ferrous ions is re
tarded on pure iron by the polarization effect 
of hydrogen; however, their production is 
catalyzed by the presence of impurities, vari
ous salts and hydrogen ions. 

Although, as stated above, many ideas have 
been advanced to explain corrosion, it has been 
established that metallic corrosion in a solu
tion capable of conducting electricity is of an 
electrochemical nature. ( 5). Two dissimilar 
metals in electrical contact and wetted by a 
conducting solution, form an electrolytic cell. 
The less noble of the two metals becomes the 
anode and corrodes; whereas, the other metal 
becomes the cathode and is protected. Actual
ly, when the exterior of a tinplate container is 
exposed to certain atmospheric conditions or 
to corrosive water in the presence of oxygen, 
corrosion takes place at minute points where 
the iron is exposed. Small electrolytic cells are 
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established at these exposed points, and tbe 
corrosion of iron occms preferentially to tl1at 
of the tin. The tin coating or an overcoating of 
enamel retards rusting by protecting the iron 
from physical contact with the corrosive water 
or atmospheric conditions. This situation is 
quite different from that existing on the inside 
of the container vvhere, in most cases, as the 
result of the p resence of little or no oxygen the 
tin is anodic to the iron and iliereby provide 
sacrificial protection and sufficient she lf life 
for satisfactory merchandising. 

It has been shown that the formation of fer
rous ion either by electrochemical action or 
through solution by weak acids, is an essenti al 
step in the formation of rust. If means for 
stopping this part of the reaction are esta b
lished, then rusting could be retarded or per
haps prevented. 

During the past few years, considerable 
work has been done to develop a protective 
oxide film on iron similar to that which oc
curs naturally on aluminum. It was found that 
a film could be formed on ferrous metal in 
the absence of excessive dissolved oxygen with 
oxidizing materials such as sodium nitrite and 
chromate. (2) (3) Pryor and Cohen (9 ) con
cluded that the protective ac_tion of the above 
anodic inhibitors is based on the formation of 
protective films of 2 gamma Fe,O" maintained 
in constant repair. The protective film in aer
ated solutions is formed primarily by reaction 
with dissolved oxygen; however, in cleaeratecl 
solutions the inhibitors, due to their oxidizing 
character, react directly with iron to form pro
tective films . 

EXPERI1IENT AL PROCEDUHE 

In this work, the use of a long-known rust 
inhibitor " ·as applied to the cann ing industry. 

Fig. 1. Tinplate strips immersed in Sodium Nitrite s olution o f indicated concentration s for period of 
4 weeks at room. temperat ure. 
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To determine the desired concentration of 
sodium nitrite for the semi-commercial tests, 
strips of tinplate were immersed in solutions 
of sodium nitrite at concentrations of 0, 100, 
200, 300, 400, 500 and 1000 ppm. The nitrite 
solutions and tinplate strips were placed in 
500 ml. beakers and stored at room tempera
ture. One strip was completely submerged and 
another was partially submerged and partially 
out of the water in each case. Above 200 ppm. 
no rust was encountered on the strips during 
a period of four weeks. Slight rust was ob
served on the strips of tinplate in the un
treated water in about 24 hours. Fig. ( 1) is a 
photograph of the results of this experiment. 

In the semi-commercial tests, sodium nitrite 
was added to the process water to a concen
tration of 400 to 600 ppm. Periodically sodium 
nitrite was added to maintain the concentra
tion. Both continuous type cookers and batch 
type retorts were used in studying the effec
tiveness of sodium nitrite. The use of sodium 
nitrite in cooling water was not considered 
because the expense of such treatment would 
make it non-commercial, unless the water was 
recirculated which would bring in many tech
nical problems. Our experience indicates that 
the protective film formed during processing 
gave adequate protection during cooling and 
normal storage. 

It has been reported that sodium nitrite in 
concentrations below 200 ppm. has caused 
pitting of ferrous metals. (7) Since the sodium 
nitrite concentration is being continually di
luted in the cooker by the condensation of 
steam and the replacement of water carried 
out on the cans, the method shown in the 
appendix was developed for accurately deter
mining its concentration. .Because excessive 
amounts of sodium nitrite do not give signi
ficantly better re.suits, careful control of its 
concentration in the water will mean savings 
as well as preventing ineffectively low con
centration from occurring, 

Sodium nitrite cannot be used in solutions 
having a pH lower than 6,5 because it decom
poses chemically. In our te·sts, all water was 
found to be in the pH range of 6.5 - 7.5 and 
no pH adjustments were necessary. Water with 
excessively high pH should be treated because 
it will cause severe detinning of the cans. 

In Plant A, tests were run using 303 x 406 
cans fabricated from plain outside Common 

Coke ends and No, 100-25 bodies. This plant 
employs two Draper type cookers operating 
with hot water several degrees below the boil-

, ing point. Water at below boiling temperatures 
contains appreciable dissolved oxygen which 
when combined with the elevated temperature 
and the possible presence of corrosive salts 
creates conditions very conducive to rapid cor
rosion of the can exterior. The sodium nitrite 
was added to one cooker in the recommended 
amounts, and none was added to the other 
cooker. The pH of the water was 7.5. Ap
proximately 100,000 cans were used in the 
test run. The cans from the cooker with sodium 
nitrite added were practically rust free when 
they reached the casing operation. The cans 
from the cooker with no nitrite treatment had 
appreciable rust at points of exposure of the 
base steel. The addition of nitrite to this cooker 
provided a practical means of controlling 
troublesome rusting. 

In Plant B, the operation was slightly dif
ferent than Plant A in that the conveyors car
rying the cans to the grapefruit section pack
ers ran continuously, and as the cans traveled 
on these lines there was considerable abrasion 
of the body of the can by the guide rails. 

A trial run of 65,000 303 x 406 cans fabri
cated from outside plain Common Coke ends 
and No. 100-25 bodies was made using no 
chemical rust inhibitor. The cans were con
sidered commercially acceptable at the end 
of the process. However, at the end of one 
week's storage in the canner's warehouse, 
about 40% of the cans had a slight yellow 
stain of rust at the abrasions caused by the 
cans rubbing on the guide rails. The test was 
rep~ated using 300-400 ppm. sodium nitrite 
in the cooker, At the end of one week's stor
age in the same warehouse as the first sam
ples, these cans were free from rust at the 
abrasion marks on the can body. Representa
tive samples stored in the laboratory for two 
years remained rust free. It was quite obvious 
that the protective film formed by the sodium 
nitrite had prevented rust formation during 
the warehousing of the product, 

Similar tests were run at other citrus plants 
and in all instances, the amount of outside rust 
on the cans was greatly reduced by the use of 
nitrite. 

In the packing of grapefruit sections there 
is a tendency for free grapefruit juice cells to 
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adhere to the outside of the containers. If the 
sacs stay in contact with the can for an ap
preciable length of time, the tin is dissolved 
to the tin-iron alloy layer, producing an un
sightly black mark. We have noted that plants 
which allow cans of broken sections to accum
ulate for a period of time before closing and 
processing usually have a large amount of ex
ternal container marking. During our observa
tions, however, we have failed to find any rust 
at these marks, and since the bodies were 
usually covered by paper labels the condition 
was less offensive. For government sales these 
detinned areas might be considered objection
able. 

Since these tests were instigated, several 
million cans fabricated from outside plain No. 
100-25 bodies have been packed with citrus 
sections without incident. In all cases, the 
packers felt that with their particular opera
tions sodium nitrite was necessary and added 
it to their cookers. Besides protecting the cans, 
it was felt that the material probably would 
extend the service life of the equipment. How
ever, to evaluate this point fully, a separate 
study would be required and was considered 
beyond the scope of our investigation. 

Two pimiento packers encountered rusting 
and severe spangling of the cans during the 
processing of 401 x 411 cans. Spangling is the 
etching of the tin coating so that the crystal 
pattern of the tin is visible. The process for 
401 x 411 'cans of pimientos is approximately 
100 minutes in boiling water (212° F.). Even 
if the water is only slightly corrosive during a 
cook of such duration, the effects are very 
obvious. These canners were using cans fabri
cated from outside plain Common Coke bodies 
and No. 50 ends. 

It was believed that the use of sodium nitrite 
would retard the rust formation, but how it 
would. affect the spangling was unknown. Ap
proximately 400 ppm. was added to the retorts. 
The cans were stacked in retort crates, and 
three of the retort baskets were placed in 
vertical retorts. After the cans were cooked 
and cooled, they were examined. No rust or 
spangling of the tin was observed. The actual 
mechanism by which the nitrite eliminated the 
spangling of the tinplate was not determined 
at this time. The nitrite has been used com
mercially for two seasons and the corrosion 

and spangling problem has practically been 
eliminated. 

During the 1955 pimiento season, test runs 
of 401 x 411 cans fabricated from outside lac
quered No. 25 ends and outside plain No. 
100-25 bodies were made at two different 
pimiento plants. At Plant C they were filled 
in the normal manner, and given a normal 
process in boiling water containing 400 ppm. 
nitrite. After processing and cooling, the cans 
were examined and no corrosion was observed. 
Samples of the pack were placed in different 
warehouse locations which were conducive to 
sweat rusting. These cans were examined after 
ten months' storage and no rust was observed 
on the cans. 

At Plant D, part of the same lot of cans 
were packed with pimientos and given a simi
lar process. This packer did not use sodium 
nitrite in the processing water. The cans were 
slightly rusty when examined after the process 
and appreciably rusty after storage for ten 
months in a commercial warehouse. However, 
other cans of pimientos processed in water con
taining sodium nitrite arid stored in the same 
warehouse had not developed any apparent 
degree of rust. 

Fig. 2 shows a comparison of the condition 
of the cans packed by the two canners. This 
experiment was not designed initially to dem
onstrate the effectiveness of sodium nitrite, 
and it is possible that other factors exerted 
some influence. Neveretheless, the results cer• 
tainly indicate that tlie use of sodium nitrite in 
the process water showed beneficial effects. 

Many cans fabricated from plate having re
duced tin coating weights are steam processe1. 
It would be desirable to give these cans addi
tional protection through the use of 'a rust in• 
hibitor. Since there is no liquid contact period 
in a steam process to produce the protective 
coating of the base steel by oxidation with 
sodium nitrite, the cans would have to be im
mersed for a short period of time in a con
centrated solution of sodium nitrite prior to 
processing. 

Solutions of sodium nitrite containing 0, 
500, 1000 and 1500 ppm. and 1%, I-Ji%, 2% 
and 2)f% were prepared. Strips of tinplate were 
immersed in the solution at a temperature: 
of 180° F. for 30 second intervals ranging 
from 0 to 2)f minutes. After the immersion, the 
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salllpll's \H'l"l' plac!·cl i11 shallcl\\· porl'!'lai11 
lc1,·s containint; );" of clistilll'cl ,,·akr. 

;rill' n•stt!ts of this tt·st inclicatl'cl that tlH'n' 
\\'as soml' proteclio11 gi\!·11 tlw ti11platl'. parli
cularh- ,,·hen the plate ,,as tn·ated at thl' higli
t•r conct·ntrations and lo11gl'r tinw inten·,tls. 
Hmn·ver, tlw clegrel' of rnst protection gi,·(·11 
hv the trl'atment varit'd l'011sid('!'ahh-. 

Sampll's of the plat!' lrom the· al)()\'(' ('X
perinw11t ,,·ere placl'd i11 a11 a11tocla,T and pro
l'l'Ssed one hour at :2.'50 F. Tlw excess 11itril!· 
ca11sl'd consiclerahll' spotting of thl' plat(· 
,,·hich ga\! ... it a11 ohjl'dirn1ahil' appl'aCllll'!'. 
and it did not apprcciahh retard rnstint;. 

To dak experiments ming a sodium 11itril!' 
dip to pn·,·ent corrosion during steam prn
ccssi11g have not lwl'n ('11(·ot1rat;int;. Hm,-en·r. 
the c~periments havt' hl'l'II vt·;·v 'curson· and 
a morl' l'Xha11stive stndv \\'ill h!: madl'. · 

Co:-:cu·s10:,.;s 
111 c011d11sion. this ,,·ork i11clicatcs that sodi

nm 11itrill' ,,·hich has lll'l'II 11s!'cl .si1ccesstulh i11 
oth!'r industries as a rnst i11l1ihitor can hi• ol 
valut' to ma11,· of till' ca1111,·rs nsing a hot ,,at!'!' 
prnct·ss. i11 protecting pr<ll'('SSi11g l'(jlli]lllH'llt 
from corrosion and in rdarcli11g tlw formatirn1 
of rnst OJI thl' exterior of thl' can during prn
l't·ssing and suhseq11c11t slorag!'. Tlw dll'l'
tivt·1H'SS 1111dcr act11al crn1ditio11s of 11st' sh()uld 
he chcck!·cl ll\ l'ach packl'r !or his particular 
prnd11ct. t·q11ipment and proc!'ss. S()clium 11it
ritl' is a n·latin .. h i11t•,;p,·11.si,-,. matl-'rial a11d i.s 

n()t toxic i11 tlw q11a11titil's usl'd. :\s with all 
clwmicals. hmn·,·,·r. its storage and usl' should 
lw follm, eel j11dicioush- ll\· responsihll' plant 
pnson11el in ordl'r to a\'C>icl misapplication. 

A.n attempt to use sodium nitritl' as a rust 
inhibitor for skam processed items ll\· a short 
time high t•OJtl'('ntration dip nwthocf did not 
provl' succl'ssful. However, further work will 
he clone to dcknnim· if a suitable ml'ans can 
lw clevelopl'd to gi\'!' additional prot(•ction to 
cans \\ hich art' st,·am processed. 

.-\( :K :'\O\\. LEDC'-IE '-TS 

The author ack11m, ledges the hl'lplul sug
g<'stions of \Ir. H. I [mt and \Ir. K. E. Leins 
;>f the Soh-a,· Division· of Allied Chemical and 
D, e Corporation and Stokely-Van Camp, Inc., 
for the method for determining nitrite c011cen
tration. 

REFERENCES 
1. American Can C(). Bulletin-The Extl'rnal Ru~t-

ir1g uf Food Cans- Octohl'l' IH.t~l. 
A. Beall and E. Cassad_v--Preventing Corro:-;ion 

of Extl:'rior uf Cans- -l'nfo1·mation Leltt>r. National 
('a11nprs' .--\~-.:oc. Ft•hruary 2~. U-l:'>:)_ 

,J. ~1. Camp and C. B. Francis. The Making, 
Shapin)! and Treatilll-'." of Steel-lith Edition-Pub
lisl~(•d hy ·cnitt->d Statt•s Stt•el Co. 

I. I\-1. Darrie11- Concision Inhibitions with Chro-
rnatt•s-The Oil and Ca:-- ,]nurnal~-January anti Ft•b
rua1·v 19-1 H. 

;;_ · H. Cratas Inhibition of Metallic Cono:-.ion in 
..\qttPol!s Mec!ia- -l'o1Tm-ion---National Association of 
C'nJTt1:-dun E11gin1•prs -,January 19:'>(i. 

!i. Hildebrand. .J. l'rin('iph-s of ChPmist ry---Mac-
:\ilillan Puhlishing- Co. J\l-1~. 

:- . E. Leins-Corrt1sio11 Inhihitin11 with Sodium Ni-
1 ritP-Sul\·ay l'nwt•:--s Jlj\·ision, Allit'd Chemical and 
llyt• (·ori,oratiun- l·npulilished J-'aper. 

'.\lantell. C. L. Tin l'uhlishfc'd \iy lhP Ch{•mi('al 
c·,it;-ilui: Cumpany. ]!l('. · 

Fig. 2. 401 x 411 cans of Pimentos processed with and without Sodium Nitrite in Cooker water. 



GRIERSON: TANGERINE HARVESTING 165 

9. Pryor, M. J. and Cohen, M.--Journal Electro
chemical Society 100, 203-1953. 

10. Uhlig, H.-Corrosion Control in Water Systems 
-Industrial & Engineering Chemistry-July 1952. 

1 L Wachter, A.-Sodium Nitrite as Corrosion In
hibitor for Water-Industrial & Engineering Chemis
try-Vol. 37, No. 8 (1945). 

APPENDIX 
The determination of Sodium Nitrite: 
Reagents-

Potassium Permanganate Solution, 1065 g. per 
100 ml. prepared by dissolving one grain (.065 
g.) tablet in distilled water and make to 100 
ml. Tablets dissolve very slowly and if possible, 
solution should be prepared ahead of use. The 
tablets can he crushed by using a stirring rod, 
being careful not to lose any material. Sodium 
Bisulfate Crystals (Sani-Flush or Bowlene is a 
good source). 

Apparatus-
Graduate-1 - 100 ml. 

1 - 25 ml. 
Pipette - 1 -10 ml. Mohr Type 
Flask 250 ml. Erlenmeyer 

Method-
l'vleasure 25 ml. permanganate solution into 250 
ml. . Erlenmeyer flask, add a few crystals of 
sodium bisulfate to make solution acid and 
titrate from the 10 ml. pipette with the sample 
of water to which sodium nitrite has been added 
until the permanganate solution is decolorized. 
(If a brown precipitate forms, it is an indica
cation ihe acid concentration is too low.) 

Results-
17. 75 x 1000 = PPM Na NO, 
ml. Nitrite sol. 

REDUCING LOSSES IN HARVESTING AND 
HANDLING TANGERINES 

W. GmEnsoN 

Florida Citrus Experiment Station 

Lake Alfred 

Previous studies ( 3, 4) on the handling of 
tangerines have shown that ethylene degreen
ing tended to increase stem-end rot and also 
sensitized the tangerines towards certain types 
of mechanical injury. In order to study these 
effects more closely, tangerines were separated 
after picking into several categories according 
to color, each category being handled separate
ly through the Experiment Station packing 
house. The next logical step was to spot-pick 
into the various color categories. This was done 
in 1954-55. It was found that decay was least 
in tangerines picked full color and not de
greened. Decay was excessive in tangerines 
picked without a good color break and heavily 
degreened. Severe peel injury occurred to 
fully colored tangerines when they were sub
jected to the ethylene degreening process, as 
would normally be the case when mixtures of 
green and naturally colored fruit are handled 
together. 

METHODS 

Seven pickings were made between Novem
ber 4 and November 29, 1955. At each pick
ing the tangerines were separated by the pick
ers into three color categories: e.g. "A", good 
orange color break; "B", yellow color break; 
"C", little or no color break. The fruit from 
each of the "A" and "B" categories were di-' 

Florida Agricultural Experiment Stations Journal 
Series, No. 566. 

vided into two lots, each consisting of 100 
fruit. One lot was held in the degreening room 
as long as the greenest fruit (Group "C") were 
in there, which is what happens in commer
cial practice. The duplicate lots within _ the 
"A" and "B" categories were removed from 
the degreening room as soon as they were con
sidered to· be degreened to an extent equiva
lent to commercial practice. After degreening, 
the various samples were washed, polished, 
waxed and stored at 70° F. for decay studies. 
They were examined at one, two and three 
weeks from date of picking, separate records 
being kept of stem-end rot, blue and green 
molds and peel injuries. 

A further study was carried out which ( ex
cept for the first two replications) used these 
same pickings of tangerines. Since it had been 
found previously that degreening sensitized 
tangerines to handling injury, particularly by 
the polisher brushes ( 4), additional samples 
were picked to provide further information on 
this point. These additional samples were 
washed and polished before degreening. Al
though not advocated for commercial practice, 
this provided a comparison with the samples 
receiving the normal treatment of washing 
and polishing after degreening. All samples 
were waxed prior to storage at 70° F. Since 
the prior washing and polishing impedes de
greening, these samples were removed from 
the ethylene treatment at the same time as 
the regular samples, regardless of their color. 

The color of samples was determined by use 
of the visual comparison colorimeter as devel 0 

oped by Rouse and Bowers (8) from an orig-
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inal design by Baier and Ramsey ( 1 ) . In this 
apparatus the reflected light from the surface 
of the sample is focused on a ground glass 
plate for comparison with Munsell color plates 

RESULTS 

Color at Picking and Subsequent Decay -
Table 1 shows the total losses from all causes 
presented as the averages of the seven repli-(7). 

Table lt 

• 
Treatment Holdine 

TJeriod 

l veek 
Minimum degreening 
period 2 weeks 

3 veeks 

l wek 
Full degreening 

2 vee·ks period 

;' weks 

* All timee are from date of picking, 

Table 21 

Toto.l losses (all causes} in tangerines spot, 
piclred for color betwen Nov, 4~9, 1955 and 
held after degreening at 70° F. 

Toto.l oercent lo,ses l averaues of 7 niclrl nas I 

Best possible Medium to Little or no 
color break (Al ""Or coior IBl coior '-••" tel 

6 6 - -
14 24 - -
26 40 --

3 6 6 

11 ';;6 24 

30 50 50 

Total lessee (at tw veeks from nicking} in tangerines 
picked in three color categories , all. of \lhich vere 
given the same degreening period. Degreeninr, considered 
to be equivalent to that ueed in COl!llllercial oractice. 

Date (all Good orange color Yellow color Full ren Derr,,ening 
1955) break (A) break (B} (C period (hour•) 

Percent Percent Percent 

Nov. 4 2 2 10 72 

Nov. 7 6 8 6 70 

Nov. 9 10 19 12 68 

Nov, 14 11 23 38 66 

Nov. 15 13 45 25 91 

Nov. 21 13 35 27 46 

Nov, 29 20 .48 48 76 

Averages 10, 7,£ 25.7% 23. ?:' 69.'.3 hours 

L, s. D. (5% Level) - - - - 14,71 

For color categoriu 6,78 * 
Analysis of Variance • "F" values 

For picking dates 6,59 * 

* Significant at the 5% level, 
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cations. Table 2 presents total losses for one 
examination period and one treatment in great
er detail. A statistically significant increase in 
losses with advancing picking dates was 
found. The same relationship prevailed in the 
1954-55 experiments. Returning to Table 1, 
it will be noted that differences are very minor 
at the first examination. At the second week 
from picking, differences in decay between lots 
receiving different degreening periods are still 
not discernible, but losses in the "B'' group 
are about twice those in the "A" group. At 
three weeks from picking the losses in the 
"B" group ( medium to poor color break) are 
still considerably higher than in the well. color
ed, "A", group. This is in line with the find
ings reported previously ( 4). Two other re
sults are in marked contrast to the. 1954-55 
results. The losses in the tangerines picked 
with an excellent color break were not in
creased by a protracted degreening period. It 
is felt that this is understandable in view of 
the extremely dry season which caused a sharp 
reduction in stem-end rot but had little if any 

effect upon Penicillium ( blue and green 
molds). Since stem-end rot is stimulated by 
the ethylene used in the degreening process 
( 3) and Penicillium is sharply checked by the 
85° F. degreening temperature (6) the effect 
of such differences is readily apparent. The 
other difference from the 1954-55 results was 
that the losses from peel injury and decay in 
the "C" group (picked green) was no higher 
than in the "B" group ( medium to poor color 
break). In the experiments of the previous 
season the "C" group tangerines had broken 
down almost completely. In the current ex
periments losses were no higher than in the 
"B" group, but this fruit would have been 
largely unmarketable on the basis of grade. 
Table 3 shows the average colors of the vari
ous samples after degreening. On the scale 
used, a sample that averages "10" can ( as far 
as color is concerned) pack out almost entire
ly No. 1. Samples rating higher than "20" on 
this scale could hardly be considered for 
packing as No. 1, and lower grades than No. 1 
were not allowed to be shipped during the 

Table 3: Final colors* after degreening. Some fruit and 
experiments as Table 1. 

Date 
(1955) (A) (B) 

Nov. 4 15 20 

Nov. 7 10 15 

Nov. 9 10 40 

Nov. 14 15 15 

Nov. 15 15 20 

Nov. 21 5 25 

Nov. 29 5 15 

Averages 10.7 21.4 

* Colors are from an urbitrary scale on which 11011 is deep reddish orange and 

11100 11 is dark ereen. 11Avoraee color" is determined by ineans of the visual 

comparison colorimeter developed by Rouse and Bowers (8). 

(C) 

45 

30 

40 

35 

35 

40 

40 

41.4 
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period over which this experiment was con
ducted (2). 

Ethylene Degreening and Subsequent Peel 
In;ury-The results of the experiments on the 
effect of ethylene on subsequent peel injury 
are shown in Table 4. This form of peel in
jury takes the form of "zebra" markings as 
described previously . ( 4) and had previously 
been noted to a great extent in samples that 
had been degreened and subsequently dried 
in .a polisher drier. In Table 4 it will be noted 

· that this peel injury appeared in very con
siderable amounts in only three of the six 
pickings. In two it was virtually absent and in 
the sixth appeared to a very slight extent. In 
the three severe outbreaks, it was very much 
more pronounced in the samples that had been 
degreened before washing and drying rather 
than after, thus confirming the hypothesis that 
ethylene degreening can, in some way, sensi
tize tangerines to handling damage that shows 
up as "zebra skin" peel injury. 

Fig. I illustrates a possible explanation of 
why this effect showed in only three of the 
six replications. Comparing the rainfall record 
with the incidence of peel injury it can be 
seen that all those samples in which washing 
and polishing after degreening caused in
creased peel injury were picked three to five 
days after heavy rains. Those samples in which 
degreening did not cause sensitivity to such 
damage were picked 11 to 19 days since the 
last heavy rain. 

DISCUSSION 

It is considered that the studies on spot
picking for color have a very direct applica
tion to commerciai tangerine handling. Many 
packers spot-pick for size and some of the 
more exacting operators delay picking until 
color break is reasonably advanced. Despite 
this, altogether too many tangerines leave the 
packinghouses as "eliminations." In the 1955-
56 season tangerines picked full green, or with 
a very poor color break, almost entirely failed 

Table 41 Effect of Washing and Polishing Before and After 
Degreening on Peel Injury of Tangerines. 

Picking 
Date 
(1955) 

Nov. l 

Nov. 9 

Nov. 14 

Nov. 15 

Nov. 2l 

Nov. 29 

Color 
Category 

Unsorted 

A 
B 
C 

A 
B 
C 

A 
B 
C 

A 

B 
C 

A 

B 
C 

• 
X 

0 

0 
0 
0 

0 
0 
l 

10 
'Z7 
9 

0 
0 
0 

0 

5 
12 

Fercent Tanllerines Unmarketable Due to Peel In.1urv 
l week @ 2 weeks 3 weeks 

.Y 

15 

0 
0 
0 

47 
n 
23 

38 
52 
36 

0 
0 
l 

X 

7 

0 
2 
l 

0 
0 
l 

10 
30 
13 

0 
0 
0 

l O 
O 9 
2 12 

i 
I 

J7 

l 
0 
l 

50 
J2 
23 

40 
56 
36 

0 
0 
l 

X 

4 

0 
5 
l 

0 
0 
l 

10 
J4 
lJ 

12 
6 
0 

l O 
l 9 
4 12 

y 

J4 

l 
0 
2 

5l 
J2 
'Z7 

40 
56 
J6 

0 
0 
l 

l 
l 
4 

~verages l I 17,7 . 6,7 I 17.9 

* @ 
nxn 
11y11 

Color cater;ories are identical with those in Tables l, 2, and 3. 
Times of exaridnations are as from picking date, 
Washed and polished before degreening,) Both waxed with Fl.avorseal ~rior to storage. 
Washed and polished after degreening. ) 
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to "color up" to the extent needed for a No. 
1 pack. During the month of November, No. 2 
tangerines could not be shipped ( 2) and the 
cannery price for "eliminations" was 35 to 40c 
per box. Taking the cost of growing tangerines 
as 85c per box ( 9), picking, and hauling as 
_75c ( 10) and estimating the cost of degreen
ing and handling through the packinghouse as 
10c, then the out-of-pocket expenses on these 
eliminations was $1.70. Thus almost every 
box of green tangerines picked throughout th~ 
course of this experiment would have repre
sented a loss of $1.30-$1.35. If these fmit had 
been left on the tree they would have been 
saleable fruit. Many of them were possibly off
bloom and if harvested later would have been 
available for a premium market. A double 
spot-picking of early tangerines for size and 
color would involve a higher than normal pick
ing cost, but this would be cheaper than pick
ing green tangerines for a $1.30 loss. 

Decay studies showed that, in two succes
sive years, decay increased as the season ad-

1. 

j! ·s ,.o 
a: .. -50. 
C 

RAINFALL 

17 

vanced. This decrease in keeping quality was 
not related to the length of the degreening 
period, nor to rainfall. Since the two seasons' 
pickings terminated on December 13, 1954 
and November 29th, 1955, respectively, it is 
not considered that the increased losses were 
due to "over-maturity" in any normal use of 
the term. 

The studies on the relationship between 
ethylene treatment and the "zebra skin" peel 
injury indicates that the previously observed 
sensitizing of the fruit due to ethylene degreen
ing is a genuine phenomenon but is in some 
way linked to rainfall, since the effect was 
found only in those samples picked within five 
days of the last heavy rain. Commercially it is 
not possible to avoid this damage by washing 
and polishing prior to degreening as such ac
tion drastically slows up ethylene degreening 
( 5) . It is however suggested that such losses 
might be minimized by curtailing degreening 
as much as possible in the periods after heavy 
rain. 

7 10 26 

PEEL INJURY 

>-
~ 2 .., 
z 
-20 
...J 
LlJ 

le 15 

~ 
I 

5 

I :>egreened ofter washing and polishing 

0 Oegreened before washing and polishing 

0 
C 

, 
·~ 

E 
0 
C 

, 
C 

l 
0 
C 

oL-. ____ _:_ ______ ..u. ____ ...Jii3-_ ___.~~--:_-_-_-_---..Ii~..!_':'_-_-_-_-_-_-_-_---...!"'11::..:1,L~ ... ________ , _____ __, J11... _____ _;,_ ___ =.Ll( ✓ 

9 1415 21 v 
OCTOBER NOVEMBER 

Fig. I. Peel injury of tangerines (at one week from picking) as related to timing of ethylene de1reenlng 
and to rainfall. 
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SUMMARY 

A spot-picking program was carried out for 
tangerines throughout the month of November 
1955. The tangerines were separated into 
three color categories which were handled 
separately throughout the experiments. 

It was found that decay in tangerines picked 
with a good orange color break was about half 
that in tangerines picked with a poor color 
break or no color break at all. 

Final color in tangerines picked too green 
and degreened with ethylene was so poor that 
it is unlikely that they could have packed 
enough No. 1 fruit to pay for cost of handling. 
The balance of this fruit would have had to 
be sent to the cannery or abandoned, the loss 
in either case being at least $1.30 per standard 
box of "packinghouse eliminations." 

A distinctive form of peel injury, often 
known to the trade as "zebra skin" occurred 
in three pickings that were harvested three to 
five days after heavy rain. This form of in
jury was greatly aggravated when such tan-

gerines were polished subsequent to ethylene 
degreening. 

It is recommended that early tangerines be 
closely spot-picked for color-break as well as 
for size. 
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QUALITY OF CANNED GRAPEFRUIT SECTIONS 
FROM PLOTS FERTILIZED WITH· VARY ING 

AMOUNTS OF POT ASH' 

F. W. WENZEL, R. L. HuGGART, E. L. MOORE, 

J. W. SITES, E. J. DESZYCK, R. W. BARRON, 

R. w. OLSEN, A. H. ROUSE AND C. D. ATKINS 

Florida Citrus Experiment Station 

Lake Alfred 

The Florida pack of canned grapefruit sec
tions has averaged about 4¼ million cases 
(24/2's) each year during the last 5 seasons. 
During the 1955-56 season almost 3}f million 
boxes of grapefruit were used for canning 
about 5)~ million cases of grapefruit sections 
and citrus salad; this corresponded to approxi
mately 20 percent of the crop of seedy grape
fruit. The quality of canned grapefruit sections, 
which is one factor that determines accepta
bility and future demand, is dependent upon 

1/Cooperative research by the Florida Citrus Ex
periment Station and Florida Citrus Commission. 
Florida Agricultural Experiment Station Journal 
Series,' No. 560. 

the quality of the fresh fruit utilized, which in 
tum depends on the many factors affecting 
the internal quality of fruit. 

The quality of citrus fruits is affected by 
many factors, such as fertilizer and spray prac
tices, root stock, variety, soil and weather con
ditions. Various investigations have been made 
( 1, 3, 4, 5, 6, 7, 8, 10, 12, 13) concerning the 
influence of variable potash fertilization on the 
quality and composition of citrus fruits, in
cluding grapefruit, oranges and limes. Sites 
( 12) reported on the effect of using different 
amounts of potash in fertilizing on the quality 
of Duncan grapefruit, as indicated by changes 
in soluble solids, acidity, vitamin C and yield 
of juice. 

Information is not available concerning the 
importance of fertilizer practices in influencing 
the quality of canned grapefruit sections. The 
purpose of this report is to present data that 
were obtained during three citrus seasons 
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concerning the quality of canned grapefruit 
sections, prepared with fruit from grove plots 
fertilized with varying amounts of potash, so 
that such information will be available to both 
processors and growers. 

EXPERII\IE1'"T AL PROCEDURE 

Source of fruit.-Duncan grapefruit was ob
tained from plots in Block V at the Citrus Ex
periment Station; these plots have been de
scribed by Ruprecht ( 11) and Sites ( 12) . 
The fertilizer applied since 1939 contained the 
equivalent of 3 percent N, 6 percent P.O., 3 
percent MgO, 1 percent MnO, Jf percent CuO, 
together with various amounts of K20. After 
picking, aU of the lots of fruit were held for 3 
to 4 days before processing. The size of the 
fruit used varied considerably because it was 
not possible to obtain sufficient amounts of 
fruit of any one size. During the 1953-54 sea
son fruit from plots treated with fertilizers 
having the equivalent of 0, 3 and 10 percent 
K,O was processed on February 12, 1954; fruit 
picked the following season from the same 
plots was packed on February 26, 1955, and 
during the third season on January 14, 1956. 
All of the trees from these plots were removed 
recently to make land available for new plant
ings. 

Canning of Grapefruit Sections. - Usual 
commercial procedures for the peeling, sec
tionizing and processing of grapefruit sections 
were used. The sections canned in 1954 were 
packed at the Tampa plant of the Florida Di
vision, California Packing C?rporation; those 
for the next two seasons were canned at the 
Winter Haven plant of Bordo Products Com
pany. Yield-data are not presented since the 
individual lots of fruit used, approximately 5 
boxes, were very small. It was also decided 
that only the packs of whole sections would 
be examined and so the cans of broken sec
tions, which were a small percentage of the 
cans in each pack, were discarded. Packs of 
the canned whole grapefruit sections were · 
stored at 80° F. at the Citrus Experiment Sta
tion until examined, · 

Examination of Canned Grapefruit Sections. 
-All of the products packed on February 12, 
1954 were examined at the Station during the 
period March 30 to April 5, 1954; those 
packed on February ~6, 1955 were examined 
from May 25 to Jtine 1, 1955; those packed 

on January 14, 1956 from February 6 to Feb
ruary 10, 1956, Samples of the 1955 and 1956 
packs were also inspected and graded ( 14) at 
the plant immediately after packing and again 
after 2 weeks by Mr. Walter D. Pond, U.S. 
D.A., · Agricultural Marketing Service, Winter 
Haven, Florida. Grade A or U.S. Fancy com
mercial packs obtained from the commercial 
plants in 1954, 1955, and 1956 were also ex
amined for comparative purposes. 

Methods of examining and grading, used 
at the Station, were more critical and differ
ent from those used by the AMS ( 14) and 
therefore will be described. All of the sections 
from about one-half of the total number of 
cans in each pack were examined in_dividually; 
the number of size 303 cans used from each 
pack is listed in Tables 1 and 2. The sections 
from each can were drained on either a 10 or 
16 mesh screen for 2 minutes. Each section 
was then examined by the senior author to 
see whether the main vascular bundle or 
"thread" was present on the section and to 
divide the sections into three groups on the 
basis of firmness; namely, whole sections, sec
tions that broke on handling and soft sections. 
The sections in .each of the three groups were 
weighed to obtain the total drained weight, 
The drained syrup from the cans in each pack 
\Vas mixed together and the acid, soluble solids 
and pH in this syrup were determined. Final
ly, the quality of each pack was rated as either 
good, fair or poor chiefly on the basis of the 
firmness . of the sections, The flavor, color and 
general appearance or character were also 
noted. · . 

. . 
The . whole, broken and soft grapefruit sec

tions from the pack of January 14, 1956 were 
analyzed for pectic substances using the rapid 
colorimetric method of Dische ( 2) as de
scribed by Rouse and Atkins (9) for citrus 
concentrates. Water-soluble, oxalate-soluble, 
and sodium hydroxide-soluble pectic sub
stances were determined and results reported 
on a· wet basis as milligrams per 100 grams. 

EXPERIMENTAL RESULTS AND D1sc_USSlON 

Results from the examination of the nine 
experimental packs of canned grapefruit sec
tions are shown in Tables 1, 2 and 3. Informa
tion on three commercial packs of canned sec
tions of good . quality are also included in 
Tables 1 and 2 for comparative purposes. 
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Data in Table 1 show that the rating of 
canned sections, based on firmness, decreased 
in the 1954 packs as the amount of potash in 
the fertilizer used was increased; the number 
of whole sections in these packs was 68, 48 
and 28 percent and the number of soft sections 
was 6, 19 and 42 percent of the total number 
of sections when the K.0 level was 0, 3 and 10 
percent, respectively. In the 1955 packs pre
pared from fruit from the same plots, this 
trend was not evident. All of the sections in 
these three packs were of poor quality be
cause of softness, which possibly resulted from 
the fact that the fruit was picked too late in 
the season. If grapefruit is allowed to remain 
on the tree too long, canned sections of good 
quality will not be obtained from this fruit 
regardless of the cultural practices used. Re
sults obtained from the examination of the 
1956 packs showed that when the K.0 level 
was 0, 3 and 10 percent the number of whole 
sections in these packs was 60, 50 and 30 per
cent and the number of soft sections was 11, 
36 and 51 percent, respectively, these results 
being similar to those found for the 1954 
packs. 

The percentage of the grapefruit sections 
from the various packs which had a "thread" 
is indicated in Table 1. The "thread" is the 
main vascular bundle traversing the dorsal 

side of the segment. Since each of the juice 
sacs is attached to this "thread," perhaps a 
section having the "thread" would not break 
apart as easily as one without the "thread." 
This information was obtained since the ques
tion was raised as to the possibility of the de
creased occurrence of this "thread" on canned 
sections because of cultural practices. The per
centage of sections from both the 1955 and 
1956 packs that had a "thread" was greater 
than that in the 1954 packs. It should be noted 
that the "thread" occurred less frequently on 
section~ in the 1954 and 1956 packs from the 
10 percent potash plot. Since the "thread" was 
present on most of the sections in the nine 
packs and since variations in procedures used 
for ly~ peeling could cause destruction of this 
"thread," it is doubtful that the composition of 
the fertilizer is related to either the presence 
or absence of the "thread." 

Analytical results from the examination of 
the syrups drained from the sections in each 
of the nine experimental packs showed a range 
in pH from 3.2 to 3.4. The acidity in the 
syrups from the sections showed ( Table 1) 
the usual trends found in grapefruit, as re
ported by Sites ( 12) when the amount of 
potash in the fertilizer used is varied. Acidity 
increases as the potash content of the fertilizer 
is increased. Differences in the acidity of the 

TABLE l 

Ettect of V&riable Potash fertiliz~tion on the Fl.rmneu ot Canned Grapefruit S.Otions 

'ilariation 1,0. or ~:o. or "Thread• fll:llllS::li2 - S Final Tot&J. acid, as 
or potash JOJ cans sections present Whole Broke on Soft rating ~""· c1 tri •• 

in fertilizer examined examin'9d d handling l in drained ll)'J'llp - · % ,. 

Pa£ked FebC!!xi,: l~ l2~t. 
K20 - (Jf, 8J 1190 79 68 26 6 Good 0,82 . -Jl, 107 1659 78 48 JJ 19 Fair 1.07 . -lCI;: 95 1594 64 28 JO 42 Poor l.:25 

l!acked febl:l!W '-2, ' 12~~ 
K20 - Cl,( 64 1147 86 47 17 J6 Poor l.00 . - J,, 66 1227 86 47 21 J2 Poor l.08 . -10,( 62 1204 SJ J9 16 45 Poor 1;22 

Pack!!II Janui!O: l.lu l.2~2 
K20 - 0,. · 47 769 95 60 29 11 Good 0.67 . - "JI, 44 7J4 90 so 14 J6 Poor 1.19 . -10% 4l 729 , 85 30 19 Sl Poor l,21 

r.omrniercia.J. 2aclu - For- comearieon 

Ses.son packed 

195►54 J6 652 57 Sl 48 l Good 0,94 
i954-SS 48 676 89 42 51 7 Good 1.01 
1~55-56 16 286 92 75 21 4 Good 1.os 

1 These sections vere whole when removed from cans to screensJ but th9Y broke into two pieces upon further ha.ndl.11>.i 
d.urine examination. · 
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grapefruit caused differences in the Brix/acid 
ratio of the drained syrups, which ranged from 
15.8 to 23.2 in the nine packs. 

The total glycosides, as naringin, in the 
drained syrups from the 1954 packs were 68, 
46 and 43 mg./100 g., when the potash levels 
were 0, 3 and 10 percent, respectively. The 
1955 canned sections were not analyzed for 
total glycosides, but that in the 1956 packs 
was determined, as naringin, by Dr. S. V. Ting. 
The substances ranged from 100 to 41 mg./ 
100 g. in the sections and from 86 to 36 
mg./100 g. in the drained syrup. Increasing 
the amount of potash in the fertilizer seemed 
to cause a decrease of the total glycosides. 
However, since the sample from the low pot
ash plots had a greater amount of membrane 
from the segments attached to the canned sec
tions and since there was a significant corre
lation between the total glycosides and the 
variable amount of membrane attached to the 
sections, the effect of different potash levels 
was not determinable. 

The final ratings for the 1955 and 1956 
packs, based upon the examination at the 
Station, as well as the final AMS grades (14) 
and information on drained weight are given 
in Table 2. The color and flavor of the grape
fruit sections from the nine experimental packs 
were acceptable. In the packs containing a 
large percentage of soft sections, there was a 

noticeable loss of liquid from the sections or 
"bleeding" when they were allowed to stand. 
Perhaps it also should be pointed out that it 
was not the purpose of this study to pack 
Grade A or U.S. Fancy canned sections, but 
to process the grapefruit at a time when dif
ferences in quality of the canned product 
would possibly result. 

Data concerning the effect of varying potash 
fertilization on the pectic substances in canned 
grapefruit sections were obtained by analyzing 
whole, broken and soft sections from the 1956 
packs. These results are presented in Table 3. 
The 1954 and 1955 products were not ana
lyzed for pectic substances. 

Pectic substances occur in citrus fruits in 
the middle lamellae, which are the layers be
tween each of the adjacent cellulose walls of 
cells. During ripening of the fruit, protopectin 
( the sodium hydroxide-soluble fraction) is 
converted by hydrolysis into water-soluble 
pectin and then by demethylation this water
soluble pectin is changed to low-methoxyl 
pectin; this and pectin degraded by other 
means form insoluble salts with calcium and 
magnesium that are soluble in ammonium 
oxalate solution. The amounts and types of 
pectic substances in grapefruit, when picked, 
should be related to the firmness of canned 
grapefruit sections; also sections may become 
less firm during processing if further changes 
in the pectic substances occur. 

TABLE 2 
Ettect ot Variable Potash Fertilization on the Quality ot Canned Grape:t'ruit Sections 

Variation No, ot 30.3 cans Drained weight Wholeness Final Final 
ot potash examined E!£ can - oz1 it Score rating grade 

in fertilizer Station AMS l Station AMS Station 2 AMS station AMS 

Packed Febru!!!Z 26 1 1~5 

K20 - (J,C 64 6 9,.3 10,1 64 18 Poor B - U,S, C21oice 
• - 'JI, 66 6 8,9 9,8 68 18 Poor B - • • • 
• -10,C 62 6 8,6 9,6 55 18 Poor B - • • • 

Packed Janum U., ~6 
K20 - (J,C 47 9 9,8 10,.3 89 19 Good A.- U,S, Fan07 
• - 'JI, 44 8 8,9 9,8 64 18 Poor A - • • • 
• -10,C 41 8 8,5 9,8 49 18 Poor B - • • Choice 

Colllnercial pack - For OOlllparison 
Season packed 

1955-56 16 6 10,2 11,2 96 19 Good A - U.S. Fancy 
1 Graded 2 weeks after packing by Walter D, Pond, U,S,D,A,, .Agricultural Marketing Service, Winter Haven, 

Florida, 
2 Includes both whole sections and those that broke on subsequent haDdlille as indicated in Table 1, 
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Data obtained from the examination of the 
1956 packs (Table 3) show that the water
soluble pectin in the three -kinds of grapefruit 
sections was greater at the 10 percent potash 
level than when no potash was · applied in the 
fertilizer; whereas, the oxalate-soluble pectin 
decreased with increased levels of potash. 
When calculated from data in Table 3, the 
percentage of total pectic substances at the 3 
percent potash level for whole, broken, and 
soft sections were respectively, 35.8, 32.4, 
and 32. 7 percent less than at the O percent 
potash level; at the 10 percent potash level 
for the corresponding grapefruit sections, the 
percentages were respectively, 34.3, 35.9, and 
36.1 percent less than at the O percent potash 
level. The quantities of both the water-soluble 
and total pectin were greater in the soft sec
tions than in the whole or broken sections. 

The whole, broken, and soft sections were 
analyzed also for pectinesterase activity· and 
water-insoluble solids. A residual pectinester
ase activity ranging from 0.3 to 2.0 X 10 '' 
units, representing the milliequivalents of 
ester hydrolyzed per minute per gram of com
minuted products, was found in these grape
fruit packs. Results also showed that the per
centages of water-insoluble solids at the 3 
percent potash level for whole, broken, and 
soft sections were respectively, 25.5, 39.8, and 

41.4 percent Jess than at the O percent potash 
level; at the 10 percent level for the corresc 
ponding sections, the percentages were re
spectively, 28.6, 44.1, and 43.0 percent Jess 
than at the O percent potash level. More · data 
are needed to determine the exact relation be
tween the types of pectic substances and the 
softening of grapefruit sections. 

Finally, it should be pointed out again that 
the only purpose of this study was to deter
mine the effect on the quality of canned 
grapefruit sections of using fruit from trees 
that had been treated with fertilizer contain
ing various amounts of potash. The determin
ation of what the best level of potash in fertil
izer should be for the production of citrus 
depends upon many factors. Results indicated 
that as the potash level in the fertilizer in
creased, the quality of the canned grapefruit 
sections packed deteriorated because of a de
crease in firmness. It is realized that large 
fruit are desirable for sectionizing and that the 
size of the fruit increases as the amount of 
potash in the fertilizer is increased; also that 
when fertilizer containing low amounts of pot
ash are used, then decreased production and 
more pre-harvest drop occur. Therefore, it 
is suggested that if a fertilizer containing a 
large amount of potash is used in producing 
grapefruit for sectionizing, then the grower 

TABLE 3 

Effect or Variable Potash Fertilization on the Pectic Substances in Canned Grapefruit Sections 

Whole S!S!!:i2ne Broken sections Soft sections · TQt!!l !!&Cl! 
Variation % of Fectic % of Pectic % of Pectic Pectic 
or potash 1956 substance a 1956 substances 1956 substances substances 1 

in fertilizer pack mg./100 g. pack mg./100 g. pack mg,/100 g, mg./100 g. 

Water-soluble 12;ectic !Ybstance~ 

K2o - (),I: 60 80 29 90 11 109 86 
II - YI, 50 80 l4 95 36 104 90 
" -10% 30 87 19 102 51 129 111 

&!!ffionium o!!J,ate-soluble I!ect!e gyb~t~C!:!J. 

i20 - C1I, 60 257 29 262 11 272 260 . - ~ 50 141 l4 146 36 160 l.1.9 . -l<JI, 30 131 19 121 51 . 126 127 

Sodium lr£droxide-soluble ~ectic substances 

K2o" - 0% 60 158 29 163 11 170 161 
• - 'JI, so 97 14 107 36 107 102 . -10% JO 107 19 107 51 97 102 

Total Eectic ~bstanS:e~ 

K20 - 0% 60 495 29 515 ll 551 507 
.• · - % 50 318 l4 348 36 371 341 . -10% 30 325 19 330 51 352 340 

l Calculated value baaed on the percentage of whole, broken and 110ft sections in each pack, 
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or processor should see that the fruit is har
vested soon enough in the season so that 
softening of the canned sections will not re
sult. 

Smn.rARY 
Fruit from grove plots treated with 0, 3, or 

10 percent potash in the fertilizer was used 
for packing of canned grapefruit sections dur
ing three citrus seasons. 

Data obtained from examination of the nine 
packs indicate that the time at which the fruit 
is picked is a factor affecting the quality of 
canned grapefruit sections. If fruit is allowed 
to remain on the tree too long, then canned 
sections of good quality cannot be packed, re
gardless of the cultural practice used. 

When grapefruit was picked at the same 
time from trees which had· received fertilizer 
containing 0, 3 and 10 percent potash, . the 
firmness and quality of the canned grapefruit 
sections decreased with increase in the amount 
of potash. 

The greatest amounts of total pectin and 
water-insoluble solids were found in the 
canned grapefruit sections when there was no 
potash in the fertilizer used; as the potash level 
increased to 10 percent, the total pectin gen
erally decreased in the whole, broken, and soft 
sections. The water-soluble pectin was greatest 
in the soft sections and least in the whole sec
tions at the three potash levels. 
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STORAGE STUDIES ON 42° BRIX CONCEN
TRATED ORANGE JUICES PROCESSED 
FROM JUICES HEATED AT VARYING 
FOLDS. 1. PHYSICAL CHANGES AND 

RETENTION OF CLOUD' 

E. L. MOORE, A. H. RousE AND C. D. ATKINS 

Florida Citrus Experiment Station 

Lake Alfred 

It has been demonstrated in pilot plant 
studies and in the industry that clarification or 
loss of cloud and gelation in frozen citrus 
concentrates, subjected to above 0° F. storage 
temperatures, may be lessened by partial in
activation of the pectinesterase by heat treat
ment. Storage information is now needed as 
to the relative effect of heating either the 
single-strength juice or heating the partially 
concentrated juice at some stage of the con
centration process. 

For the purpose of obtaining this informa
tion, packs of 42° Brix Pineapple and Valencia 
orange concentrates were prepared and stored 
at -8°, 10°, 20°, 30°, and 40° F.; also for 
short-term storage at 80° F. for 24 hours. 
These concentrates had been made from either 
single-strength juice, heated to 150° or 175°F. 
prior to evaporation, or from 2-, 3-, and 4-fold 
concentrates withdrawn during the evapora
tion of unheated juice and subsequently heat 
treated to these temperatures. The heated 
juices and concentrates were then individually 
concentrated to 55° Brix and cut back to 42° 
Brix with unheated pulpy juice. Unheated con- -
trol packs were also processed and stored. 

This paper· will consider primarily the re
tention of cloud in these 24 packs of 42° Brix 
concentrates during storage at the various 
temperatures; the second paper in this series 
will consider the chemical changes, with par
ticular reference to the loss of pectin during 
storage of these products at 40° F. 

_ 1 /Cooperative research by the Florida Citrus Com
mission and the Florida Citrus Experiment Station. 
Florida Agricultural Experiment Station Journal 

· Series, No. 668. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Methods of Analyses.-When samples were 
removed for analysis from a storage box or 
room, with the exception of the samples 
stored at 40° and 80° F., they were placed 
in an air blast tunnel in the 40° F. room to 
rapidly bring them to that temperature. 

Pectinesterase activity was determined by 
the method as described by Rouse and Atkins 
(6). 

The concentrates were examined for de
gree of gelation by the method published by 
Olsen, Huggart, and Asbell ( 5). 

Pulp was determined as percent by volume 
in the raw and reconstituted juices that had 
been centrifuged for 15 minutes at 1700 r.p.m. 
in an International Centrifuge, Size 1, Type 
SB. Using the centrifuged juice from the pulp 
determination, cloud or turbidity was ob
tained as percentage- light transmittance in a 
Photovolt Lumetron colorimeter, Model No. 
402-E, with 10 mm. rectangular 14 ml. cuvette 
and filter No. 730 millimicron, that was set to 
read 100 percent light transmittance with dis
tilled water. 

It should be indicated that during this study 
all conditions, such as procedure and length 
of time for thawing or reconstituting of the 
samples, prior to the determination of the 
light transmittance for the centrifuged recon
stituted concentrates, were carefully standard
ized and controlled; this was done because 
previous investigations had shown that such 
conditions, if not uniform, would result in 
variable data. 

Preparation of 42° Brix Frozen Orarige 
Concentrates. - Grove run Pineapple oranges 
and Valencia oranges from Block II of the 
Citrus Experiment Station were used. 

The juice of the Pineapple oranges was ex
tracted with a Skinner rotary press . . A Food 
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Machinery, Model 35, finisher with an 0.030-
inch perforated screen and a rotary screen 
were used to obtain both an evaporator feed 
juice of 8 percent pulp by volume and a cut
back juice with 30 percent pulp. The cut-back 
juice was immediately packed in 96-fluid
ounce cans, cooled rapidly in dry ice-alcohol 
mixture to a temperature of 25° to 30° F., 
and then placed in -8° F. storage until used. 

The single-strength Pineapple orange juice 
had a pH of 3.8, was 12.0° Brix, and con
tained 0.96 percent acid as anhydrous citric. A 
portion of this single-strength or evaporator 
feed juice was deaerated, canned, cooled, and 
stored at -8° F. as described above for the 
cut-back juice. The remaining single-strength 
(I-fold) juice was concentrated in the Atkins 
Model A evaporator (2) until the concen
tration reached 2-fold ( 23 ° Brix), and then a 
portion was removed. The concentration of the 
remaining 2-fold concentrate was then con
tinued to 3-fold ( 33 ° Brix) and a portion re
moved. The remaining concentrate was con
centrated to 4-fold ( 42 ° Brix) . As prepared, 
these 2-, 3-, and 4-fold concentrates were 
canned, cooled, and stored at -8° F. as pre
viously described for the cut-back juice. The 
initial analyses of the 1-, 2-, 3-, and 4-fold 
products for pulp and cloud are given in Table 
1. As the concentration increased above I-fold, 

the percentage pulp in the reconstituted juices 
decreased and the cloud increased probably 
because of the cutting and grinding action of 
the evaporator pumps. 

When further processed, the 96-fluid-ounce 
cans for the single-strength (I-fold) or a 
particular folded juice were removed from 
-8 ° F. storage and thawed rapidly by rotating, 
while being sprayed with tap water, until the 
contents of the cans reached about 60° F. 
Each batch of folded juice was divided into 
three equal volumes and one of these was not 
heated; the other two volumes were heated to 
150° and 175° F., respectively, in 6 seconds 
and cooled in 14 seconds. These temperatures 
were selected on the basis of results reported 
by the work of Atkins and Rouse (I) . A 
tubular pasteurizer with cooling unit was used; 
the unheated juice was also passed through 
this unit. The percentage inactivations of pec
tinesterase in the 1-, 2-, 3-, and 4-fold Pine
apple orange juices at 150° F. were 64.1, 
73.3, 68.8, and 56.8, respectively; at 175° F. 
the percentage inactivations were 91.9, 92.5, 
93.2, and 92.3. These control and heat-treated 
products were then individually concentrated 
to 55° Brix in the Atkins Model B evaporator 
( 3), and cut back to 42 ° Brix with the thawed 
unheated pulpy cut-back juice containing 30 
percent pulp by volume. For the work report-

TABLE l 

Analyses of Single-Strength Pineapple Orange Juice, Single-strength Valencia Orange Juice 
and Cut-Back Juices for Pulp and Cloud; also Reconstituted Juices from 

2-, .3-, ruid 4-Fold Concentrates 

Single-strength juice 1 
Reconstituted 2-fold concentrate 
Reconstituted .3-fold concentrate 
Reconstituted 4-fold concentrate 
Cut-back juice 

Single-strength juice 1 

Reconstituted 2-fold concentrate 
Reconstituted .3-fold concentrate 
Reconstituted 4-fold concentrate 
Cut-back juice 

l . 
This juice considered as 1-fold. 

Pulp 
% by volume 

Pineapple orange 

a.o 
5.0 
4.0 
4.0 

.30.0 

Valencia orange 

a.o 
3.5 
4.0 
4.0 

20.0 

Cloud in centrifuged juice as 
% light transmittance 

65 
56 
59 
60 
61 

65 
52 
5J 
53 
56 
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ed in this paper, these 42° Brix concentrates 
were packaged in 1-ounce glass vials closed 
with rubber stoppers; the vials were placed in 
front of the blower in the -8° F. storage room 
to freeze the concentrates, were stored at this 
temperature, and later placed at the various 
storage temperatures .. 

Valencia orange juice of pH 3.9, 12.5° 
Brix, 0.93 percent acid as anhydrous citric, 
and pulp content of 8 percent was processed 
similarly. The percentage inactivations of 
pectinesterase in the 1-, 2-, 3-, and 4-fold 
juices at 150° F. were 55.1, 69.8, 68.6, and 
54.5, respectively; at 175° F. the percentage 
inactivations were 92.2, 93.1, 93.3, and 91.8. 
The unheated pulpy cut-back juice contained 
20 percent pulp by volume. For the work re
ported in this paper, 1-ounce "Celluplastic" 
vials and caps were used for packaging the 
final control and heat-treated 42° Brix Valen
cia orange concentrates. These products were 
then frozen and stored as described for the 
Pineapple orange concentrates. 

In Table 2 are listed the percentage in
activations of pectinesterase and the cloud in 
the final 42° Brix Pineapple and Valencia 
orange concentrates as prepared and before 
freezing. The addition of the unheated pulpy 

cut-back juice returned a large percentage of 
the pectinesterase to the concentrates pre
pared from heat-treated juices. In general, the 
cloud was better in the products as prepared 
that were made from juices heat treated at 
concentrations greater than 1-fold. 

Storage of 42° Brix Frozen Orange Con
centrates. - All concentrates were stored at 
-8° F. until it was possible to transfer them 
to the various storage temperatures for period
ic analyses. To determine any possible change 
during storage at -8° F., it was decided to 
check the cloud of the concentrates after 1 
week and after long-term storage of 1 year; 
also to determine the cloud after subsequent 
storage of the concentrates for 24 hours at 
80° F. at these two periods. These cloud re
sults are presented in Table 2. In general, it 
was found that a greater loss occurred in the 
cloud during the freezing of the Pineapple 
orange concentrates than during subsequent 
storage for as long as a year at -8 ° F. The re
sults for short-term storage for 24 hours at 
80° F. illustrate the protective action of the 
heat treatment. 

The Pineapple and Valencia orange con
centrates stored at -8 °, 10 °, 20 °, 30 °, and 
40° F. were examined at periodic intervals 

TABLE 2 

Analyses ot 42° Brix Pineapple Orange Concentrates am. 42° Brix Valencia Orange Concentrates 
tor Cloud am. Inaoti vat ion ot Pectinesterase 

Control-Unheated 150°F.1 17~°F,1 

lX 2X JI 4X lX 2X 3X 4X · lX 2X .3I 4X 

am!ali?Pll 2t!Dil ggngmk•:1'!11 
Inactivation ot 
pectineateraee 0 0 0 0 34.9 52.7 Y/.3 37.4 52.4 57.S 61.2 SS,8 
as prepered - % 
Cloud as prepered2 59 SB 59 62 59 52 55 55 66 52 54 52 
Cloud after 1 week at -8°F. ; 63 67 68 71 62 56 57 58 65 56 S6 S6 

then after 24 boura at 80°F. 98 99 98 99 77 83 92 95 74 87 84 87 
Cloud after 1 year at -8°F. ; 65 64 70 76 63 58 6o 62 66 58 61 64 

then after 24 bours at 80°F, 97 98 98 98 81 85 91 96 76 86 84 87 

V!J.e!lS!iA S?t!::DI! 22nsu2n:Y:al11 
Inactivation ot 
pectinesterase 0 0 0 0 36.7 49.3 Y!.3 33,3- 68.4 65.3 6o.3 62.1 
as prepered - % 
Cloud as prepered 55 55 55 54 57 53 52 51 6o 52 53 so 
Cloud after 1 week at -8°F. ; 59 58 58 57 59 54 55 53 59 54 53 52 

then after 24 bours at 80°F. 89 92 92 93 71 72 70 80 64 63 68 63 
Cloud after 1 year at -8°F. ; 63 64 68 67 62 6o 59 61 64 59 59 6o 

then after 24 hours at 80°F, 92 94 92 92 75 74 72 80 71 70 71 70 

1 Juice was heated at stated told to t•perature in 6 Hoollda alld cooled in 14 eecollda. lI = 1 told, 2I = 2 told, eta, 
Arter heat tree.tment ot Juice at tho reapective told, the juice was oonoentrated to ss• Brix alld out-hack to 42° 
Brix with UDheated pulP7 juice. 

2 Clo~ -determined aa percentage light tranemittanoe ot centrifuged reconstituted juice using Lumetron 402-E aolorillleter. 
l)egree ot alaritiaation tor orang• juice: ~S~ = none; ~9.' = alight; 7Cr8/$ = detinite; 85-100,l = axtr .... , 
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for clarification, gelation, and pulp content. 
Examinations were made of a total of 1352 in
dividual samples, but for brevity, data have 
been summarized and are presented in Tables 
.'3 and 4 giving only the number of days re
quired to develop definite or extreme clarifi
cation according to the arbitrary standard pre
sented by Huggart, Moore, and Wenzel (4). 
In many instances the concentrates stored at 
10° and -8° F. had not clarified to this ex
tent when the examinations were terminated, 
and the results have been expressed as greater 
than that number of days. Definite clarifica
tion is frequently referred to as a noticeable 
degree of clarification, and extreme clarifica
tion as an objectionable degree of clarifica
tion. The number of davs in Tables 3 and 4 
represents the actual ti~e of examination of 
the concentrates; in the second paper in this 
series, similar data for storage at 40 ° F. were 
plotted and the period of time read from the 
curve. Referring to Tables 3 and 4, the Val
encia orange concentrates required more time 
than the Pineapple orange concentrates to de
velop an equivalent degree of clarification. 
For both varieties of oranges, the best protec
tion against extreme clarification in the heat
treated concentrates ( Table 4) was found 
when the single-strength juice was heated and 

the least protection when the 4-fold concen
trate was heated. The effect of heat treat
ment to 150 ° and 175° F. on the time neces
sary for the development of extreme clarifi
cation in Pineapple orange concentrates ( Table 
4) was approximately the same. However, a 
slower rate of clarification was evident in Val
encia orange concentrates made from juices 
heated to 175° F. than in those prepared 
from juices heated to 150° F. The lower the 
temperature of storage of the concentrates, the 
longer was the period of time necessary for the · 
development of an equal degree of clarifica-
tion. · 

Gelation did not occur to any marked ex
tent during storage of the concentrates. sincP. 
the greatest degree of geiation found in any 
of the samples was only a slight gel. 

Results showed that the percentages of pulp 
increased in the concentrates stored at the 
higher temperatures; this apparent increase in 
pulp content during storage will be discussed 
in the second paper in this series. 

Of interest from the color and flavor stand
point was the darkening of the Valencia orange 
concentrate, packed in the plastic vials, dur
ing storage at 20° F. with the concurrent de
velopment of a hay flavor. 

TABLE J 

Temperature 

of storas;e 

400;-. 
30°F. 
20°F. 
10°,·. 

l!umber of Days Required fo:- Developm~nt of Defini te1 Clarification in 42° Brix Pineapple 

Orange Concentrates ar..t 42° Brix Vtlencia Orange Concentrates during Storage 

at Various Temperatures 

Control-Unheated 150°F. 2 1?5°F. 2 
------

lX 2A 2X ~ lX 2X JX ~ lX 2X 2X 
Pinea122le or~e concentrate 

l 1 o3 0 6 7 4 2 J 6 3 
2 1 0 0 6 11 6 3 6 8 6 
7 'I 0 0 42 ,.2 20 7 28 28 20 

56 8 0 0 >378-4 >J78 132 15 >.378 >378 S4 

4X 

2 
J 

11 
8 

- 8°F. 463 46J 263 0 >658 >658 >658 >658 > 658 >658 >658 >658 

Val~ncia. or:a!}f'e concentrate 

40°F. 2 l 1 l 8 8 11 6 11 11 11 11 
JOOF. 4 J 2 2 14 14 20 11 20 20 14 20 
200F. 14 7 7 7 56 70 56 42 84 84 56 56 
10°1". 182 56 15 28 >378 >378 . >378 2J8 >J78 >3'/8 >378 >378 
- 8°F. >560 >560 >560 >56o >56o >560 >560 >560 >560 >56o >56o >56o 

l Definite clarification indic~ted by light transmitt!lllce in the range of 70-34% for centrifuged juice, using 
Lumetron 402-E coloriJ!leter. 

2 Juice vas heated at stated fold to temperature in 6 seconds and cooled in l4 seconds. lX = l fold, 2X = 
2 fold, etc. After heat treatment of juice at the respective fold, the juice vas concentrated to 55° Brix 
and cut-back to 42° Brix with unheated pulpy juice. 

3 When unstabilized products showed definite clarification at the tiJ!le of storaee, this is indicated by "0". 
4 When definite clarification was not evident a.fter a long period of tiJ!le, this is indicated by the 

symbol > • 
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DISCUSSION ·oF HESUL TS 

Because of the complex nature of this in
vestigation, some of the problems encountered 
will be briefly discussed. It was realized as 
soon as the packs of concentrates were pre
pared that these products did not contain as 
much pulp and pectin as that found in com
mercial frozen concentrates. This was the re
sult of the extraction and finishing procedures 
used. 

In Tables 3 and 4 it will be noticed that 
the final 42° Brix concentrates prepared from 
the unheated 1-, 2-, 3-, and 4-fold products 
showed different rates of _ clarification during 
storage. The 2-, 3-, and 4-fold concentrates had 
been prepared in the Model A evaporator (2) 
that had open impeller type pumps; the 1-, 
2-, 3-, and 4-fold products were then concen
trated to 55° Brix in the Model B evaporator 
( 3) that had a gear type pump. This latter 
pump might be expected to cut the pulp more 
thereby causing a decrease in particle size, 
greater extraction of pectin, and formation of 
more cloud depending upon the length of 
time the concentrate was in this evaporator. 
Yet this was not found to be so when the 
prepared final 42 ° Brix unheated concen
trates of low pulp content were examined for 

cloud before freezing ( Table 2); however, 
there were differences in stability in . these 
final products, possibly resulting from changes 
occurring during concentration, which became 
evident after storage of the concentrates. 

As will be shown in the second paper of 
this series, there were greater differences in 
pectin in the Pineapple orange concentrates 
than in the Valencia orange concentrates, 
which might help to explain why some of the 
Pineapple orange concentrates showed defin
ite clarification whenever they were removed 
from storage at -8° F. to be placed at the vari
ous storage temperatures. 

Previously mentioned was the fact that the 
Pineapple and Valencia orange cut-back juices 
contained 30 and 20 percent pulp by volume, 
respectively, before freezing and storage at 
-8° F. However, when these cut-back juices 
were thawed for use, they checked 18 and 15 
percent pulp, respectively. This decrease in 
apparent pulp content may be related to 
freezing, dehydrating, and shriveling. 

In general, the data presented in _this paper 
illustrate that to retain the cloud in frozen 
concentrated orange juices, it is better to heat 
treat the initial single-strength juice before 

TABLE 4 

Number of D,cys Required for Development of ~ Clarification in 42° Brix Pineapple 
Orange Concentrates and 42° Brix Val.encia Orange Concentrates during Storage 

at Various Tanperatures 

Temperature Control-Unheated 150°F, 2 175°F, 2 

of storage lX 2X 3X 4X lX 2X 3X 4X lX 2X 3X 

flll§~le ·g;c§Jlgs:z 22ng~nt;c1!cg 
40°F. 3 l 1 1 13 13 10 7 1.3 10 10 
.30oy • 6 3 2 2 28 24 17 11 24 17 17 
20°r. 20 11 7 7 84 70 56 42 84 56 56 
10°F. >.378.3 182 84 56 >.378 >.378 >.378 >.378 >.378 >.378 >378 
- 80.F'. >658 >658 >658 >658 >658 >658 >658 >658 >658 >658 >658 

V§:l~ncin OJ:!!}£8 £S!llC!l!!lk!l:S! 

40°F. 8 6 6 4 35 21· 21 14 49 28 28 
.30or, 14 8 8 8 56 42 42 28 > 70 56 56 
20°F. 42 42 28 28 294 2.38 238 238 >294 294 294 
10°F. >.378 >.378 >378 .378 >378 >.378 >.378 >.378 >.378 >.378 >,378 
-8°F. >560 >560 >560 >560 >560 >560 >560 >560 >560 >56o >560 

4X 

8 
14 
42 

>.378 
>658 

21 
.35 

238 
>.378 
>560 

l Erlreme olaritication indicated bf light transmittance in the range of 85-loo,( tor centrifuged Juice, using 
LlllDetron 402-E oolorillleter, t 

2 Juice was heated at stated told .to t .. perature in 6 seoonds and cooled in 14 seconds, lX = 1 fold, 2X = 
2 told, etc, After heat treatment of juice at the respective told, the juice was concentrated to 55° Brix 
and out-back to 42° Brix with unheated pulpy Juice, 

3 \/hen extraae clarification was not evidant after a long period of time, this is indicated b)" tile 
11711lbol > , 
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concentration rather than after concentration 
to a higher fold. 

The results of this work raise questions as 
to how to improve the cloud or turbidity of 
concentrates and further investigations are 
planned to try to answer these questions. 

SUMMARY 

Periodic examinations were made of packs 
of 42° Brix Pineapple and Valencia orange 
concentrates stored at -8°, 10°, 20°, 30°, and 
40° F.; also for short-term storage at 80° F. 
for 24 hours. These concentrates had been 
made from either single-strength juice, heated 
to 150 ° or 175 ° prior to evaporation, or from 
2-, 3-, and 4-fold concentrates withdrawn dur
ing the evaporation of unheated juice and sub
sequently heated to these two temperatures. 
The heated juices and concentrates were then 
individually concentrated to 55° Brix and cut 
back to 42 ° Brix with unheated pulpy juice. 
Unheated control packs were also processed 
and stored. 

For both varieties of oranges, the best pro
tection against extreme clarification in the 
stabilized concentrates was found when the 
single-strength juice was heated and the least 
protection when the 4-fold concentrate was 
heated. The effect of heat treatment to 150° 

or 175° F. on the time necessary for the de
velopment of extreme clarification in these 
Pineapple orange concentrates was approxi
mately the same. However, a slower rate of 
clarification was evident in Valencia orange 
concentrates made from juices heated to 175° 
F. than in those prepared from juices heated 
to 150° F. 

The lower the temperature of storage of the 
concentrates, the longer was the period of 
time necessary for the development of an 
equal degree of clarification. 
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EFFECT OF THERMAL TREATMENT AND CON
CENTRATION ON PECTINESTERASE, CLOUD 

AND PECTIN IN CITRUS JUICES USING A 
PLATE TYPE HEAT EXCHANGE~ 

C. D. ATKINS, A. H. RousE AND E. L. MoonE 

Florida Citrus Experiment Station 

Lake Alfred 

The inactivation of pectinesterase by con
trolled thermal treatment of citrus juices and 
concentrates is the principal means used in 
producing stability of these products. It is de
sirable therefore, to determine the effects ot 
various means of heating on the inactivation of 
pectinesterase during' processing. Inactivation 

1 /Cooperative research by the Florida Citrus Com
mission and the Florida Citrus Experiment Station. 
Florida Agricultural Experiment Station Journal 
Series, No. 55i. 

of pectinesterase by the use of tubular-type 
heat exchangers with various heating temper
atures and times and with juices of different 
concentrations has been previously determined 
( 2). Similar results using a plate-type heater 
are not available, although a description of 
this type heat exchanger and its effect upon 
microorganism survival has been presented 
( 5). 

The purpose of this investigation was to 
determine the effectiveness of thermal treat
ment in a · plate-type heat exchanger on the 
inactivation of pectinesterase in orange and 
grapefruit juices with heating at various tern-. 
peratures and levels. of concentration. Include 
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ed is the effect ·of these variables on cloud 
retention and pectin content, factors that re
flect the degree of stability of the processed 
juices. 

EXPERIMENTAL PROCEDURE 

Preparation of the Juices and Concentrates 
for Heating.-The juices were prepared by ex
tracting the juice, pulp and seeds from the 
fruit using a Citro-Mat extractor. The seeds, · 
membrane and other large particles of fruit 
were separated by a rotating screen and the 
juice passed through a Food Machinery, Model 
35, finisher equipped with an 0.030-inch per
forated screen. The Valencia orange juice, 
pH 3.9, and seedy grapefruit juice, pH 3.3, 
contained 9.5 and 7.4 percent pulp by volume, 
respectively. The orange juice was concen
trated to 33 ° Brix ( 3-fold) and the grape
fruit juice to 29.5° Brix (3-fold). The concen
trated juices were poured into IO-gallon con
tainers and stored at -8° F. until needed. 
Prior to heat treatment, the concentrates were 
thawed rapidly by rotating in a thawer under 
tap water. Cool distilled water was added to 
obtain exactly 1- and 2-fold juices correspond
ing tQ 12° and 23° Brix for orange and 10.5° 
and 20.5° Brix for grapefruit. In addition to 
the grapefruit juices of varying folds prepared 
by diluting the concentrate, a grapefruit juice 
of 10.5° Brix, 10 percent pulp and pH 3.2, 
was heat-treated at various temperatures after 
the extraction and finishing procedures prior 
to concentration. 

Heating Equipment and Processing Pro
cedure.-A Walker-Wallace plate-type heat ex
changer similar to that described by Murdock, 
Brokaw, and Allen (5) was used for heat 
treatment of the 1- to 3-fold juices. These 
juices were pumped through the heat ex
changer at the rate of 2 g.p.m. Retention in 
the heat exchanger was 41 seconds which in
cluded preheating in the regenerative section, 
heating to the desired temperature, and par
tial cooling in the regenerative section of the 
heat exchanger. The 1- to 3-fold' orange juices 
were heated from 135° to 205° F. and the I
to 3-fold grapefruit juices at 125° to 195° F. 
in 10° increments. Samples of the 1- to 3-
fold products were stored in 6-oz. cans at 
-8 ° F. for analysis. · 

Analyses of Samples.-Pectinesterase activi
ty was determined on samples of 1- to 3-fold 
orange . and grapefruit juices by the method 

described by Rouse and Atkins ( 6). Pectin
esterase units were expressed as the millie
equivalents of ester hydrolyzed per minute per 
gram of soluble solids ( 0 Brix). Cloud was 
measured by percentage light transmittance 
through samples of single-strength and recon
stituted juices after centrifuging for 15 min. 
at 1700 r.p.m. in an International Centrifuge, 
Size 1, Type SB. Light transmittance values 
were obtained using a Photovolt Lumetron 
402-E colorimeter with 730 filter and 14 ml. 
cell ( 3). The degree of clarification, as de
scribed by Huggart, Moore, and Wenzel ( 4), 
in the orange juices as indicated by ranges of 
percentage light transmittance was as follows: 
0-59% = none; 60-69% = slight; 70-84% = 
definite; 85-100% = extreme. The degree of 
clarification for the grapefruit juices corres
ponding to ranges in percentage light trans
mittance as suggested by Atkins, Rouse, Hug
gart, Moore and Wenzel (1) was as follows: 
0-69% = none; 70-79% = slight; 80-89% = 
definite; 90-100% = extreme. Pectin, as an
hydrogalacturonic acid, was measured as de
scribed by Rouse and Atkins (6) with the 
modifications that the samples of reconstituted 
juices were not comminuted prior to centri
fugation and that the sample used for analysis 
was 15 grams of centrifuged juice or serum. 
Previous tests had shown that the amount of 
pectin, expressed as milligrams per 100 grams 
of serum, was approximately the same as the 
water-soluble pectic substances in the recon
stituted juice and is a major factor that de-

. termines the amount of cloud or turbidity in 
the juice. 

EXPERIMENTAL RESULTS AND D1scUSSION 

Pectinesterase activity of the unheated I
to 3-fold Valencia orange juices, containing 
9.5 percent pulp by volume, varied from 
0.0147 to 0.0171 units. Results given in Table 
1 show that when the orange juices at 1-, 2-, 
and 3-fold were heated to 165° F. more than 
90 percent of the enzyme was inactivated; 
however, when temperatures of 155° F. or 
lower were used the percentage of inactivation 
was smaller in the I-fold juice than that in 
the 2- and 3-fold products. Complete inac
tivation of the enzyme was obtained at 195° F. 
in the 1- and 2-fold juices and at 205° F. in 
the 3-fold juice. Light transmittance values for 
the reconstituted Valencia orange juices indi-
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cated good cloud in all of the products with 
no significant differences due to degree of 
concentration; a slight decrease in the light 
transmittance values occurred as the heating 
temperature was increased. The pectin con
tent of the 1-fold centrifuged juice increased 
from 19 to 23 mg./IO0g. as the temperature 
was raised from 80 ° (control) to 205 ° F. 
Similar increases in pectin were found in the 
2-fold and 3-fold orange juices indicating that 
higher temperatures for inactivation of pec
tinesterase increased slightly the pectin in 
these products, which resulted in a slight de
crease in the light transmittance values previ
ously mentioned. 

Pectinesterase activity of the unheated 1-
to 3-fold seedy grapefruit juices, containing 
7.4 percent pulp by volume, varied from 
0.0073 to 0.0124 units. Data presented in 
Table 2 indicate that heated grapefmit juices 
showed appreciably more inactivation of pec
tinesterase at the lower levels of concentra
tion when heating temperatures of 165° F. or 
lower were used; for example, in the 1- and 
2-fold juices over 75 percent of the enzyme 
was inactivated at 155° F ., whereas only 59 
percent was inactivated in the 3-fold juice. 
Complete inactivation of pectinesterase in the 
grapefruit juices was obtained at a tempera
ture of 195° F. The freshly extracted seedy 
grapefruit juice had a light transmittance 
value of 51 percent but after concentration to 
3-fold a value of 72 percent, which was with
in the range of slight clarification. After stor
age at -8° F. and preparation of the 1-, 2-, 
and 3-fold juices for heat treatment, the light 

transmittance values (Table 2) became 80, 
90, and 92 percent, respectively, correspond
ing to definite and extreme clarification. A 
very slight loss of cloud, indicated by increase 
in percentage light transmittance, accom
panied increased temperatures of heat treat
ment in the 1- to 3-fold juices. The pectin in 
the I-fold grapefruit juice increased slightly 
from 13 to 17 mg./100 g. as the temperature 
of heat treatment was increased from 125° to 
195° F. The 2- and 3-fold unheated juices 
with pectin of 7 mg./100 g. showed no change 
with heat treatment. Since these grapefruit 
juices at different folds had clarified prior to 
the heat treatment studies, and the subse
quent data obtained indicated a difference be
tween the pectin in the I-fold juice and the 
2- and 3-fold products, the effect of heat treat
ment on another single-strength grapefruit 
juice was determined. 

In Table 3 are given the light transmittance 
values and pectin for freshly extracted and 
finished seedy grapefruit juice with IO per
cent pulp before and after heating at tempera
tures varying from 135° to 205° F. This 
grapefruit juice had a light transmittance 
value of 63 percent, indicative of no clarifi
cation prior to heat treatment. After heating 
to 205° F., the percentage light transmittance 
had decreased to 55 percent, showing an in
crease in cloud during heat treatment of the 
juice. This increase in cloudiness was accom
panied by an increase in pectin from 30 to 38 
mg./100 g. These results were similar to those 
obtained during the heat treatment of I-fold 
Valencia orange juice, as shown in Table I. 

TABLE 1 

Thermal 
treatment 

•F. 

r.ootrol 

135 

145 

155 

165 

175 

185 

195 

205 

Ettect ot Tcpe:rature and Concentration on the Inactivation or Pectineateraae, Light 
Transmittance a.nd Pectin in Valencia Orange Juices 

1-fold (12° Brix) 2-fold (23° Brix) )-fold (33• Brix) 

lnacti- Light Pectin lnact1- Light Pectin Inacti- . Light 
vat1on transmittance vation transmitts.nae vation transnittanae 

% % mg./lOOg, % % mg,/lOOg. % % 

0 51 19 0 51 18 0 , 56 

13 48 20 22 47 21 20 5J 

39 47 20 48 45 21 49 50 

80 47 20 87 44 22 90 48 

91 46 21 _94 44 23 94 47 

97 45 21 95 43 23 95 47 

99 44 21 97 43 23 9? 46 

100 44 22 100 4.2 V. 99 44 

100 44 23 100 4.2 25 100 44 

Pectin 

mg./lOOg. 

17 

18 

19 

-20 

21 

21 

22 

23 

23 
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TllllJ: 2 

Uteot or TlllpC'&tur• ud C.Onoetration on th• loaotivation ot Poctineateraae, U,gbt 
Tra.naitt.noe and Pectin ia SMd;r Grapetrul.t JuicH 

1-tcld (10,5° BrilC) 2-told (20.5° Brix) ►told (29.5° BrilC) 

Thc,u.l Inacti- I.iiht f•otin Iaaoti-
treatment T&tion tra.naittaaco T&tion 

•r. % % ag,/lOOg, % 

Control 0 80 l) 0 

125 52 ~ 13 54 

135 69 83 l4 67 

145 73 83 l4 73 

155 77 84 l4 77 

165 79 84 l4 80 

175 84 84 l4 86 

185 98 83 15 96 

195 100 84 17 100 

TABLE 3 
E1'toot ot Temperature on Light Traasittanoe and 

Pectin in~ Grapetruit Juice 

Thermal Light Pectin 
treatment. t.raami t.t.anoe . .,. ~ ag./lOOg, 

Control 6.3 .30 

135 6o 31 

l4S 6o .3.3 

155 6o 3.3 

165 59 .3.3 

175 58 l4 

185 56 JS 

195 56 36 

205 55 38 

SUMMARY 

Relationships for heat inactivation of pec
tinesterase in 1- to 3-fold Valencia orange and 
seedy grapefruit juices using a plate-type heat 
exchanger are presented. Percentage inactiva
tion of pectinesterase increased in the orange 
and grapefruit juices with the temperature of 
heat treatment. Complete inactivation of pec
tinesterase was not affected by degree of con
centration of the juices. However, in the 
grapefruit juices where partial inactivation of 
the enzyme was desired, higher percentages 

I.iiht Pectin Iaacti- Light Pectin 
tranamittance Tation tranamittanoe 

% 111g./lOOg, % ~ mg./100,. 

90 7 0 92 7 

93 7 4l 93 7 

93 7 48 93 7 

93 7 53 93 7 

94 7 59 94 7 

94 7 64 94 7 

94 ? 85 94 ? 

94 7 9? 94 7 

9S 7 100 94 7 

of inactivation were obtained at the 1- and 
2-fold levels of concentration, but in the 
orange juices inactivation at temperatures of 
155° F. or below was less at the 1-fold level. 

The cloud and pectin in the orange juices 
at the various folds increased slightly with in
crease in temperature and this also occurred 
in a grapefruit juice heated prior to concen
tration. 

Results indicated a more rapid decrease in 
pectin and loss· of cloud during handling and 
concentration of seedy grapefruit juice than 
that which occurred with Valencia orange 
juice. 
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The processing of frozen foods in general 
and of fruits, vegetables and juices, in parti
cular, has progressed tremendously over the 
past five years. So much so, that, among the 
major processors, the plant practices vary only 
slightly for any one product. 

In most cases the methods were developed 
to assure the consumer a product which re
mains essentially unchanged from production 
to consumption. 

To achieve delivery of maximum quality 
to the consumer, one requirement is that the 
product remain essentially at zero Fahrenheit 
during warehousing, distribution, retailing and 
home storage. . 

Today we know that temperatures above 
zero are encountered at some points along the 
way. A team of Birds Eye technologists under. 
took the laborious job of surveying the tem
peratures · and exposure times encountered in 
each step of the warehousing and distribution 
system of frozen foods. (A Survey of Times 
and Temperatures in the Transportation, Stor
age and Distribution of Frozen Foods, as pub• 
lished in Food Technology, 1953, Vol. VII, 
No. 9, by A. M. Munter, C. H. Byrne and K. 
G. Dykstra.) 

Their efforts were concentrated in three 
major cities; namely New York, Philadelphia 
and Los Angeles. Commercial frozen foods 
were followed through transportation chan
nels ( 46 truck routes examined), warehous• 
ing ( 58 warehouse rooms studied), and the 
various distribution steps down to the retail 
cabinets (232 cabinets examined). Generally, 
both air and product temperatures were re
corded. In addition, selected loads were fol
lowed through an entire cycle in order to ob• 
tain information on typical holding times, in 
addition to temperatures. 

The first major examination dealt with 
temperature ranges encountered during trans• 
portation from either the plant warehouse or 
some adjacent temporary storage to the per-

manent area warehouse in New York, Phila
delphia or Los Angeles. 

Fig. 1 shows average case temperatures ar-
riving at the warehouse. · 

It is apparent that an average rise of ten 
degrees Fahrenheit occurs while in transport. 
A maximum in the average summer month 
may be as high as +12° F. Variations among 
individual case temperatures, however, are 
much wider, with some cases registering as 
high as -j-30° F. These temperatures were 
found particularly in poorly insulated trucks 
during the summer months. 

Fii, l 4VE!l.l<Z CASE ro1PERA'IIJRES DI FROZl'li ' 

FOOilS JJUIJVDI G lT J.RU WAREROOSI 

0 -1.---'-----'---
····1 

I I I I t I I ,- t I I I . • . 
~ 

. 
~ § k ~ .. i i ~ .. ~ 0. 0 . ~ ~ ~ ~ !. ... ... "" :,: ... .. 

Fig. 2 illustrates the distribution of tem
peratures found in the ultimate area ware
house rooms. Most of the rooms are between 
-5° F. and + 5° F., but 7 per cent of the 
product was stored at +10° F. or more. This 
doesn't seem like a bad picture, but one must 
keep in mind the length of storage in these 
warehouses. 

The next step in distribution consists cif as
sembling orders for daily delivery to retail 
outlets. Most public warehouses lease refrig
erated space to distributors or large retailers 
for the purpose of assembling orders for daily 
delivery to retail outlets. In many instances, 
th_e break-up rooms are not fully emptied each 
day. Hence, they also serve as temporary 
storage. 
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J'ig. 2 Tl!KPERATURE OF 1ROZEN J'OOD 'IWIEIICllSE ROOlfl many people are working in this area and it is 
human nature for them to keep the working 
area as warm as they can get away with. 

2!)-

18-

16-
f;.'l 
jg lli-I 12-

"" 10-
0 

I 8-

Ii: 6-

4-
2-

JS .:.10 -S o +S +10 +JS 
WUEHOUSE TEl!PERl 'IURE 

Fig. 3 shows the temperatures prevalent in 
these rooms. Obviously, a large percentage of 
product is exposed to temperatures well above 
+10°F. These temperatures by themselves 
would not be serious if only an eight-hour 
working day were involved. Actually, the 
product was found to be stored 15 to 20 days 
at temperatures in excess of 20°F. In another 
instance, the produce was stored at +40°F. 
for 24 hours. 

Very frequent opening of doors at this point 
makes it difficult to maintain 0°F. Usually, 

1'ic• 3 Tl!HPEl!An!RE OF FlllZJIJI FOOD Bmwt-UP ROOOI 

20 

4 

0 or +S +10 +lS. +20 +2S +30 abon 
belav +30 

ORD.!ll .ISS»mll' RX>MS 

The next step is product delivery to retail 
stores. Fig. 4 shows product temperature above 
25°F. for a significant percentage of samples. 
It is obvious that we have a bad situation here. 
This can be blamed largely on inadequate de
livery trucks and the unavoidable practice of 
loading orders in the afternoon for the next 
day's delivery. 

Fig, 4 T91PEH.t.1URE 01' FROZl!ll FOODS AIIUVJNG AT RETAIL ST0R;s 

2,-
20-

10-

s-

o or +S . +10 
belov 

PROWCT AT DILIVl!l!Y 

Next, the product temperatures in the retail 
cabinets were examined showing (Fig. 5) at 
least 30 percent of the products to be above 
+10°F. For the sake of comparison, (Fig. 6) 
the product temperatures at the bottom of the 
cabinets are shown. These are better, but still 
well above zero. 

Fig,. S 'ffl!PEH.t.1URE OF FIOZEH Fll(J)S lN RETAIL CABINE'IS (10P) 

0 or +S +10 +15 +20 +2S •30 abon 
belov ,>JO 

RETAIL WINE'IS - 10P 
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Pie, 6 TEMPERA'IURE OF FROZEN FOODS DI RETAIL CABINE15 (BO'lrCll) 
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RETAIL CABINETS - BOl"l'CJ! 

Finally, we should consider the tempera
tures encountered between customer purchase 
and consumption. Not much is known here, 
but we certainly feel that a sizable perc·ent
age of product is held 1-2 days in the re
frigerator (40°F.) or7-10 days in the freezing 
compartment (often at +15 to +20°F.). 

The results of this survey clearly show that 
under present conditions it is unrealistic to ex
pect 0° F. during warehousing and distribu
tion. 

The next question is: What harmful effect 
will these temperatures have on the product? 

As long as we are talking about fruits and 
vegetables alone, we can say that reducing 
quality to the point of inedibility would re
quire a drastic exposure to above-zero tem
peratures. 

Figs. 7 and 8 show the temperatures and 
times necessary to cause inedibility. You can 
see that the conditions . required to cause in
edibility are not encountered in the sum total 
of the warehouse and distribution tempera
tures. 

Fi&• 7 QUAI.I T'! IDSS IN OOJOO:MUI.L! FROZ!ll Vl!(EV.BLl!.S 
HEIJl IN EIEVATED TEMPERA'IIJRES FOR VARYINO LENGlllS 

OF t!ME. 

15 20 25 J:l 
DAIS 

r1,. e q1.u1n LOSS IN CC"JIERCII.LI.Y rro2&1 Fl!IJITS HEIJl 
IN Ell'IATED 7=E.'!A1'JRCS FOR VJ.RfIN G Ll'liOl!IS fr 

TIME 

Good 1.0 

Poor 2.0 
Enzymatic & CheJ11.ical 

DAIS 

Even a change from good to poor requires 
a lot of exposure as far as. vegetables are con
cerned ( see Fig. 7), and probably only a very 
small percentage of product changes from 
good to poor. This is not quite so true of 
fruits which will deteriorate from good to poor 
in 3 days at 45°F. · 

Some nutritional changes occur at a faster 
rate than organoleptic data would indicate. 
Fig. 9 shows that most vegetables lose 40 to 50 
per cent of their ascorbic acid content in 4 
months at l0 °F .-certainly not a very severe 
exposure. 

J'l.g, 9 LOSS OP' ASCORBIC .I.CJD IN FROZEN FOODS KELD 

Kr V.1.RIQJS TEMPERA'IURES 

storage Aocorbic Acid 

~ 4 Mo, 
Retention ~} 
~ ~ 

+10 so 10 10 
Aoparagus 0 100 90 1.00 

-20 100 lOS 105 

+10 45 )0 s 
Green Beam 0 6$ 9S 70 

-20 100 100 1.00 

+1.0 So 20 15 
Broccoli 0 80 8o 75 

-20 6$ 90 90 

Orange concentrate is somewhat more sen
sitive to the exposures encountered in distribu
tion and warehousing, while precooked prod
ucts such as meat pies and frozen dinners are 
the most sensitive. 

Figs. 10, 11, and 12 show the times re
quired for holding orange concentrate at vari
ous temperatures to result in an unsalable 
product. It is apparent that severe cloud loss 
will occur in l½ days at 35°F. for poor com
mercial juice, and in 20½ days for good com
mercial juice. Gelation sufficiently severe to 
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cause a customer complaint (a No. 3 gel) in 
poor juice will take about 6 days at 35°F. 
while in good juice it will take a very long 
time, if at all. Severe flavor loss does not be
come apparent at 35°F. even for poor juice, 
until about 2 weeks. 

While it is dangerous to generalize where 
orange concentrate is concerned, it appears 
. that temperature exposures will first create a 
loss of cloud, followed by gel formation , and, 
only after a long period, flavor loss. 

An attempt was next made to add up vari
ous exposures encountered in warehousing, 
distribution, and retailing to arrive at a total 
exposure equivalent for orange juice concen
trate. In order to make the exposures cumula
tive, we must bring them to a common tem
perature denominator, say 35°F. The time 
temperature curve (Fig. 10) required to pro
duce 50 per cent transmission was used to cal
culate . equivalent times at any temperature, 
using -35° F. as a base. With this conversion 
table, we were able to calculate the total 

equivalent 35°F. exposure to a hypothetical 
pattern of times and temperatures encountered 
in the transportation, warehousing, distribu
tion, retailing, and home storage of orange 
concentrate. 

Fig. 13 shows an example of fairly poor 
handling, though not necessarily an extreme 
condition . 

Even if only 0.1 per cent of the product 
were to go through these conditions, we would 
still be talking about 1,200,000 cans of con
centrate. The four major sources of high tem
peratures are clearly apparent: 

1. Transportation 
2. Break-up operation 
3. Retail store 
4. Home storage 

The shaded area under each of these spaces 
shows the estimated total time of exposure at 
each of the temperatures observed for these 
operations. A fifth, though rather small, ex-
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Fig. 13 HYPOn!ETICAL TIME • TEMPERATURE PATTERN FOR FROZEN CONCFNTRATEll 
ORANGE JUICE WHICH WILL RESULT IN1 

a. Potential Complaint 1n Retail Store (50% Transmission Value) 
b. Positive Complaint in Hane (113 Gel. Development) 
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posure is also shown for temporary storage 
between production and long distance trans
portation. 

The total equivalent of each step calculates 
to 142.5 hours or about a 6-day exposure at 
35°F. An examination of Fig. 10 shows that 
such an exposure will produce severe cloud 
loss and most likely a No. 3 gel in some com
mercial concentrates. The same slides show 
that properly protected concentrate will with
stand the total exposures described above. 

Fig. 14 shows the relative contribution to 
high temperature exposure of each step in 
warehousing and distribution. It is obvious 

that the operations centered around the break
up operation should get, and are getting, first 
attention. Improvements in refrigerator freezer 
compartments are also in progress. 

\Ve may conclude, therefore, that occasion
ally orange concentrate processed in Florida 
does not have sufficient protection built into 
the product to withstand the rigors of present 
warehousing and distribution practices. Al
though concerted efforts are being made and 
will continue to be made to improve distribu
tion practices, we feel it is up to the processor 
to pack his product so that it will withstand 
present-day handling. 

DRIED CITRUS PULP INSECT PROBLEM AND ITS 
POSSIBLE SOLUTION WITH INSECTICIDE

COA TED PAPER BAGS 

HAMILTON LAUDANI, DEAN F. 'DAVIS 

GEORGE R. SWANK, AND A. H. YEOMANS
1 

Stored-Product Insects Laboratory 

Savannah, Georgia 

During the early days of processing citrus 
pulp into animal feed, the bulk of the feed 
was disposed of immediately. Very little, if 
any, went into storage. With the recent ex
pansion of the citrus juice concentrate indus
try, and the demand for a continuous supply 
of citrus pulp and meal animal feed, year
round storage became necessary. Long-term 
storage has created a serious warehouse insect 
problem because citrus pulp and meal are 
very susceptible to insect infestation. 

Why is the insect problem serious? 

Insects pose a serious problem to the animal
feed producer for several reasons. The feed 
actually can be destroyed by insects or its 
composition changed so that the feed is un
desirable from a handling standpoint or un
acceptable to the animals. The presence of in
sects in a1;1y food makes the commodity un-

1 /The authors are with the U. S. Department of 
Agriculture, Agricultural Marketing Service, Market
ing Research Division, Stored-Product Insects Sec
tion, Savannah, Ga. 

desirable to shippers, warehousemen, and the 
consumer because of the danger of spreading 
the infestation to other commodities in the 
vicinity. 

Insect s7Jecies involved 

During the past 3 years the authors have 
. conducted surveys in several dried-citrus-pulp 

storage warehouses throughout Florida and 
determined what insect species are infesting 
the various types of pulp that are stored. 
These studies have shown that the saw
toothed grain beetle, Oryzaephilus surinamen
sis ( L.), is the primary species almost always 
associated with the coarse grind pulp. The 
cigarette beetle, Lasioderma serricome ( F.), 
is the species which most commonly attacks 
pellets and fine-grind meals. The Indian-meal 
moth, Plodia interpunctella ( Hbn.), the An
goumois grain moth, Sitotroga cerealella 
( Oliv.), the Mediterranean flour moth, Ana
gasta kuhniella (Zell.), and the alm0nd moth, 
E7Jhestia cautella (Wik.), are commonly 
found in the coarse material but have been 
found in the fine-grind meals at some loca
tions. Other insect species which have been 
found in dried citrus pulp are the confused 
and red flour beetles, Tribolium confusum 
Duv. and T. castanettm ( Hbst.), and the flat 
grain beetle, Laemophloeus pusillus ( Schonh). 
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Control measures being used 
Based on the results of the surveys de

scribed above and on previous experience with 
similar food products, several recommenda
tions were made to the citrus industry for use 
in combating its warehouse insect problem. 
Many of the industry members are practicing 
the following recommendations: 

1. Sanitation. Before moving new material 
into storage, thoroughly clean the warehouse. 
Sweep down walls, rafters, beams, and other 
parts of the building where old feed or dust 
can lodge. Remove all accumulated refuse 
from the warehouse. Clean up spillage and 
trash near the warehouse. Burn, bury, or re
move from the premises all refuse collected 
in these operations. 

2. Residual sprays. Apply a residual DDT, 
methoxychlor, or TDE spray to the interior of 
the empty warehouse, covering floors, walls, 
beams and ceiling; to the outside of the build
ing on the walls up1 to a height of 6 to 8 feet; 
and to the ground to a distance of 6 feet from 
the building. Use these insecticides at a con
centration, of 2.5 percent applied at a rate of 
2 gallons per 1,000 square feet. This concen
tration can be obtained by adding 1 quart of 
a 25-percent emulsifiable concentrate or 1 
pound of 50-percent wettable powder to 2J~ 
gallons of water. 

3. Warehouse practices. Block-stack all 
bagged feed. Leave aisles between blocks. 
Never place stacks against the wall. 

4. Periodic application of aerosol. Aerosol 
applications should be started as soon as the 
first load of dried pulp is placed in the ware
house and applied each week for the duration 
of the storage period. Applying insecticides in 
the form of an aerosol is relatively inexpensive, 
rapid, and very effective in getting good dis
tribution in a filled warehouse. Aerosols must 
be considered only as a . preyentive measure, 
not a cure. Their purpose is to kill the insects 
before they can infest the stored feed. Once 
the insects get a foothold, particularly those 
that work deep into the bags, the aerosol ap
plications are not very effective since they 
contact only those adults that crawl on the 
surfaces or fly above the stacks. 

The mechanical aerosol generators generally 
produce larger insecticide particles than the 
thermal type and are, therefore, more suitable 
for use in warehouses that are not very air 

tight. The larger particles settle out fairly 
quickly and do not travel far from their source. 
These two factors make it necessary to "walk" 
mechanical aerosol dispensers through the 
larger warehouses in order to get good dis
tribution. On the other hand, the thermal 
aerosol generators are capable of dispensing 
the insecticide in the form of very small par
ticles which stay suspended in the air a rela
tively long time and travel a long distance 
before settling out. These two factors insure 
a good distribution of the insecticide through
out a large warehouse, provided it is fairly air 
tight. Size of the warehouse, number to be 
treated, type of construction, personnel avail
able, and other factors should be considered 
when selecting the type and size of the aero
sol generator. 

The most suitable insecticide formulation to 
be used depends on the type of generator 
available. For the mechanical type the follow
ing formula is recommended: Pyrethrins (0.5 
percent by weight), synergist (piperonyl but
oxide, sulfoxide, n-propyl isome, or MGK 264-
5.0 percent), tetrachloroethylene ( 50.0 per
cent), and deodorized kerosene ( 44.5 per
cent). This should be applied at the rate of 1 
pint per 10,000 cu. ft. of free air space in the 
warehouse. For the thermal type of generator 
the following formula is recommended: Pyre
thrins ( 0.2 percent by weight), synergist ( 2.0 
percent), tetrachloroethylene ( 50.0 percent), 
and deodorized kerosene ( 4 7 .8 percent). This 
should be applied at the rate of 2½ pints per 
10,000 cu. ft. of free air space in the ware
house. The generators should be set for small 
particles, about 5 to 10 microns mass median 
diameter. The aerosol should be released into 
the building from the windward side so that 
good distribution will be obtained. 

For the past two years, many of the pro
ducers have followed to some degree the 
recommendations given above. The preven
tive measures taken have greatly helped in 
keeping down the infestations but have not 
been entirely effective. The reasons for most 
of the failures have been interruptions in the 
aerosol schedule and the introduction of bad
ly-infested pulp or other animal feed into the 
warehouse. As mentioned before, Jhe insecti
cide which is presently being recommended 
and used is not effective for controlling insect 
infestations under such adverse conditions, 



LA UDANI, -ET AL: INSECT PROBLEM 193 

but should be used to prevent the establish
ment of an infestation in clean feed. 

Limitations in 'insecticides which · can be used 

Why cannot a more effective insecticide be 
used? Animal feed is considered a processed 
commodity and therefore falls. under the juris
diction of Section 406 of the Food, Drug, and 
Cosmetic Act. It should not contain any in
secticide residue, because no tolerances have 
yet been established for such products. The 
necessity for protecting the feed against insect 
damage has been recognized and therefore 
the use of synergized pyrethrum, which is 
relatively non-toxic to humans and animals 
and has tolerances established for similar uses, 
is temporarily permitted. Steps should be 
taken to establish a tolerance in citrus pulp 
as soon as possible. 

There are a number of other insecticides 
available which might be· more effective in 
preventing an insect infestation. Before they 
can be recommended to and used by indus
try, however, much basic work has to be con
ducted to determine ( 1) their effectiveness to 
prevent or control the insects . involved; ( 2) 
the residues produced in feed when the in
secticides are applied in the quantity and fre
quency required to give satisfactory insect con
trol; and ( 3) whether these residues are 
harmful to the animals or to the consumer of 
the milk and meat. These detailed data must 
be obtained and presented to the Food and 
Drug Administration for consideration before 
these materials can be recommended for use. 
Research on these phases of the problem is 
being conducted at the present time on a limit
ed scale. It is hoped that the work can be 
expanded. 

Insecticide-coated multiwalled paper bags 

Because of the above-mentioned limitations 
and restrictions, the immediate answer to the 
citrus-pulp insect problem is the use of insect
resistant paper bags. Large-scale testing of 
insecticide-coated bags for the protection of 
flour and other foods was started in 1948-49 
at the request of the Office of the Quarter
master General, U. S. Army. These tests 
showed that bags coated with synergized 
pyrethrum, methoxychlor, or lindane were ef
fective in preventing flour from becoming in
fested for 9 to 12 months, even when exposed 

to very heavy insect infestations ( Laudani 
and Davis, 1955). Subsequent tests confirmed 
these results and also showed that insect-tight 
closures and treated thread and tape were 
necessary to obtain maximum protection (Da
vis and Laudani, 1956). Based on the results 
of these tests, the use of pyrethrum-coated 
multiwalled paper bags for packaging flour 
was accepted by the Food and Drug Admin
istration and the U. S. Army Quartermaster. 
The ultimate use of lindane and methoxychlor 
will depend upon whether these two materials 
migrate through the bags and, if so, to what 
extent. Tests are now underway tq obtain this 
information. The substitution of either of these 
two materials for synergized pyrethrum will 
reduce the cost of treated bags significantly. 

Tests have been conducted also to evaluate 
the protection rendered by the insect-resistant 
treatment on burlap bags. The results have 
shown that little or no protection results from 
using the insecticides which are presently per
missible for this use. 

Tests with treated bags containing citrus pulp 
Storage tests were conducted to determine 

specifically whether multiwalled paper· bags 
coated with.the recommended insecticide coat
ing (5 mg./sq. ft. of pyrethrins plus 50 
mg./sq. ft. of piperonyl butoxide) would pro
tect bagged citrus meal against insect infesta
tion. The test bags and citrus meal were sup
plied by the Minute Maid Corporation, Plym
outh, Florida, and the storage tests were con
ducted at and by the Savannah Stored-Prod
uct Insects Laboratory. 

The insecticide-treated kraft paper bags 
were obtained from regular commercial stock 
and wsre of 100-pound capacity, 4-ply, and 
the open-mouth type. The bags used as con
trols were exactly the same except that no in
secticide treatment was present. 

The citrus meal was fumigated with methyl 
bromide to make certain that the feed was 
insect-free. As each test bag was filled, it was 
closed by sewing through untreated paper 
tape which was folded over the open end of 
the bag. 

The bags were stored in a room which had 
a very heavy infestation of 15 species of stored
product insects, including those previously 
listed as commonly infesting citrus pulp. 

Inspections were made after 3, 6, 9, and 12 
months of storage. Each inspection consisted 
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of sampling four treated and four untreated 
bags to determine the level of insect infesta
tion and the number of insect penetrations in 
each bag. As shown in Table I, no insect 
penetrations were present · on any of the 
. treated bags, whereas a total of 24 and 60 
penetrations were present on the untreated 
bags at 9 and 12 months respectively. The 
calculated infestation in the treated bags was 
7 and 24 insects at 9 and 12 months, respec-

lively, as compared with 48 and 1,246 insects 
in the untreated bags. , 

Based on the results of the tests described, 
the recommended insect-resistant bag should 
have 5 mg./ sq. ft. of pyrethrins and 50 mg./ 
sq. ft. of piperonyl butoxide on the surface of 
the outer ply of multiwalled paper bags and 
synergized pyrethrum-treated thread and tape 
with a tape-over-stitching closure. · 

Table 1. Insect penetrations counted and insects estimated in 

insecticide-treated and untreated paper bags containing 'citrus 

pulp and. exposed for 1 year in a room heavily infested with 

stored-product insects 

Bags 

1 . .••.•.......•..•... ~ . : 

2 •••••••••.••••••••••••• : 

3 •••••••••••••••••••••• : 

4 ••••••••••••••••••••• .-: 

Total . ................. : 

1 . ..•.•........•....•.. : 

2 •••••••••••••••••••••• : 

3 •••••.•••••• •·• ••••••••• : 

4 •••••••••••• .•••••••••• : 

Total •••••••••••••••••• : 

Insect penetrations :calculated infestation 

Treated Untreated Treated 

Number Number Number 

After 9 months' exposure 

0 

0 1 0 

0 8 7 

0 ~ 0 

0 24 7 

After 12 months' exeosure 

0 21 8 

0 20 0 

0 7 7 

0 _g 0 

0 60 15 

Untreated 

Number 

17 

0 

14 

__ll 

48 

625 

516 

37 

_§§ 

1246 
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The continuous protection rendered over a 
period of one year by insect-resistant bags of
fers many advantages. First, the protection 
given by insect-resistant bags extends from 

. producer to the consumer: while in the pro
ducer's warehouse, during transit, while in the 

' wholesaler's or retailer's warehouse, and while 
in the consumer's storage bin. Second, the use 
of insect-resistant bags eliminates the expen
sive space treatments and preshipment fumi
gations; thus, the protection obtained is not 
only greater but considerably less costly. Third, 
the use of insect-resistant bags will practically 
eliminate the discarding of the badly-infested 
end-of-the-year stock and the costly moving 

of infested stock out of warehouses where new 
feed is to be stored. Fourth, by keeping the 
feed insect-free, the insect-resistant bags will 
maintain the high feed value and physical 
quality of the citrus pulp. Fifth, by maintain
ing the feed insect-free, the use of insect
resistant bags will tend to increase the deal
ers' and consumers' acceptance of the product 
as an animal feed, and will make it a more 
acceptable product to warehousemen. 
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PROGRESS REPORT ON CANTALOUPE 
VARIETIES 

B. F. WHITNER, JR. 

Central Florida Experiment Station 

Sanford 

The cantaloupe industry is growing, with 
an annual value in excess of fifty million dol
lars. With the development of a melon that 
will consistently produce a high quality fruit, 
we can expect an even greater demand. 

There is a gradual increase in the acreage 
planted in .Florida despite the risk entailed in 
their production. Some of the problems faced 
by the grower have been alleviated or solved 
by the introduction of varieties resistant to one 
or more diseases. New fungicides and insecti
cides have helped much. lfowever, before our 
state can rope to develop a really large scale 
cantaloupe production, we must have varieties 
more suitable to our conditions. 

The high humidity of Florida and the coastal 
regions of the southeastern part of our country 
offer particularly hard problems to solve. 
Diseases attacking vines and fruit are often 
severe. A healthy vine is necessary for the 

production of quality fruit. In the past a solu
tion or partial solution to one problem has left 
another· to assert itself. The introduction of 
the Smith Perfect with its considerable resist
ance to downy mildew, increased the length 
of vine life, permitting powdery mildew to be
come destructive. Mr. Frank Van Haltern of 
the Georgia Experiment Station made an out
stariding contribution by combining, in Georgia 
47, a resistance to both downy mildew, pow
dery mildew, and some lesser diseases. Then 
gummy stem blight ( M ycosphnerella melonis) 
showed its remarkable power of destruction. 
No variety seems to offer any resistance to it. 
Then, often when melons have been brought 
successfully to maturity, fruit rots, soil or 
airborne; take a heavy toll. 

Vagaries of the weather, temperature and 
rainfall, soil type, horticultural practices and 
the ability of the grower to bring about favor
able conditions are very pointedly involved 
in successfully producing this crop. 

Florida needs varieties that are vigorous and 
hardy, high yielding, and adaptable to as wide 
a range of moisture conditions as possible. 
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The melon should have (I) high edible quali
ty, (2) pleasing appearance, (3) shipability, 
unless grown solely for local consumption. 

Homegarden, recently released by the 
Mississippi Experiment Station, has good quali
ty and has resistance to the mildews. Some re
sistance to leaf eating worms and aphids is 
claimed. Its appearance is not uniform and 
its use will probably be limited to that sug
gested by its name. 

Rio Gold, introduced by Dr. G. H. Godfrey 
of the Texas Experiment Station located at 
Weslaco, is the only very recent addition to 
varieties which has attracted much attention, 
here, as possibly suitable for shipping. At its 
best, it can be very nice. Typically it is oval, 
weighs two and a half to three pounds, is 
fairly well netted, has a pleasing yellow back
ground, shows a slight suture, has thick pink 
flesh, a small sometimes not very dry cavity, 
a_nd a satisfactory flavor. It has resistance 
though not immunity to both downy and 
powdery mildews. Very good yields have been 
reported. Dr. M. W. Hoover, of the Florida 
Experiment Station, last fall reported beautiful 
growth and a good yield of nice appearing, 
but insipid melons. An early crop grown com
mercially near Gainesville, during the past 
spring, was excellent and found a ready 
market. Dr. Hoover's crop, somewhat later, 
after a considerable rain, had little flavor. Mr. 
J. C. Noonan of the Sub-Tropical Station at 
Homestead reported a high yield of insipid 
fruit. Dr. J. M. Crall of the watermelon and 
Grape Laboratory, Leesburg, reported that 
Rio Gold, along with PMR 45 were the most 
promising of ten lines tried. Mr. D. G. A. Kel
bert of the Gulf Coast Experimental Station, 
writes that Rio Gold seems to have the best 
possibilities of any new variety, at Bradenton, 
and places it second only to PMR 45. Mr. C. 
Fred Andrus, of the Southeastern Vegetable 
Breeding Laboratory, U.S.D.A., at Charleston, 
South Carolina, has been much interested in 
this variety and is selecting promising lines 
from it. H~ feels, at present, that it is not suit
able for shipping. At Sanford, the Central 
Florida Experiment Station trial plots, planted 
very late, showed Rio Gold leading all intro
duced varieties ,in number of fruit set; no 
variety matured fruit satisfactorily. 

Conditions in the Sanford truck farming 
area offer peculiar advantages and disadvan
tages for growing and breeding cantaloupes. 
The shallow soil, underlaid by hard pan and 
easily sub-irrigated generally brings luxurious 
vine growth. However, the surface of the 
ground, shaded by vines and dampen_ed by a 
shower, dries out very slowly and offers the 
moist warm condition that is most favorable 
for disease development. Inoculum seems 
present in super abundant quantity. To pro
duce satisfactory fruit it is necessary to mature 
a crop early, before late spring or early sum
mer rains. Since the melon is a heat loving 
plant, this is not easily done. On the other 
hand, since conditions are favq,rable for disease 
development, it is an excellent location for 
detecting resistances, a great help in develop
ing new varieties suitable for Florida. Other 
sections of the State enjoy more favorable con
ditions for production of this crop. We have 
many areas with good drainage, greater depths 
of soil and where the surface soil dries out 
more quickly after a rain or an irrigation. 

A change in horticultural practices may 
help and entail less risk in growing the varie
ties that are available. Planting midway on 
the south side of a ridge will give a tempera
ture advantage and an earlier maturity. The 
feasibility of using a plastic sheet on the row 
to keep the. fruit from touching the soil is be
ing tried. i\ black plastic will also absorb more 
heat units. If we can't bring Mohammed to 
the mountain maybe we can bring the moun
tain to Mohammed in this business of varieties. 

At present Hales Best 36 and Hales Jumbo, 
Rio Gold, PMR 4.5, Smith Perfect and a few 
Georgia 47 are being grown commercially in 
Florida. County Agent, Donald W. Landers 
reports that the past dry spri11g enabled grow
ers at lmmokalee to produce and profitably 
market a fine crop of Hales Best and Hales 
Jumbo. He states that next year probably some 
Smith Perfect and Rio Gold will be added. 
County Agent, 0. M. Maines, Jr., reports that 
the recent crops in Sumter County were Hales 
Jumbo and Imperial 45 (PMR 45). He says 
a much larger acreage is being planned for 
next year, which will be mostly the latter and 
Rio Gold. Dade County planted the greatest 
acreage grown in Florida. PMR 4,5 was the 
leading variety, but some of each of several 
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others were included. County Agent, W. C. 
Farrell, reports that a "Dukes Mixture" of 
varieties were planted in Levy County. Al
though no report has been receive? from 
Marion County, some good crops of canta
loupes have been grown there, the best seen 
hy the writer, being PMR 45. A small plant
ing of Georgia 47 in Seminole County did 
fairly well. These varieties which we are try
ing to get along with are the result of many 
years of labor by plant breeders, working with 
introductions of cultivated or wild melons 
from many parts of the world. The plant in
troduction service rendered by the U.S.D.A. 
has played a most important role. Most of this 
breeding work was carried on in the west 
where weather conditions are very different 
from those existing in Florida and the south
eastern section of the country. For several 
years most of the Experiment Stations in the 
southeastern states have been making some 
effort to bring forth improved varieties, suit
able to our area. Among these have been Texas 
No. 1, Georgia 47 and Rio Gold. Two or three 
years ago the U.S.D.:A. recognized the poten
tial economic importance of this crop and in
augurated a breeding program centering in 
the Southeastern Vegetable Breeding Labora
tory at Charleston, South Carolina. Not only 
will the efforts in the several southern states 
be coordinated, but a great deal of work will 
he carried on there, and will be tied in with 
that being clone in other parts of the country. 
Facilities for doing this work at the Charles
ton Laboratory are considerable. For instance, 
during the approaching winter, large numbers 
of seedlings will be tested in the greenhouse 
hoping to find one or more showing resistance 
to gummy stem blight. During the summer, 
in field tests for various resistances or for de
sired qualities, about 1000 varieties or lines 
have been grown for observation. As often as 
the demand seems to warrant, "Southeastern 
Trials'' are conducted. In those trials, any 
State Experiment Station may enter a prom
ising line for evaluation by all interested parti
cipants. The results are collected, tab1.ilated 
and a report sent to those participating or in
volved in variety trials at their home Stations. 
Eight lines were entered last spring from 
Louisiana, Mississippi, Florida, . Virginia, 
Georgia, and South Carolina. Hesults. are not 
yet available. 

The Florida 27-13, a cross between Smith 
Perfect and Georgia 47, submitted by the 
Central Florida Experiment Station, was tried 
independently at Bradenton, Homestead, Lees
burg, Gainesville and Sanford. Reports from 
these plantings do not indicate that it is satis
factorv for a shipping melon. It is rather soft 
and ~ould probably be used only for local 
markets. It is a vigorous grower, fairly uniform, 
medium large, of good flavor, a high yielder, 
resistant to both mildews, and some other 
foliage diseases. 

Several other crosses and selections, being 
grown at Sanford, show promise, but none 
have reached the stage for wide spread test
ing. Some will be of value for further selection 
or crossing if not suitable . for release in their 
present state. In addition to Smith Perfect and 
Georgia 47, several others have been used as 
parents. In the fall of 1947 a volunteer vine 
was found on a ditch bank some hundreds of 
yards from where the spring variety trial plots 
had been located. It had survived the summer 
heat and rains and was clean and vigorous. 
Three very nice melons matured, from which 
the seed were saved. This was the beginning 
of cantaloupes breeding at Sanford. For three 
or four years selections were saved from this 
stock, but no planned crosses were made and 
no selfing done. Sanford 9, a promising looking 
melon from this ditch bank stock has been 
used as a parent in the majority of the crosses 
made since then. Other stocks used, have been 
Weslic0 27-forerunner of Rio Gold, PMR 
45, PMR 5, and an Ethiopian Rock melon. 
Seed from a Virginia line of the latter is on 
hand at Sanford for crossing in the greenhouse, 
this winter. Except for size, this melon is said 
to combine more desirable characteristics than 
any other yet found, multiple disease resist
ance, high quality, good net and general at
tractiveness. 

In the breeding plots seed is saved from a 
particularly fine fruit even though it was not 
hand pollinated. The progeny from such mel
ons may have to be grown for many genera
tions before recapturing the qualities for which 
it was selected, and to reach an acceptable 
degree of uniformity. This may not be ac
complished at all because of the practical 
limitations that exist. Large populations are 
required to allow the laws of chance to com
bine the desired characteristics in one plant. 
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The same need for large plantings applies also 
for the planned crosses. Increased facilities and 
trained personnel could be expected to ap
preciably lessen the time before improved va
rieties can be placed in the hands of our grow
ers. There is even good reason to hope that 
before many years hybrid seed may be of
fered to the grower, bringing the same advan
tages of yield and quality now enjoyed by the 
growers of hybrid com. 

Dr. M. W. Hoover, of the Main Station, is 
studying the maturity of a melon over a 

. period of many days to ascertain how early it 
may be picked and possess desirable quality 
and appearance. This will be of great value 

and can help us to handle, ship and market 
more intelligently. His studies also include the 
processing of surplus quantities so that they 
may enjoy a market similar to that of citrus 
concentrates or other frozen · foods. Several 
varieties are being used and progress has been 
made. Such information will be of great help 
in determining the value of a variety. 

There is an increasing desire on the part of 
the growers of Florida to add cantaloupes to 
their list of cash crops. With the expanded re
search projects now under way, the leaders 
of these projects feel that a greatly improveq 
melon can and will be developed in the near 
future. 

PHYTOTOXICITY OF FUNGICIDES 
TO CANTALOUPES 

RoBERT A. CoNOVEH 

Sub-Tropical Experiment Station 

Homestead 

Cantaloupes have been attracting much in
terest among Dade County vegetable growers 
in recent years. Prior to 1953 acreage in Dade 
County was not listed separately in the An
nual Statistical Summary of Florida Vegetable 
Crops. In 1954 and 1955 Dade was the lead
ing Florida county in acreage and production 
of cantaloupes. It has been conservatively es
timated that 850 acres were grown in 1956, a 
40% increase over the preceding year. 

Many problems beset the cantaloupe grow
er. Perhaps the chief of these is the Jack of a 
variety well-adapted to Dade County condi
tions which produces large yields of high quali
ty fruits. Size of melons has been . distressingly 
small at times, and premature defoliation has 
reduced yields. Serious disease problems are 
presented by downy mildew (Pseudoperonos
pora cubensis ( Berk & Curt.) Rostow.) and 
powdery mildew (Erysiphe cichoracearum 
DC). Either disease can literally destroy a 
crop of cantaloupes during a few days of un
favorable weather in the absence of adequate 
control measures. Both diseases are often 
found in a given field. Downy mildew may be 
controlled by timely applications of zineb, 
nabam+zinc sulfate, maneb, or nabam-j-

manganese sulfate. Unfortunately, these fungi
cides are only partly effective against powdery 
mildew. Powdery mildew may be controlled 
by an organic fungicide known by such trade 
names as Karathane, Iscothane, and Mildex. 

In general, Dade County formers have been 
rather successful in controlling the mildews al
though sprays must be applied twice-weekly 
under some conditions. But it has been evident 
that something was persistently causing slight 
but cumulative injuries, or occasionally severe 
injury to the vines. With the variety of fungi
cides and insecticides used on melons, it has 
not been possible to determine in the field the 
factor or factors responsible for the injuries. 

An experiment was conducted in the spring 
of 1956 to determine if fungicides commonly 
used on cantaloupes were injurious. The treat
ments compared are listed in Table I. Thir
teen applications of the downy mildew fungi
cides were made on an approximate 5-day 
schedule beginning April 11. Karathane was 
added to the downy mildew fungicides the last 
four applications except in treatment No. 5 
where it was added each application. Sprays 
were applied in the afternoon with a tractor
drawn power sprayer. Lindane or parathion 
was added to each treatment to control insect 

· pests. The Powdery Mildew Resistant 45 va
riety was used with cultural care provided 
similar to that used by commercial growers. 
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Table 1. :srfect of Certain Fungicidal TreatMnts on Yield· or Cantalo11pe•. 

Treat-
aent Funsicide•* u•ed for Marketable z!eld• {crate•LA.: 
lfo. Do'lllly lli.ldev control Powdery .. ·Jli.ldev control Large Med. Slllall Total 

1 ]{one None 23 71 68 162 
2 lfone lCaratbane {as needed) 17 46 

'38 
66 129 

3 ]{o. 6 a. 7 alternated None 4 54 96 
4 II' II II Karathane (as needed) 5 16 72 93 
5 II II Karathane (every application) 6 33 61 100 
6 nabe.11. + Jotl 504 Karathane (as needed) 0 9 41 50 
7 nab!lll + Zn S04 " " 12 61 92 165 
8 :maneb II " 1 25 62 88 
9 zineb II .. 27 74 98 199 

10 'l'hioneb none 2 26 63 91 
11 B-622 Karathane (as needed) 51 73 116 240 

Least Significant Difference~ 5i level 26 21 24 37 
II II II 

@ li level 35 28 32 50 

Dosages per 100 gal. were: nabam (191,) 2 qts.; Mn s04 (m=ganese aul.tate) 1 lb; 
Zn SQli. (zinc sulfate) 0.75 lb; maneb (701,) 1.5 lbs; zineb (65i) 2 lbs; '.rhioneb 
{Naugatuck) 2 lbs; B-622 (Chemagro Corp.) 2 lbs. for·ll applications and at 3 
lbs. tor two applications; Karathane 8 ounces for first 3 applications and at 
12 ounces thereafter. 

Injury from the carbamate fungicides was 
evident before the third spray was applied 
and it became progressively more severe dur
ing the course of the experiment. Zineb was 
least injurious and the slight injury it caused 
would probably be unnoticed in most seasons. 
Nabam+zinc sulfate was definitely more in
jurious than zineb but was much less toxic 
than maneb or nabam. + manganese sulfate. 
Injury from alternating nabam+zinc sulfate 
with nabam+manganese sulfate was inter
mediate between the injury noted from these 
materals used alone. Karathane did not cause 
apparent injury. Of the experimental ma
terials, B-622 was non-injurious and plots 
sprayed with this material were outstanding in 
vigor and appearance until the mildews be
came active. Thioneb caused injury similar in 
appearance and degree to that caused by 
maneb. 

Injury from the zinc-fungicides (zineb, 
nabam+zinc sulfate) was apparent as small 
white spots scattered over the leaves in a 
spray-droplet pattern. Only occasional leaves 
were affected by a· given spray. Upon aging 
these leaves yellowed and dried-up prema-

turely. This was particularly noticeable. in the 
center of the row. 

Two types of injury resulted from applica
tions of the manganese-fungicides ( maneb, 
nabam+manganese sulfate). In one, buff
colored spots were distributed over the leaves 
in spray-droplet pattern. Except for color these 
were similar in appearance and severity to 
those caused by the zinc-fungicides. The other 
and more severe type of injury appeared first as 
faint yellowish-bronze blotches in the leaves. 
In a few days the blotches became more prom
inent, the leaves developed a scorch and dried
up. This type of injury caused marked defolia
tion following certain sprays and was largely 
responsible for the adverse effect of these 
fungicides. 

It was apparent during· the test that certain 
applications resulted in much more injury than 
others. Observations suggested several factors 
that might be responsible. Injury of the leaf
blotch-scorch type caused by the manganese
fungicides seemed to follow applications made 
on cloudy, rainy days when the spray did not 
dry rapidly. After the initial injury, progress 
into the leaf scorch stage appeared to be most 
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rapid when hot dry weather followed two to 
three days later. The plots were located in an 
area surrounded by a windbreak. As a result 
of the shading, some replicates received longer 
exposure to the sunlight in the afternoon than 
others. The most exposed replicates showed 
somewhat more defoliation than did the repli
cates shaded for a part of the afternoon. 

Downy mildew did not become a problem 
until shortly before harvest. Even though it 
eventually defoliated the check and B-622-
sprayed plots, it had comparatively little ef
fect on yields and melon size. Because of the 
sparseness of foliage due to injury - in other 
plots, conclusions could not be made as to the 
relative effectiveness of the other fungicides 
on downy mildew. 

Powdery mildew was found in the B-622-
sprayed plots before it appeared in the check 
plots and it was necessary to use Karathane to 
control the disease. Powdery mildew was 
present only in trace amounts in . the other 
treatments. ' 

The . adverse effect certain fungicides had 
on the crop is clearly shown by the yields of 
marketable melons (Table 1) . Total yields, 
percei1tage marketable, and proportion of 

larger-sized melons were also depressed in di
rect relation to the amount of damage caused 
by the fungicides. 

It is apparent from these results that car
bamate fungicides may cause slight to severe 
injuries on cantaloupes with deleterious effects 
on yield arid size of melons. Fortunately large 
differences were found in the _ phytotoxicity of 
fungicides known to control downy mildew. 
This point is important because a fungicide 
must be used to control downy mildew if a 
profitable crop is to be produced. The results 
of this test indicate zineb is the safest of the 
fungicides recommended for downy mildew 
control. Karathane, used to control powdery 
mildew, also appears to be safe for use on 
cantaloupes. 

These results, obtained in Dade County, do 
not necessarily apply to other cantaloupe
growing areas of the state. Indeed, the evi
dence indicates they do not, because injury of 
this extent has not been reported by other Ex
periment Station. workers also engaged in can
taloupe research. But it is · significant that 
under some conditions the manganese-fungi
cides particularly can cause severe damage to 
cantaloupes resulting in premature defoliation 
and low-yields of small-sized melons. 

IRRIGATION OF SEBAGO POT A TOES AT 
·HASTINGS, FLORIDA 

DONALD L. MYHRE 

Florida Agricultural Experiment Station 

Potato Investigations Laboratory 

Hastings 

INTRODUCTION 

The average rainfall in the Hastings area 
during the potato growing season, January 1 
to May 31, is about 14 inches. This amount of 
rainfall would be sufficient to grow a good 
potato crop if it were distributed evenly; how
ever, irrigation is necessary during dry periods 
to supplement the natural rainfall and main
tain a near optimum soil moisture level. 

Florida Agricultural Experiment Station Journal 
Series, No. 644. 

Assistnnt Soils Chemist, Potato Investigations 
Laboratory, HastinRs, Florida. 

The water furrow method of irrigation is 
used extensively in the· production of potatoes 
and other vegetable crops grown in the sandy 
soils in the Hastings area because it is more 
economical and convenient to level the land 
for furrow irrigation than to use sprinklers. 
Furrow irrigation is more satisfactory and ef
ficient in a leveled field than in an irregular 
field where high spots are under-irrigated and 
low spots, over-irrgated. V- or U-shaped fur
rows occupying 2 rows and running parallel 
with the rows are made with a water furrow 
plow and are spaced every 12, 16, 20, or 24 
rows. These furrows are important also for the 
rapid removal of water from heavy rains which 
are likely to occur sometime during the winter 
and spring growing season. The chief disad
vantage of the water furrow method of irriga
tion is the loss of some land area. About 14, 
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11, 9, and 8 percent of the rows are used for 
furrows if a field is laid out in 12-, 16-, 20-, 
and 24-row beds, respectively. 

Most of the irrigation water is obtained from 
flowing artesian wells. However, many electric 
pumps have been installed on artesian wells 
during the last two years because of low or 
insufficient flow during the growing season 
when the demand for water was greatest. 
Artesian water is run into a main ditch which 
is perpendicular to the rows on the highest 
side of the field. The water is conveyed to the 
water furrows by 2-, 4-, 6-, or 8-inch pipe and 
allowed to run through the furrows. The 
height of water in · the furrows can be ad
justed by metal dikes; the number of dikes 
used depends on how level the field is. The 
loss of irrigation water which runs out of the 
furrow at the low end of the field is another 
disadvantage of the water furrow method, but 
the loss can be reduced by regulating the rate 
of flow into the water furrow and by using 
dikes in the furrows. 

Many vegetable farmers are able to deter
mine when to irrigate by using past experience 
as a guide and by examining the soil in the 
ridged row and bottom of the alley to get some 
indication of the need for water. 

The purpose of this study was to determine 
the effects of various soil moisture levels on po
tato yields and net returns. 

EXPERIMENTAL PROCEDURE 

A water furrow irrigation experiment was 
set up in 1955 and continued in 1956 in three 
16-row beds on soil which is predominantly 
Bladen loamy fine sand with small patches of 
Leon and Portsmouth fine sand. In 1954 the 
organic hardpan under the Leon "white caps" 
was broken and incorporated with the topsoil 
by a bulldozer blade and the field was leveled 
and limed with rn tons per acre of dolomite to 
give a pH of about 5.5. 

The different soil moisture levels were ob
tained by running artesian water through every 
other furrow adjacent to the 16-row beds. 
Artesian water was maintained in the irriga
tion furrows with dikes to a level of about 4 
inches from the top of the row during the 
growing season except after heavy rains when 
the dikes were removed to allow excess water 
to drain through the furrows. Therefore, the 
furrow on one side of each bed was used for 
both irrigation and drainage while the other 

furrow was used only for drainage. A moisture 
gradient across the bed was obtained and each 
bed was divided into four 4-row plots which 
were arbitrarily called very high, 'high, medi
um, and low moisture levels. The soil moisture 
content was estimated on an oven-dry basis in 
both years and the tension was measured in 
1956 by a tensiometer consisting of a pressure 
gauge and a fine porous ceramic tip attached 
to a tough plastic tube filled with water. The 
tip of the tensiometer was placed about 6 
inches below the top of the l'idged row. About 
75 percent of the potato roots appeared to be 
in this top 6-inch layer of soil. 

In 1955, moisture plots were subdivided to 
include the following pounds per acre of fer
tilizers: (A) 1,700 of 6-8-8 at planting and 700 
of 6-8-8 at 40 days; ( B) "A" plus 200 of ni
trate of soda-potash at 58 days; ( C) "A" plus 
1,000 of 6-8-8 at 18 days before planting; and 
( D) "C" plus 200 of nitrate of soda-potash at 
58 days. In the following year, the moisture 
plots were subdivided to include the follow
ing pounds per acre of fertilizers: (A) 2,400 
of 6-8-8 at plantings; ( B) 1,700 of 6-8-8 at 
planting and 700 of 6-8-8 after emergence; 
(C) "B" plus 700 of 6-8-8 two weeks before 
planting; and ( D) "A" plus 200 of nitrate of 
soda-potash at midseason. 

In 1955, the fertilization plots were split to 
include the following pounds per acre of whole 
seed: (a) 1,470 or rn-ounce seed at IO-inch 
spacings, and (b) 2,450 or 2-ounce seed at 
8-inch spacings. In the following year, the 
pounds per acre of 2-ounce seed were: (a) 
3,267 at 6-inch spacings; (b) 2,450 at 8-inch 
spacings; and ( c) 1,960 at IO-inch spacings. 

Sebago seed potatoes were planted by hand 
· at the correct spacing in 40-inch rows on 
January 10, 1955, and January 17, 1956. Po
tatoes were harvested May 16, 1955, and 
May 15, 1956 and were graded into U. S. IA 
and lB sizes. 

RESULTS AND DISCUSSION 

Rainfall.-The distribution of rainfall dur
ing the 1955, 1956 and the average of the last 
11 potato growing seasons is given in Table I. 
A drought occurred during the last part of 
February and the first part of March of 1955 
in which the total rainfall in 45 days was 0.51 
inch. In 1956 a similar dry period occurred 
during ~1arch and the first part of April in 
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which the total rainfall was only 0.4,3 inch. 
The dry period in 1955 caused only a slight 
retardation in growth because it came early 
in the season after several rains. However, the 
1956 season could be characterized as one of 
extremes which resulted in a soil moisture defi
cit for tuber development during the drought 
in midseason and a saturated soil condition 
after heavy rains just before harvest. 

TABI.3 1.- Distribution of Rainf::ill. durinf" the Potato Growing Se3:,on1 
at tbe Potato lnvestig«tions Laboratory, HA.stings, Florida. 

Month Rainfall in Inches 
-i946-19 0 lOSS lOSh 

Janu..'\ry 1,99 ).Jo 2.21 
Februar-J 2.;9 2,)9 2.l.O 
March ),,6 1.47 ,)9 
A!)rll 3,18 2.0) 4.62 
J,.~').V 2.71 2.10 4.12 

TotA.l 11,qr; 11.-2 l • 
Avera e 2,7Q 2,2f... 2,75 

Moisture Measurements. - A soil moisture 
gradient occurred across each 16-row bed due 
to the continuous presence of water in a fur
row adjacent to one side of the bed and the 
lack of water in the furrow on the other side. 
This gradient was much more apparent dur
ing dry periods and also later in the season 
when the moisture requirements for tuber de
velopment and expansion were highest and 
when transpiration was greatest. The soil 
moisture content on an oven-dry basis in 1955 
and 1956 fluctuated with rainfall but varied 
from about 6 percent in the rows near the 
drainage furrows to about 15 percent in the 
rows near the irrigation furrows. The averages 
of three tensiometer readings for most of the 
1956 season in each of the very high, high, 

TABLE 2.- Effects of Different Soil Moisture Levels and Seeding Rates on 
Sebago Potato Yields and Returns at Hastinr,s, Flcrida in 1955. 

Moist~e Yield Cwt. 
Level u. 1B Gross Net 
Very 1,341 ~ 774 
High 1 228 ~--1 284 7 

1,453 864 
High l 8 847. 

1 18 Jli1t_: 
281.7 281 302 1 431 843 

Medium 1 
1 . 2 1 1,411 

Low 18.' 2 1 
21.8 2 1 

1Very high= 2nd and Jrd row from irrigation furrow; High= 6th and 7th row; 
Medium= 10th and 11th row; Low= 14th and 15th row. 

2Plots fertilized with following lbs./A of 6-8-8: 1,700 drilled at planting 
on Jan. 10 and 700 sidedressed after emergence. Planted mole seed in 40-inch rows: 
24.5 cwt./A = 2 oz. seed at 8-inch spacing; 14.7 cwt./A = l½ oz. seed at 10-inch 
spacing. 

3Yields calculated from 2 center rows of 4-row plots, 25 rt. long, replicated 6 
times. 

4Includes the following costs: seed, $3.35/cwt.; grading and sorting seed, 
$0.24/cwt.; fertilizer, $2.42/cwt.; and all other gro~t.i.ng ·costs, $134.67/A as 
reported for 1955 by Donald L. Brooke in Fla, Agr, Exp. Sta. Mirneo Rpt. 56-7, 1956. 

5Total harvesting costs estimated at $1.00/cwt, for digging, picking labor, 
grading, packing, containers, hauling, and selling commission. 

' 
~eturns of $4.84/cwt. for U.S. 1A and iJ,26/cwt. for U.S. 1B potatoes based on 

average of daily quotations as reported by J. 3. Miller in Marketing Florida Potatoes, 
U.S,D,A. Agr, Mktg, Ser., June, 1955. 
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medium, and low moisture plots were equiva
lent to a head of 146, 202, 264, and 282 
centimeters of water, respectively. 

tato yields for 1955 and 1956 are given in 
Tables 2 and 3, respectively. 

Potato Yields.-The average yields for the 
entire 1.5 acre experimental area were 283 
and 282 hundred-pound sacks per acre of 
U.S. IA and 1B potatoes in 1955 and 1956, 
respectively. Data for only one fertilization 
treatment, 2,400 pounds per acre, are pre
sented in this paper because only small dif
ferences in yield occurred due to fertilization 
treatments. The relations between different 
soil moisture levels and seeding rates on po-

The highest yields of 284.2 and 297.0 
hundred-pound sacks of U.S. IA potatoes in 
1955 and 1956, respectively, were obtained in 
the high moisture plots. The lowest yields of 
240.6 hundred-pound sacks of U.S. IA pota
toes in 1955 occurred in the very hlgh mois
ture plots and the lowest yield of 217.8 sacks 
in 1956 occurred in the low moisture plots. 
These results indicate that a medium to high 
soil moisture content is necessary for highest 
yields, but a low or very high moisture level 
should be avoided. 

TABLE J.- Effects of Different Soil lioisture Levels and Seeding Rates 
on Sebago Potato Yi~lds and Returns at Hastings, Florida in 1956. 

Moisture Seed, Calculated Returns A 
Levell Cwt. A2 u.s. Gro¼'in Gross Net 

32.7 2 3. . 314 .., 0 ' 1,223 ~ 20 
Very 24.5 267 284 287 1,227 656 
High 19.6 2 266 2 7 1 6 

Avera e 2 288 284 1 
32.7 2 314 326 1,379 

High 24.5 294.4 284 316 1,351 
19.6 266 27r. 1 

Avera 238 0 1 
32.7 314 317 1,334 

J.!edium 24.5 280.4 284 294 1,270 
19.6 2 266 2 1 

. Averaae 288 2 l 
32.7 314 274 1 

Low 24.5 234 252 1,066 
l .6 266 2 2 

Avera e 288 2 1 

1Very high= 2nd and 3rd row fran irrigation furrow; High 2 6th and 7th row; 
Nedium = 10th and llth row; Low= 14th and 15th row. 

. 2Plots fertilized ~rith following lbs./A of ~8-8: 1,700 at planting on Jan • . 17 
and 700 after emergence. Planted 'Whole seed in 40-inch rows: 32.7 cwt./A = 2 oz. 
seed at 6-inch spacing; 24.5 Cht./A m 2 oz. seed at 8-inch spacing; 19.6 cwt./A a 

2 o~. seed at 10-inch spacing. 

3Yields calculated from 2 center rows of 4-row plots, 11. ft. long, replicated 6 
times. 

4Includes the following ·costs: seed, $3.35/cwt.; grading and sorting seed, 
$0.24/cwt.; fertilizer, $2.56/cwt.; and all other growing costs, $134.67/A as 
re[)orted for 1955 by Donald L. Brooke in Fla. Agr. Exp. Sta. Himeo Rpt. 56-7, 1956. 

5Total harvesting costs estimated at tl.00/cwt. for digging, picking labor, 
grading, packing, containers, hmtlirig, end selling cormnissior.. 

l>aeturns of $4.42/cwt. for U.S. lA and ~2.24/cht. for u.e. 1B potatoes based on 
average cf daily quotations e.s reported by H. s. Stiles in Marketing Florida 
Potr,,toes, u.s.D.A. Agr. i~tg. Ser., p. 7, 1956. 
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Returns.-The returns for 1955 and 1956 
are also given in Tables 2 and 3, respectively. 
The gross returns are the product of the yield 
and the average price for the season. The net 
returns were determined by subtracting the 
growing and harvesting costs from the gross 
returns. Both the gross and net returns are 
calculated or theoretical values used for pur
poses of making relative comparisons. The ac
tual returns would be slightly less than the 
calculated returns because not all of the U.S. 
J.A and U.S. lB size potatoes were marketable 
due to tuber imperfections. 

The highest net returns per acre of $864 
and $751 in 1955 and 1956, respectively, were 
obtained in the high moisture level plots which 
were planted with 24.5 hundred-pound sacks 
per acre of seed. 

CONCLUSIONS 

A water furrow irrigation experiment was 
conducted in 1955 and 1956 in an old, rejuve
nated, leveled field of predominantly Bladen 

loamy fine sand. Results indicate that yields 
of U.S. IA and lB Sebago potatoes grown in 
sandy soils in the Hastings area can be in
creased to at least 300 hundred-pound sacks 
per acre by maintaining a high but safe soil 
moisture content throughout the entire grow
ing season. A steady moisture supply appears 
to be desirable because tubers are less likely 
to have deformities and "growth cracks." 
These high potato yields require the carrying 
out of certain other practices, in addition to 
maintaining adequate soil moisture. These 
other practices include the following: breaking 
the organic hardpan under Leon "white caps" 
and incorporating it with the topsoil; leveling 
the land to a uniform, slope of 1 to 3 inches in 
a distance of 100 feet; having sufficient ditches 
to remove excess water; liming the land with 
dolomite to a pH of about 5.5; using about 25 
hundred-pound sacks per acre of both seed 
and 6-8-8 fertilizer; controlling ·potato insects 
and diseases; growing a good summer cover 
crop, such as sesbania or sorghum; and em
ploying good cultural practices. 

USE OF CERTAIN HERBICIDES IN FIELDS 
OF GROWING TOMA TOES - PROGRESS 

REPORT 

JOHN C. NOONAN 

Sub-Tropical Experiment Station 

Homestead 

The increase in tomato acreage on Dade 
County rockland soil and the difficulty of 
carrying on the usual weed control practices 
on this soil has made the problem of weed 
control acute. High weed populations have 
forced land abandonment after five to six years 
of cultivation with subsequent opening of new 
land. Dade County is rapidly being depleted 
of new land suitable for vegetable production. 

Both monuron (known as CMU) and diuron 
have been investigated for possible use in 
citrus culture ( 2). Each has shown advantages 
and disadvantages in initial and long-term ef
fectiveness, tree tolerance and cost. Generally, 
diuron is less toxic to the trees and more re-

Florida Agricultural Experiment Station Journal 
Series, ~umber 545. 

sistant to leaching. Monuron provides better 
immediate results after application under low 
rainfall conditions and costs less. The dosage 
requirements of both chemicals are about the 
same. 

Roberts ( 4) has shown the monuron, a sub
stituted urea, proved effective in killing seed
ling weeds without injury to carrots or red 
beets at rates up to 0.5 pounds per acre. These 
experiments showed that certain crops were 
nnaffected by application · rates of monuron 
sufficiently great to control a number of com
mon annual weeds. They also showed that suf
ficient monuron remained in the soil after a 
period of several months to cause injury to' 
susceptible crops. · 

Ahamine and Nakasone ( 1) have demon
strated that an application of monuron at the 
rate of five to six mgm per four-to six-inch pot 
effectively controlled the growth of Oxalis 
corniculata L., one of the most serious weed 
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pests i11 ml'hid l'Uit11rt·. tor a jlLTiod of lll'arh 
a n·ar " ·itho11t injuring straplt'at a11d !t' rl'k 
vandas. (·attle~·as a11d denclrnhi11111s. 

Thl' rl'sults ohtai11ed from thl· use of 111,111u
ron 011 citrus. carrots. ht'ds and orchids 
prnmpted its t·xpl'rinwntal 11se 011 Sl·t•dli11~ 
,,·el'ds in rock land tomato He Ids ( :3). T" o 
formulations of substituted 1in·as \H-' IT usl'd 
in this t>\periment: mo11moi1 ;3_ ( p-chloro
pllt'11d )-1. I dimdhdmt-'a a11d diuron :3- ( :3. 
-4-dich lornphem·I) -1. I cli11wil1durea. TIH'\ 
\\'t'rl' formulatl-'d as SO percvnt acti\'l' in
!.(redie11t. Diurnn is , l'I'\ i11soluhll-' and co11sid
;. rahll' diffi cu lt\· ,,·as c;1cm111ttTl'd. \\ 'hl'II a!.(i
tatio11 ceased. · it settled rapidh in the L111k 
and spra,· booms. · 

\\ 'ht·11 proper prl'cautions \\ 'l'rl-' takt·11 . 011t·
fourth pound of 11Hmuron or di11ron ]lt'I' acre 
co11trol!t·cl !.(enni11ati11~ seeclli11!_(s ,,·ithont harm 
to tomato ]~!ants. 1-Im:•ever. t01;1ato plants ,,·ne 
senTeh- damaged if the materials co11tacll-'d 
am· part of the pla11t. Directional lcm·-pn·ssu1T 
spra, in~ 1wrmittl·cl I he applil'ation of the ma
terials to the soil ,rnrfo ce ,,·itlw11t contact "ith 
tlw tm11ato plant. 

The ma terials ,n·n, applied \\·ith a com
mercictl tomato spra,·l-' r ,,·ith the hori zo ntal 

spra, hoon1s lmn·n:d to apprn\imall'h· St.\ 
inches abm·<· th(' uro 1111d surfoc<-' . Th<· dis
ta11c-l' bdw<'<'ll ro,,-t,,•as seven fel-' t. The boom 
,, ·, 1s six-frd !011!_( and fitted ,,·ith Hvl' :\'o. -4 
clisc-hpL· nozz le~ . Tlw 11ozzks ,,-en· arranged 
to spra, · thl' <·11lirl' middlt· and within <·ight 
i11 clws of thl' pla11t rm,·. The spraver pn•ssttrt• 
was reducecl to .'i0-60 psi. Approximately 75 
_!.(allo11s of ,,·at<'r 1wr acre was rcquin·cl to thor-
011l_!hh- llloistc11 tht' soil surface. The mate rials 
,,.L:n. ·applif:'d following tlH' last fertilization or 
··faY-ln tinw." Th<' plots \\ 'l'lT irrigal<'d the 
pn·l·t·cling: night. 

Thn°l' sets ot plob of -'i.:2 ,1c n ·s p<'r plot 
,, ·t·n· treat( •d duri11cr thl' \\·inte r a11d spring. 
.-\dn·rse .,, eatlll'r c~11cliti011s prcvc11tl'cl vielcl 
n·(·orcls from hl'ing kept. Fil'ld No. I was froz
en complete h-; tfrld :\'o. :2 survived the frost 
hut "as sen•n·h- i11jurecl; a11cl fi e ld :\'o. :3 was 
haclh· clamagt·d ln· a \Yi11d and rainstorm. 

\\ 'hile a complete census of Wl'eds accord
ing to specil's ,,·as not atl<' lllpted. :28 diHerent 
hrnacl-ll'afrcl plants a11d 11 grasses a11d sedges 
\\'lTl' 11oticl'cl 1,hilt· making ti ll' \\Teel counts. 
Th(' rnckland tomato !_(ro,n·r i., most cll'sirous 
to co11trnl both pig,,·e~d Sjll'l'ies ( A.11w1w1tl111.1· 
spp.) a11cl rac;\\l'<·d I A111lm1si11 11r/!'111isifolia 
L.) 

The photograph was taken of the monuron plot fiv e weeks aftpr trea tment . The left half is the chl!ck 
plot and the right half the treated plot. 
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Check 
Monuron 
Diuron 

FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

Materials Applied 12/14/55 
Two weed counts 

12 30 55 1/27/56 
Weeds acre 'f, Control Weeds/acre 
705,672 2,526,480 
178,596 74 518,364 
130,680 81 522,720 

Cultivation* 792,792 

*Cultivation was necessary three times after "lay-by time". 

Check 
Monuron 
Diuron 

Field# 2 

Materials Applied 2/23/56 
Weeds co\.mted 3/27/56 

Total weeds/plot 'f, Control 
7,753,680 
3,354,120 57 
2,613,600 66 

Amaranthus* 
2,090,880 

827,640 
566,640 

'f, Control 

79 
79 
68 

'f, Control 

60 
73 

*The Amaranthus count was taken to determine what differences there 

m1ght be in the materials on control of this weed. 

Field# 3 

Materials Applied 3/15/56 
· Weeds counted 4/19/56 

Check 
Moi:J.uron 
Diurori 

Total Weeds/acre 'f, Control 
226,512 

Amaranthus 
39,2o4 
15,681 
20,037 

'I, Control 

59 
49 

95,832 58 
91,476 59 

Total weed counts show field variation in 
regard to weed population. Field No. I had 
been in tomato production for three seasons; 
field No. 2, five seasons; and field No. 3, two 
seasons. Seedlings became noticeable in the 
monuron plots in approximately five weeks 
and at the end of seven weeks were noticeable 
in the diuron plots. Growers have indicated 
that if the weeds could be controlled for six 
weeks, they would not seriously affect the to
mato crop. 

The materials do not kill weeds in the 
tomato row nor do they have much effect on 
weeds past the fourth leaf stage. They do 

stunt the larger plants and cause chlorosis for 
a time. A dosage or toxicity test showed that 
the materials may be applied to the soil sur
face at 0.5 pounds per acre without noticeable 
damage to the tomato plants. Some chlorosis 
and stunting of new growth was noticeable 
at the 0.75 pounds per acre rate and the toma
to plants were killed at the 1.50 pounds per 
acre rate. 

Both monuron and diuron have been ex
tracted from the fruit. Fruit has been sent to 
the DuPont laboratories for analysis to deter
mine tolerances to comply with the "Miller 
Amendment." It is hoped that approval for 
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use of the material in established tomato fields 
will be forthcoming. 

Monuron and diuron can be used effective
ly for partial weed control of germinating seed
lings. The cost of materials is negligible when 
compared to cost of cultivation. Best control 
was obtained when the materials were applied 
shortly after irrigation. The materials appear to 
fix on the soil particles in approximately 24 
hours under moist soil conditions. Some factors 
which influence the effectiveness of monuron 
and diuron have yet to be discovered and 
solved. For example, it is not known why some 
applications, although subjected to seemingly 
identical conditions, appear to give more ef
fective control than others. These treatments 
were applied during a dry period, but it is 
not known what might have been the effect 
of three or four inches of rain shortly after 
application. 

SuMMARY-Monuron and diuron, substituted 
ureas, can be used successfully to control seed
ling weeds which germinate in tomato fields 

after the last fertilizer application. The value 
of control by chemicals is enhanced by the 
difficulty of normal cultivation practices in 
rockland tomato fields. The most satisfactory 
combination of factors for applying monuron 
and diuron are: 0.25 pounds of the 80% ac
tive material, low nozzle pressure ( 50-60 psi), 
no wind to minimize the danger of drift, a 
moist soil surface, straight tomato rows and 
level ground. The spray droplets will burn the 
plant at the point of contact. The spots resem
ble gray leaf spot. Monuron and diuron will 
kill the tomato plant when sprayed on the 
foliage. 
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CROP PRODUCTION IN SOIL FUMIGATED 
WITH CRAG MYLONE AS AFFECTED BY 

RATES, APPLICATION METHODS 
AND PLANTING DA TES 

D. S. Buncrs AND A. J. OvERMAN 

Gulf Coast Experiment Station 

Bradenton 

Soil fumigation and its relationship to in
creased crop yields have been under con
tinuous study by the various branches of the 
.Florida Experiment Station for the past dec
ade. At the Gulf Coast Station new chemical 
soil fumigants are evaluated each season to 
determine if additional crop yield or addi
tional quality results from their use. After a 
chemical shows promise, it is then that the real 
testing begins to· find answers to questions 
such as: (I) what is the rate per acre which 
will give a maximum response: (2) . what is 
the best method of applying the material so 
as to obtain the best effect at the optimum 

Florida Agric ultural Experiment St.,tion Journal 
Series No, 526, 

rate; ( 3) how soon can plants be set or seed 
sown following treatment; and ( 4) why does 
the introduction of the chemical into the soil 
result in increased plant vigor and/or produc
tion? The first three questions can be answered 
by plant response and the last by testing soil 
samples in the laboratory. · 

Crag Mylone ( 3,5-Dimethyltetrahydro-l, 3, 
5, 2 H-thiadiazine-2-thione) was first tested in 
observational plots in the fall season of 1952. 
Applied broadcast as a drench at the rate of 
50 pounds per acre over rows seeded to toma
toes and collards, it gave good control of 
weeds and the collards germinated in a normal 
fashion. The tomato seeds were killed. Crag 
Mylone (Crag 974) has since been tested on 
field crops and seedbeds and the results of 
these testings have been given in the Florida 
Agricultural Experiment Stations Annual Re
ports for 1953, 1954 and 1955. 
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In the spring season of 1956, it was decided 
to initiate a test with Crag Mylone which 
would definitely establish an optimum rate, 
method of application and minimum time in-

. terval between treating and planting. Carrots 
and peppers were chosen as test crops since 
carrots are tolerant of Crag Mylone and very 
sensitive to root-knot, whereas peppers are 
sensitive to the chemical and somewhat tol
erant of root-knot. Since previous work had 
shown mixing to be superior to drenching and 
sealing superior to not sealing, the material 
was mixed into all plots and half of the plots 
were rolled immediately. Each 50-foot plot 
was 4-feet wide so that a row of carrots and a 
row of peppers could be planted on it. Each 
crop row was divided into 10-foot sections. 
These sections were planted at intervals of 1 
day, 3 days, 6 days, 8 days ·and 10 days after 
treating. 

The plots were marked out . and fertilized 
on February 24 at the rate of 3000 lbs. of 4-8-
8 fertilizer per acre applied broadcast. On 
March 5 the field received two inches of 

water by an overhead irrigation system. On 
March 6 Crag Mylone was applied on the soil 
surface as a dry solid with a fertilizer dis
tributor and mixed to a depth of eight inches 
with a Seaman Tiller. The per acre treatment 
rates and application methods were as follows: 
1) Check-not rolled; 2) Check-rolled; 3) 
100 lbs. of Crag Mylone-not rolled; 4) 100 
lbs.-rolled; 5) 150 lbs.-not rolled; 6) 150 
lbs.-rolled; 7) 200 lbs.-not rolled; and 8) 200 
lbs.-rolled. On March 7 the first 10 foot sec
tion in each plot was seeded with a row of 
carrots (var. Danvers) and a row of peppers 
(var. Yolo Wonder). 

Germination counts based on 3 linear feet 
of row were made on the carrots on March 26. 
These counts showed no difference in stand 
between rates of material used ( Table 2). The 
slight reduction in plant count associated with 
the 200 pound rate of Crag Mylone is a re
flection of chemical injury to germinating seed 
at the first planting date ( Table 1). There was 
no reduction in stand resulting from rate or 
method for any other planting date. Reduc-

'l'Able l. Det,,. ShOl'·irig Effect of Rate or. Cr!lg Mylone on· 
Pl11nt StAn1 of CArrots and Peppers for 

5 Pl11nting DAtes - Sum of 8 Plots 

Carrots Dete I II III IV 
Check 380 583 501 617 
100 444 574 656 777 
150 428 595 565 781 
200 174 412 576 697 
Sum (LSD 5% 399) 1426 2104 2298 2872 

Peo era 
Check 
100 
150 
200 
LSD 5{ 

Check 
100 
150 
200 
LSD 5~ 

342 300 366 318 
153 30~ 381 376 

86 255 374 340 
19 148 402 405 
78 

Table 2. Plant Deta on C11rrots BAsed on 3 Rates 
of' Crog Mylone - Sum of 40 Plots 

Av. wt. of 
Rootknot RA tings• Gennilllltion Counts Plant (Cha.) 

Seedlinas Harvest Av.No.Pl:mts oer Plot Seedlings Meture 
4.20 4.86 65,60 1.17 67.23 
1.26 1.44 77.83 .94 59.50 
1.79 1.44 75.18 1.15 67.28 
2.13 ,36 62,75 ,96 69,10 
1.47 1.20 NS'D NSD NSD 

•severest ~ting wuld be 8,00 where1.1s best 1"11ting would be zero. 

V 
543 
662 
638 
651 

2494 

31S 
354 
334 
383 

.Mature 
Len11:th 

in inches 
5.5 
5.6 
5.8 
5.8 

.2 
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tion in plant stand must be considered to have 
resulted from chemical injw·y as damping-off 
fungi were not active. 

On Mav 7 the carrots were thinned. Thin
ning had 'been delayed as long as possible in 
order to obtain more mature plants and thus 
have more reliable root-knot and plant weight 
data. Indications of a high degree of control of 
root-knot nematode were found with these 
seedlings (Table 2 ) . There were no differences 
in plant weights regardless of ra te. There were 
no differences between treatment methods. 

Final harvest data taken on June 21 showed 
no significant differences in crop yield ( av. 
wt. of mature plan t ) which could be correlated 
with rate, method of trea ting, or time of seed
ing. The average length of carrots grown in 
plots receiving tl1e 150 and 200 pound rates 
was significantly greater than that obtained 
from the check or 100 pound ra te plots (Table 
2 ) . Had the carrots been culled on a basis of 
root-knot damage (Fig. l ), fully 20 percent 

of the check plants would have been dis
carded. Rolling versus non rolling was not sig
nificant as regards ra tes or planting dates. 

Germination data for peppers were taken 
in the same manner as for carrots. No evidence 
of damping-off was observed, so differences 
are attributed to chemical toxicity. The signi
ficant reduction in seedling numbers in b·eated 
plots occurred in the first and third clay plant
ings (Table 1). Method of treating made no 
difference to the production of pepper seed
lings. 

The peppers were tl1innecl on May 17. One 
hundred plants from each 10 foot planting 
elate plot were weighed. Plants in the 150 and 
200 pound rate plots of the first planting date 
and in the 200 pound rate plots of the second 
planting elate were significantly smaller and 
had never recovered from the orginal chemical 
injury. 

Galls of rootknol nematodes were not pres
ent on the roots of the pepper seedlings al-

Fig. 1. Control of Root -knot on Carrots Resulting from use of Crag Myl one. Photo by D. G. A . Kelbert 
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though the check plots showed evidence of in
jury resulting from the attack of ectoparasitic 
types. No further data were taken on the 
peppers. 

The results of this study indicate that little 
if any residual of Crag Mylone remains in the 
soil 6 days after treating with rates up to 200 
pounds per acre. Crag Mylone gives a high 

degree of control of root-knot nematode for 
approximately 15 weeks following treatment 
at 100 pounds per acre. A rolled seal follow
ing mixing did not increase the effectiveness 
of Crag Mylone over unsealed plots. 

(This work was assisted by a grant-in-aid 
from the Carbide and Carbon Chemical Co.). 

BREEDING OBJECTIVES AND THE EST AB
LISHMENT OF NEW BREEDING LINES 

OFSOUTHERNPEAS 

A. P. Lonz 

Florida Agricultural Experiment Station 

Gainesville 

Our interest in the improvement and insight 
into the economic possibilities of southernpeas 
began about 1949 when a crowder type 
brought from Korea by E. M. Meader of the 
New Hampshire Station attracted our atten
tion. 

The Korean Crowder, because of its excel
lent vigor and yield and remarkably well-filled 
pod type, was so favorably considered that 
operations designed to increase the seed supply 
for release of this item in Florida were begun. 
Release plans had to be abandoned, however, 
because it was soon noted that, notwithstand
ing its excellent vigor in the absence of cer
tain soil organisms it was, after all, a poor 
crop risk, for it succumbed quickly in a field 
where a complex of root-knot and sting nema
todes, as well as Fusarium wilt and Sclerotium 
Rolf sii, was demonstrated. 
· California No. 5 Blackeye showed some re

sistance to this complex of organisms and con
taminants in a Korean Crowder planting, re
sulting from apparent transmission of Blackeye 
derived pollen, persisted an appreciable period 
of time after the bulk of the plants in the field 
had succumbed. It was from this observation 
that the idea of combining the excellent yield 
potential of the Korean Crowder with the 
superior disease-resistance of some of our re
gionally adapted standard varieties was born. 

Particularly outstanding was the disease re
sistance of the Running Acre ( or Conch), 

Dixielee and Calhoun Crowder, and breeding 
lines were established from all of these crossed 
with the Korean Crowder. Table 1 lists some 
of the more important varieties t1sed for breed
ing and the most desirable characteristics 
which each could contribute to the program. 

The reaiized and potential uses of southern
peas are many and varied. For the fresh mark
et, cream, crowder, semi-crowder and blackeye 
varieties are all suitable according to indivi
dual preferences. Our objective, as well as that 
of other southern experiment stations, has 
been to produce higher yielding, disease-re
sistant new varieties with superiority in pod 
and seed characteristics which affect market
ability and palatability. We may have 
achieved this in several lines which are in 
final or semi-final stages of testing and evalu
ation. Other stations have already released 
Monarch Blackeye, Dixielee, Mississippi 
Crowder, Calhoun Crowder, Louisiana Pur
chase, Texas Cream 40 and Texas Cream 12. 
The possibility seems good that this list will 
be further augmented by the varietal naming 
and release of several of our advanced breed
ing lines as soon as they are sufficiently tested 
to satisfy our Experiment Station Policy re
garding such matters. 

For the processing industry the current de
mand for the blackeye type has been the out
growth of the traditional popularity o! this 
item as a home garden and fresh market 
favorite. The cream types, however, because 
of demonstrated superiority in quality and ap
pearance in the frozen package promise to dis
place the blackeye eventually in popularity. 
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Inasmuch as the blackeye type is currently 
the most profitable, we are striving to satisfy 
the processors' need for a .determinate easy
shellirig good yielding blackeye type with 
high-borne pods so that it can be mechanical
ly harvested and shelled with a high degree 
of efficiency. Although we have some breed
ing lines which indicate progress in this direc
tion, we have nothing yet which is enough 
better than the standard varieties to warrant 
release. 

With the creams our progress has been 
somewhat better and we have four lines which, 
in preliminary trials, have indicated superiority 
over standard cream varieties but their ac
ceptabiiity and adaptability to processing re
main to be determined. In a preliminary ex
periment designed merely to test the advisa-

bility of embarking on a more extended and 
precise investigation of the adaptation of line 
73 0 5 1 1 0 to mechanical harvesting tech
niques, the yield of shelled peas from simu
lated machine harvest and mechanical shelling 
compared to that from hand picking and me
chanical shelling was as follows ( data sup
plied by L. H. Halsey) : 

Simulated Machine Harvest 
( Non defoliated) 846 lbs. per acre 
(Defoliated) 876 lbs. per acre 

Hand Picking 
( Six pickings) 1300 lbs. per acre 

These preliminary results suggest the need 
for further testing of this and other potential 
processing types, and continued effort to pro
duce varieties with better adaptation to me
chanical handling. 

TABIE 1.-Varieties Used and Characteristics far Which They Were Selected. 

Variety or 1Deter-1Fhysio- 1I.arge Resistance to I Cream 
Introduction •m:1.nate I logical I Seed 'Soil I . 'Pod 1Pod I Seed 

•Habit I Vigor I Size 1 Organisms 'Mosaic 1Fill IIength 1 ·coat 

Cabbage X , X 

Yardlong 
Bean X 

Korean 
Crowder X X x* X 

California 
Blackeye No. ; X 

Dixielee X X 

P. I, No, 
x-!Ht 18~416 X X X 

Running Acre 
or Conch X X X 

W.ssissippi 
No. 32 X X 

Calhoun 
Crowder X X X 

*Field resistance of crowder types to apparent mosaic symptoms on other 
varieties, Virus not identified. 

. ... - ------ -· -----

~eterm:l.nate only under short photoperiods. 
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From time to time casual interest in south~ 
ernpeas or cowpeas as a feed crop has been 
discouraged by low seed yields and the poor 

economics of dry seed production. The recent 
release of several high yielding varieties to the 
trade and the establishment of some of our 

TABLE 2,--Advanced Breeding Lines, Their Origin and·Possible Usage, 

Pedigree Tm Possible-IHI-

* Utilitz Parents 
644210 Running Cream 

Semi-crowder HPMD Korean Cro1'1der 
X Running Acre 

6 4 l O lo* Improved Running Conch Korean Crowder 
or White Acre type H PM D X Running Acre 

84441210 Long-podded H Yardlong Bean 
Prolific cream X P. I. No. 189Ul.6 

1,2210 Top bearing Puffy Pod 
Prolific X P. I. No. 189416 
Small seeded cream HP 

' 
1610210 Improved brom semi-crowder Dixielee 

Longer pods and later than X Korean Crowder 
Dixielee but similar H M s 

18. 20 l 2 1 l 0 Similar to 16 10 2 1 0 H },( s Korean Cro1'1der 
X Early Dixie Queen 

21 15' 11 0 Large-seedecLBrown Crowder Korean Crowder 
Seeds larger than Brown X Miss. No. 32 

Sugar Crowder H ll 

21 18 11 0 Like 211 15' 1 l O except Korean Crowder 
for mottled instead oi' X Miss. No, 32, 
brown seed-coat H M 

28 l 9 l l 0 Early semi-determinate Miss. No. 32 
Large-seeded X Korean Crowder 
Semi-crowder H M 

45' 0 10 l 0 Prolific cream 293Xll5'l 
Small-seeded, Hp D C (Korean C. X Purple Hull) 

X(Alabunch X P.I. 189416) 

71 0 70 lo* Late, large pods & seeds 
Brown semi-crowder 28 l 9 X 6 4 l 
High yield potential H M s 

73 0 5 1 l O High borne pods 28 l 9 X 11 !, l 
Small cream crowder H P M D C 

~ould be planted eitber befo:-e lfarch 1; · or between August 1-15' because or 
short-day seed yield response. 

*MJI, home garden; P, processing; M, market; D, dry seeds for soups & baked 
beans; S, stock feed; C, chicken reed. All have potential use for hay, 
forage and cover crops 'With clcser planting for the predominant:cy. bush 
types. 
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own high yielding breeding lines open up the 
possibility that Florida could produce a fair 
share of its own nutritious stock and poultry 
feed from this crop. Southempeas are about 
24 percent protein, 56 percent nitrogen-free 
( mostly carbohydrate) extract and 1.5 per
cent oil. With reasonably careful cultivation, 
insect control and hand harvesting we have 
obtained a yield of forty bushels of "dry seed 
per acre with brown semi-crowder Line 71 
0 70 1 0 and a twenty-bushel rate was re
corded for small cream-seeded line 73 0 5 1 1 
0. Cooperative growers are now helping us 
obtain information from larger scale field tests 
involving one to twenty-five acres in extent. 

Table 2 presents a list of advanced breed
ing lines, their possible uses, a brief indication 
as to type and the type of cross from which 
each resulted. 

In the course of this breeding program it 
became apparent that many, if not all, of the 
indeterminate, late maturing breeding lines, 
standard varieties and plant introductions such 
as 6 4 4 2 1 0, 6 4 1 0 1 0, 71 0 70 1 0, Run
ning Acre, and P. I. 189416 exhibited a tend
ency toward extreme vininess with a corres
ponding reduction in pod production under 
the influence of the long days of early summer. 
This undesirable photoperiodic response would 

dictate that these types be planted not later 
than March 15 so that maturity can be com, 
pleted before June. Otherwise it would be 
better to wait until the period of August 1-15 
to plant these late-maturing types. Starting 
the crop in August is perhaps the safer from 
the standpoint of dry seed production, for seed 
curing on the plants is likely to occur well 
after the summer rains and before the possi
bility of frost injury is very · great. Even the 
earliest maturing pods of the more indeter
minate but non-shattering types are likely to 
maintain their seeds in prime condition until 
the later formed pods are dry enough for har
vest during late October and early November. 

The more determinate bunch varieties such 
as Cabbage, Bush Conch, Dixielee and most 
of the blackeye varieties are less subject to 
extreme vininess occasioned by long photo
periods and this observation is corroborated by 
the results of Halsey ( 1) which suggest that 
plant development may be too much reduced 
by exposure to the shorter photoperiods of the 
fall season and that these determinate types 
can produce higher yields on the larger plants 
resulting from the longer photoperiods of the 
spring growing season. 

LITERATURE CITED 
1. Ha'lsey, L. H. Variety tests of commercial types 

and new breeding lines of southernpea. Proc. Fla. 
State Hort. Soc. Vol. 69. P ages 255-258. 19 56. 

FACTORS INFLUENCING CONSUMER 
PREFERENCE OF SOUTHERN PEAS 

(COWPEAS) 

MAURICE w. HOOVER 

Florida Agricultural Experiment Station 

Gainesville 

The Southern pea ( cowpea) is becoming 
a very important crop in the South. As better 
varieties are developed, this crop is being 
added more an~ more to the freezing and 
canning lines of processing plants. In many 
cases it is the main crop processed. The fu. 
ture of this crop as a farm enterprise in Flori
da seems assured. 

The quality of the Southern pea and conse
quently its acceptance by the consumer de-

pends on many factors. Among these factors 
are the stage of development of the peas when 
they are harvested and the subsequent envir
onment to which they are subjected prior to 
their consumption. During the development of 
the seeds, rapid changes occur in the chemical 
and physical composition which greatly affects 
the quality. The consumer acceptance of the 
Southern pea is also influenced by whether it is 
a cream, blackeye or crowder type. Varieties 
within types are also a factor affecting quality 
and thus its acceptance. These, as well as other 
factors, _ may greatly influence the consumer 
in his acceptance of the Southern pea as a 
food crop. 
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Chemical and physical changes during 
maturation:-There is a rapid buildup of starch 
and a decline of sugar in the seeds during the 
early stages of development ( Table I). In 
the over-mature peas that have lost their green 
color, the starch content sometimes approaches 
50 percent of the total dry matter. This high 
starch content contributes to the characteristic 
starchy flavor of the over-mature peas. It also 
affects the texture of the peas by increasing the 
firmness of the freshly shelled seeds. On the 
other hand; the high starch content contributes 
to the soft mushy texture of the over-mature 
peas when they are cooked. The percent 
sugar as well as the starch varies with variety 
and type. The sugar is not generally high 
enough to contribute greatly to the flavor of 
the peas. 

The protein content in Southern· peas is 
relatively high. A slight decline occurs with 
maturity. · 

Vitamin C is relatively high in. the very 
young seeds. When the green color disappears 
from the pod, very little Vitamin C remains. 

The size of the seeds increases rapidly dur
ing their development. It requires about 16 
days from bloom for the seeds to reach maxi
mum size. After they attain maximum size, 
the green color begins to disappear rapidly 
from the pods. It requires only about four days 
for the color of the pods to go from green 
to completely bleached or yellow. 

Effect of maturity 9n preferences:-A study 
was made to determine the effect of maturity 

upon the quality of Southern peas. Peas of 
three varieties were harvested at six stages of 
maturity. Since the percent moisture in the 
seeds has been shown to be a good index of 
maturity (I) ( 2) ( 4), it is given to indicate 
the stage of development of the peas • when 
harvested (Table 2). The peas were blanched 
and frozen immediately after harvesting. After 
approximately five months of storage at zero 
degrees F, the peas were cooked and rated for 
preference. Those that contained approximate
ly 70 percent moisture were preferred in all 
three varieties (Table 2). This is in line with 
t4e findings of other investigators ( 4). The 
peas at this stage of maturity still retained 
their green color. After the green color began 
to noticeably disappear from .the pods, there 
was a decline in quality. 

Effect of type on quality:-The Southern pea 
may be divided into three types or classifica
tions. These include the cream, blackeye and 
a third but less distinct type which for the 
purpose of this paper will be called the crowd
er type. In the latter type may be· grouped the 
various pigmented varieties which do not fit 
into the other two better defined groups. 

In a test to determine which type of South
ern pea was most preferred by the consumer, 
65 people were asked to cooperate. The Conch 
variety was selected to represent the cream 
type, the California blackeye No. 5 the black
eye type and the Alabama crowder the 
crowder type. The peas were harvested at the 
stage of maturity considered optimum ( about 

Table I. Some change• occurring in the California Blackeye No. 5 variet7 
Southern pea during ite development, on a dry weight basit. 

Approx. days Moisture Sugar Protein Starch Vitamin C Color of pod• 
from bloom (%) (%) (%) (%) (mg./100 g) 

10 82.8 10.4 32.9 29.2 344 Very green 

12 78.7 6.6 29.3 38.6 239 Very green 

14 74.4 5.4 27.4 l.!4.8 170 Very green 

16 69,7 5.2 25.6 45.6 126 Green 

18 61.8 5.7 23.8 48.o 75 Yello,r-green 

20 57.6 6.3 24.3 47.0 38 No green 
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Table 2. Influence of stage of development upon consumer nreference of 
three varietie■ of Southern peaa. 

Alabama crowder Cal. blackeye No. 5 Conch 
% 

C' 

Preference .,, 
Moisture rank Moisture 

82.5 4 82.8 

76.3 3 78.7 

' 10.5 1 74.4 

62.8 2 
"" 

69.7 

58.4 5 61.8 

53.0 6 57.6 

70 percent moisture) and frozen. After about 
six months of storage at zero degrees F., they 
were cooked for approximately 20 minutes in 
a one percent salt solution. Forty-five mem
bers of the taste panel preferred the cream 
type peas, 19 preferred the blackeye and only 
one person preferred the crowder. Expressed 
another way, 69 percent of the cooperators 
preferred the cream type, 29 percent pre
ferred the blackeye type and only about two 
percent preferred the crowder type. If these 
results are indicative of the preference of a 
larger population, the cream type Southern 
pea is the one most highly preferred by the 
consumer. 

Effect of fresh storage:-Similarly as with 
many other crops of this type, the conditions 
under which the Southern pea is subjected 
after harvesting greatly affects its quality. 
When mature green Southern peas are held at 
temperatures above about 40° F., there is a 
rapid decline in quality as the temperature 
and time advances. For instance, when peas 
are held at 55° F., they reach a point that is 
considered unfit for human consumption aft
er 13 days. When held at 70° F., they reached 
the same point after six days, and after three 
days when held at 100° F. 

Another factor that plays a part in the con
sumer acceptance of Southern peas is whether 
a person has had an opportunity to . become 
acquainted with them as a food product. It 
has sometimes been observed that when 
people, who have never eaten the Southern 

Preference Preferenc e 
rank Moisture rank 

5 80.0 4 

'.3 74.9 2 

2 69.5 1 

1 64.3 3 

4 60.0 5 

6 52.0 I 6 

·-

pea, become acquainted with it in the labor
atory they grow more and more fond of this 
crop as a food product. 

SUMMARY 

The Southern pea matures very rapidly and 
reaches a peak in quality when the moisture 
content is about 70 percent. At this stage of 
development the seeds are about maximum 
size and the pods still retain their green color. 
After this, the quality declines rapidly. 

Cream type Southern peas represented by 
varieties such as the Conch or Whiteacre were 
preferred. Although peas of the blackeye type 
-were not rated as high as those of the cream, 
they were preferred over the pigmented crowd
er type. · 

Southern peas should be processed as soon 
after harvesting as possible. When this is not 
possible or when they are to be transported 
to distant markets, they should be kept under 
refrigeration. Peas in the pods may be held at 
40° F. for about seven days without any ape 
preciable decline in quality. 
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OUTLOOK FOR THE PRODUCTION OF 
SOUTHERN FIELD PEAS 

FOR FREEZING 

'JAMES MoNTELAHO 

Minute Maid Corporation 

Plymouth 

Southern pea production in Florida for the 
fresh market . and processing is still of minor 
importance, For 1954-'55 season, it was esti
mated by the Florida State Marketing Bureau 
(I) that approximately 16,000 acres of South
ern peas were harvested. At an estimated aver
age, yield of thirty-five bushels this acreage 
produced 525,000 bushels of peas. Averaging 
about $1.75 per bushel, the total value of this 
crop to the grower was estimated at $893,000. 
A small portion of this crop goes to the pro
cessor, but the majority moves into fresh
market channels. 

It would not be reasonable to forecast large 
increases in the demand for this crop for 
freezing in the near future. Even though the 
Southern pea is quite popular in the South 
as a table vegetable, this is not generally true 
throughout the United States. The frozen pack 
increased ten-fold from 1948-1954 in the 
United States, but the total of 5,697,000 
pounds packed in 1954 is relatively small when 
compared with the major frozen items like 
green peas, lima beans, snap beans, com, 
broccoli, etc. ( 2). 
. It is hoped that Southern peas will follow 
the path of broccoli to popularity. Within a 
relatively few, short years, bmccoli has moved 
from popularity among localized groups of for
eign birth to a place of prominence among the 
more important vegetables. Nutrition-minded 
people are bound to discover the Southern 
p~a and eventually give it its rightful place in 
a balanced diet. A recent survey conducted by 
the Wisconsin Alumni Research Foundation 
( 4) on the nutrients in frozen foods showed 
that the blackeye pea is .an excellent source of 
vitamins and minerals-actually topping the 
list in several categories. 

One of the greatest stumbling blocks to. 
more rapid acceptance of Southern peas has 
been the lack of a good name for labelling. 

The various types of Southern peas have been 
bandied about in the trade under such un
appetizing names as field peas, cowpeas, etc. 
Acceptance and popularity of the recently 
coined name of "Southern peas" remains to l:fe 
seen. 

Should the 'name "Southern peas'' become 
generally accepted by the trade, only half of 
the battle will have been won for there is the 
problem of dealing with the various types of 
Southern peas. At the present time there are 
crowders, creams, and blackeyes available in 
cans and at least two of these :in the frozen 
package. By far, the most commonly accepted 
label name in the freezing industry is the 
"blackeye pea." To a large extent that name 
precludes the packaging of other types of 
Southern peas under that label. The cream 
and crowder peas must appear under differ
ent label names. 

The development of a sizeable Southern pea 
production in Florida for the freezing indus
try hinges on a number of factors even after 
those dealing with consumer demand and 
labelling have been resolved. Historically the 
freezing industry has followed in the footpaths 
of the canning industry in search of a source 
oLsupply. Other Southern states like Georgia 
and Texas have planted sizeable acreages of 
Southern peas for canning in past years and 
are now producing for the freezer. Not having 
that background, Florida is in the position of 
having to develop this industry against estab-
lished competition. · 

The plant breeder must necessarily play one 
of the leading roles in the development of this 
crop. The .varieties that are available now are 
not completely satisfactory from the standpoint 
of production. Since, for the present time, the 
frozen pack seems to be more or less tied to 
the blackeye type, new varietal developments 
for freezing must possess a semblance. of the 
blackeye characteristic of present .varieties. 

Southern peas as a table legume mi,ist com
pete pricewise with the other table legumes 
for the consumer's dollar. A leading frozen 
foods magazine ( 3) publishes a list of retail 



WILSON AND GENUNG: SOUTHERNPEAS PROBLEM 217 

price quotations as advertised in the news
papers for the various brands in a number of 
leading markets. Prices quoted in their last 
August issue were generally as high or higher 
for blackeye peas than those quoted for Eng
lish peas, lima beans, and snap beans. If the 
grower is to produce Southern peas to retail 
competitively and at a price. which would guar
antee fair profits to all involved, the unit cost 
of production must be reduced. The logical 
approach is to eliminate the excessive cost of 
harvesting by hand. This is indeed a big order, 
but it is not impossible. The plant breeder has 
succeeded with other crops in developing 
strains with a concentrated set for machine 
harvest. Farm equipment engineers have de
veloped practical machinery for harvesting 
English peas and Hrna beans and working 
models for bush snap beans. Surely a crop like 

.. . Southern peas with characteristic fruit-set high 
' up on the plant will be adapted to machine 

harvest if a variety can be developed with a 
concentrated set. 

Progress is being made in the quest for 
better control . of insects, diseases, and nema-

todes. Problems in handling, storage and pro
cessing have .received considerable attention 

· by Station workers. Florida is blessed with 
abundant land for expanding production of a 
crop like Southern peas. The cooperative ef
forts of freezers, growers, and research work
ers are needed to solve the problems in this 
development and to insure its success. Florida 
has the potential to develop a sizeable addi
tion to the vegetable industry, but it will re
quire time, cooperation, work and patience on 
the part of the people involved. 
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INSECT PROBLEMS IN THE PRODUCTION 
OF SOUTHERN PEAS (COWPEAS) 

Jmrn W. W1LsON 

Central Florida Experiment Station 

Sanford 

. w. G. GENUNG 

Everglades Experiment Station 

Belle Glade 

Southern peas ( cowpeas) like most other 
crops are subject to the attack of several in
sect pests. Before the advent of hydrocarbon 
insecticides, we did not have economically ef
fective insecticides for such pests as the cow
pea curculio, Chalcodermus aeneus Boh., and 
the bean leaf hopper, Empoasca fabae (Harr). 
In fact the inability to control such injurious 
insects as the cowpea curculio was one of ~he 
factors that limited the commercial develop
ment of Southern peas as a widely used vege-

Florida Agricultural Experiment Station Journal 
Series. No. 523. 

table. Recent improvement in the table quality 
and ease of harvesting this vegetable, coupled 
with the effective use of hydrocarbon insecti
cides, has tremendously increased the potens 
tial market for Southern peas. Of course, there 
are other factors such as the development of 
the quick freeze process that have contributed 
to the increased demand for Southern peas for 
table use. 

Dupree and Beckham ( 1) in a recent 
Georgia Experiment Station bulletin state that 
the Southern pea is one of the leading crops 
processed in Georgia and that this crop would 
be more important except for damage by the 
cowpea curculio. This latter statement is 
equally true in Florida. However, the ravages 
of the cowpea curculio should no longer op
erate as a deterrent to Southern pea produc
tion because it can now be readily controlled. 

The adult cowpea curculio is a small black 
weevil about 3/ 16 of an inch long with an 
almost straight beak about )~ the length of the 
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body, The adults feed on the buds and young 
leaves of Southern peas, cowpeas and snap 
beans before the seed pods form. Southern pea · 
and · cowpea varieties are the preferred hosts 
for reproduction. The cowpea curculio will 
also feed and reproduce on snap beans, as
paragus bean, catjang ( or pigeon pea) and 
two species of wild peas. It has been known 
to attack lima beans, strawberries and young 
cotton plants where plantings of these crops 
have followed heavy infestations on cowpeas. 

When the pea pods are I½ to 2 inches Jong, 
the cowpea curculio will begin to feed on and 
deposit eggs in the pods. The feeding punc
tures and the presence of larvae in the peas 
render them unsalable. Eggs deposited in the 
individual peas hatch in from 4 to 6 days. 
The larvae feed in the seed and complete 
their growth in about 10 days. After complet
ing their growth, the · larvae bore their way 
to the outside and drop to the ground to pu
pate. The time required for the life cycle from 
egg to newly emerged adult varies from 20 
to 30 days. 

Table 1 . gives the results of experiments 
conducted at Sanford with 4 insecticides 
formulated as dusts. In these tests 5· per cent 
toxaphene dust app~ied at the rate of 33 
pounds per acre 3 times beginning when the 
pods were about 1 inch long with the 2 sub
sequent applications at 7 day intervals was 
far superior to the other 3 dusts used. In ex
periments conducted in Georgia, Dupree and 
Beckham ( 1) found 20 per cent toxaphene, 
10 per cent chlordane, 2.5 per cent aldrin and 
2.5 per cent heptachlor dusts applied 3 times 
at 5 day intervals at 15 to 20 pounds per acre 
to be equally effective. At the Everglades.Ex
periment Station, · liquid formulations were 
tested during the 1954-55 growing season. 
Results of this experiment are presented in 

Tab:..• ~•"."' Du.a\ forlllllati<.ns o_f 1naect1c1des tested for covpea curcul.10 

ccntrol at bnford, 1lor1da. 

!i~ touphene 

5~ ehlord~ne 

1.5:( Undan• 

5~ DD! 

_L • . S. D. at 'j~ lnel 

M ount of d1.Wt Per c•nt -wor.-f ree 
&Jl'Pl1ed oer a~r• neu •tier J apollcatton, 

l :cound1) 
JJ 9J.4o 

JJ 60.1~ 

40 58.4o 

4o '-'9-50 

24.52 

· Table 2. In this . experiment dieldrin emulsi
fiable concentrate at the rate of 0.5 pound of 
actual chemical in 100 . gallons of water per 
acre applied at 7 day intervals starting just 
prior to the beginning of blooming gave the 
highest per cent of control, al~hough it was 
not statistically better than toxaphene. 

The potato or bean leafhopper, Empoasca 
fabae · (Harr.), is another of the more im
portant insect pests of Southern peas in Flori
da. Severe infestations of this leafhopper on 
Southern peas cause the leaves to curl, the 
plants become deformed, and stunted and in 
cases of very heavy infestations, they die; The 
adult and nymphal leafhoppers suck the juices 
from the leaves and stems and inject a toxic 
substance which causes the damage described. 

Three to 10 days after mating, the female 
leafhoppers begin laying eggs, inserting them 
into the main leaf veins and stems. These -., ·· 
eggs, only 1/ 24 inch long, are whitish. After 
about 10 days, the eggs hatch and the young 
nymphs begin to feed. The wingless nymphs 
shed their skin 5 times and resemble the adult 
in shape and color. The nymphal stage re
quires from 17 to 21 days, with from 20 to 
35 days necessary for completion of the. life 
cycle. In the extreme southern part of the state, 
very high population's of leafhoppers may be 
expected from December through the spring 
months. In central Florida, very destructive 
populations have been observed during June. 
In the Gainesville area, high populations usual-
ly occur during August, September and Octo
ber. Warm, dry weather is most favorable for 
the development of the bean lea_fhopper. It is 
during prolonged periods of favorable weather 
that severe infestations are most likely to occur. 

Tables 3 and 4 present the results of ex
periments conducted during the 1954-55 and 
1955-56 growing seasons at the Everglades 
Experiment Station for the control of the 
bean leafb,opper on snap beans. Of the insec
ticides used, endrin 0.5 pound, parathion 0.15 
pound, phosdrin 0.98 pound, EPNO 0.25 
pound and toxaphene 1 pound per acre in 100 
gallons of . water per application all gave ex
cellent control. 

Southern peas are most susceptible to leaf
hopper attack during the early stages of 
growth; that is, from the time the first true 
leaves appear until they begin to .vine. The 
insecticide should be applied as soon as leaf-
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hoppers begin to appear on the young plants. 
Repeated applications should be made at 
about 10 day intervals. During periods when 
the leafhoppers are migrating into the plant
ing from wild host plants, this interval should 
be shortened to 3 to 5 days. 

Since World War II, DDT has been very 
effective for leafhopper control. It will be 
noted that in these recent experiments, DDT 
did not give satisfactory control. This de
creased effectiveness of DDT suggests the 

·possibility that the bean leaihopper is devel
oping a tolerance to this chemical in the Ever
glades. An attempt to prove this assumption 
through research has not been made. 

In recent years, the lesser com stalk borer, 
Elasmopalpus lignosellus (Zell.), has become 
a very important insect pest in Southern peas, 
beans, and sweet com. This ·insect has been 
sporadic in its a_ttacks, but during the past 

3 or 4 years it has caused severe losses in all 
parts of the state. · 

The adult moth lays its eggs on the stems 
of the host plant near the soil surface. These 
eggs hatch in about a week. The young larvae 
feed on the roots for a while, then they mi
grate to the base of the plant and eat their 
way into the main stem at or near the soil line. 
Usually a dirt-covered, silken tube extends out 
from this entrance hole. The full-grown larvae, 
about ½ inch long, has a brown head, and a 
bluish-green body with brown stripes running 
the length of the body. The larvae complete 
their growth in from 2 to 3 weeks. At the end 
of the growing period, they seek . a protected 
place, spin a cocoon and transform to the 
pupal stage which lasts from 2 to 3 weeks. 
The adult, a small, brownish moth with 
cream-colored markings, folds its wings about 
its body. 

Table 2.- Insecticides apPlied as epr~ye for cowpea curculio control at 

Belle Glade, Florida during the 1954-55 growi?¥1; season. 

II Treatrsent 

Dieldrin E. C. l 

T·oxli.phene W. P •. 2 

Endrin E. C, 

E P N W. l'. 

Phosdrin c.J 
Pari.thion W. P, 

StrobMe E. C, 

DDT E. C. 

Check 

L.s.n. at 5% level 

L.S.D. at _1% level_ 

Amount actual 
insecticide per 

acre per application 

(pounds) 
0.50 

1.00 

0.50 

o.98 

0.15 

0.50 

0.50 

Per cent 
wormy shell 
neas 

2.8 

J.8 

9.8 

12.6 

13.0 

14.2 

14,8 

2).4 

3.a7 · 

5.2_0 

Per cent 

control 

94.87 

88.03 

83.76 

58,12 

46.15 

44.44 

J9.J2 

36.75 

(from table 5) 

1 Emulsifiable · concentrate 2 Wettable powder 3 ·100. per cent technical· phosdrin ·, 
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Using crops in the rotation not attacked by 
the lesser cornstalk borer and early spring 
planting help to control this pest. Because of 
its habit of boring into the stem of the host 
plant, this insect is very difficult to control 
after the larvae have begun to feed there. 
Walter Thames (2) working at the Ever
glades . Experiment Station has suggested that 
where attack of the lesser cornstalk borer is 
expected, an application of one of the insecti
cides listed below, at . the rate per acre indi
cated, be made to the soil before · the crop is · 
planted. 

Insecticide Rate per acre 
2 qts. Aldrin emulsifiable concentrate 

Heptachlor emulsifiable concentrate 
Parathion 25% emulsifiable 

concentrate 
Parathion 15% wettable powder 

__ Toxaphene 40% emulsifiable 
concentrate 

Toxaphene 40% wettable powder 

2 qts. 

l½ qts. 
3 lbs. 

2 qts. 
4 lbs. 

The insecticide should be diluted in 200 
gallons of water to which has been added 1 
pint of a spreader-sticker. The spray should 
be applied _to the soil surface with low pres
sure and a nozzle which produces a coarse 
spray. Soon after the crop emerges, one of 
the following insecticides should be applied at 
the .dosage indicated. 

Insecticide Rate per acre 
Aldrin emulsifiable concentrate 1 qt. 
Heptachlor emulsifiable concentrate 1 qt. 
Parathion 25% emulsifiable concentrate 1 qt. 
Parathion 15% wettable powder 3 lbs. 
Toxaphene 40% wettable powder 4 lbs. 

The insecticide should be diluted in 200 
gallons of water to which a spreader-sticker 
has been added at the rate recommended by 
the manufacturer. The spray should be di
rected at the base of the plants using coarse 
spray nozzles and a pressure of 100 pounds 
per square inch. 

Table 1.- ATerage numbers o~ bean leaf hopper 11,.TfDPhs in plota treated 

with Ti,riou• 1naect1c1des at Belle Glade, norldn durir.g the 1954-.55 

grovine season 

Amount actual Nv,n~hs found after treatment 
'!'reatment 1naect1cide per 3 deya 6 day■ 

acre ner a~plication Number Per cent ccntrol 1 lfumber Per cent contro 

Jndrln E. c. 2 
(pounds) 

0 • .50 0.2 Q9,97 .5.6 91.8'.l 

Parathion W, P,3 0.1.5 o.o 100,00 20.4 70.26 

Phosdrln c4 o.98 o,4 99.~8 26.6 61.22 

!l p N w. P, 0.25 o.4 99.~8 30.4 55.69 

Toxaphene W, P, 1.00 2,(1 96,88 30.6 55.39 

StrobMe E, c. 0 • .50 6.z 90.:,W 41,8 39,07 
! 

Dieldrin E. c. 0,50 10.6 s:i.48 51.4 2.5.07 

DDT E. C, 0 • .50 16,2 74.76 48.6 29,15 

Check 64.2 68.6 
-

1 Calculate~. by aubtr11.ct.1ng the number of liTe n_rmphs in the treii.ted plots from the number in 

the check and d1Tld1Jl€ the resulting number b~ the number of liTe nymph• in the check, 

2 Emul.aif1able concentrate 3 Wettable power 4 100 per cent technical pbosdr1n 

1 
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!able 4.- Reeulta of experiment• for control of insects attacking Southern 

peas at :Belle Glade Florida during the 195.5-56 growing season. 

Amount of actual Per cent control 
Treatment insecticide per Serpentine :Bean leaf 

acre per application leaf miner hopper 
(pounds) 

Parathion W. P. o.o?J 88.04 99.15 
Toxaphene w. P. o.eo 

Parathion w. P. 0.15 

EPN W. P. 0.22 

Guthion w. P. 0.50 

Chlorothion E. c. 0.50 

Toxaphene w. P. 1.00 

Dieldrin dust 1.5% o.45 

Toxaphene dust 10~ J.00 

Dieldrin E. C. 0.50 

DDT !l. c. 0.50 
-

DDT w. P. 1.00 

Another insect pest which has increased in 
importance during the past few years is the 
serpentine leaf miner, Liriomyza pusilla 
( Meig.). Like the bean leafhopper, this insect 
is most injurious to the young stages of 
growth. In addition to Southern peas, the 
serpentine leaf · miner attacks many other 
vegetable crops and wild plants. 

The adult serpentine leaf miner is a sma}l 
fly, about 1/ 20 of an inch long, with a yel-

, lowish lower surface and black upper surface. 
The adults puncture the leaf, causing some in
jury. According to Wolfenbarger (3), eggs 
are deposited in less than I per cent of these 
punctures. The eggs hatch in from 3 to 5 
days and the larvae begin to feed between 
the upper and lower leaf surfaces. As the 

86.25 99.15 

82.66 99.15 

52.39 

'.39.84 

)2.4? 98.29 

20.32 77.77 

16.9J 

11.:35 

64.10 

27.J5 

larvae feed, grow and move forward, the tun
nels gradually widen, producing the charac
teristic, crooked, clear mines for which the in
sect is named. When populations are high, the 
combination of the adult punctures and the 
larval feeding seriously interfere with the nor
mal growth of the plant. When the . larvae 
complete their growth, they usually drop to 
the ground to pupate. The life cycle from egg 
to adult requires from 23 to 28 days, de
pending upon the temperature. 

One pound of 15% wettable parathion or I 
pint of 25% emulsifiable parathion in 100 gal
lons of water will give excellent control of the 
serpentine leaf miner. During periods of heavy 
migrations, it will be ·necessary to make appli
cations at 5 day intervals. Applications of 
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Table 5.- NumbPr of Southern green stink burs found in tre~ted· plots at 

Belle Glade Florida three d...~.ys after treatment during the 1954-55 growing 

season. 

Amount of actual Number 
Treatment insecticide per of bugs Per cent 

acre per application found control 

(pounds) 
Phosdrin c. o.98 2 96.61 

( 

Endrin E. c. 0 • .50 3 94.91 

D1eldr1n E. c. 0.50 4 93.22 

Paratl:.ion w. P. 0.15 5 91.52 

Strobane E. c. 0.50 7 88.14 

DDT E. c. 0 • .50 7 88.14 

EPN w. P. 0.2.5 8 86.44 

Toyaphene w. P. 1.00 10 83.0.5 

check 
' 

spray formulations . are much more effective 
than dust formulations for the control of this 
insect. Data from experiments conducted with 
spray formulations at Belle Glade are presented 
in Table 4. 

The southern green stink bug, Nezara viri
dttla (L), causes injury ~o southern peas by 
sucking plant juices from the seed pod. These 
feeding punctures cause unsightly spots and 
crooked, deformed pods. Both adult ~nd 
nymphal stages injure Southern peas in this 
manner. The adult is a rather large, light 
green, shield-shaped bug, measuring about 
½ inch long and l~ inch wide. 

In Florida this insect does not hibernate 
during the winter months, although it is rath
er scarce and inactive during Ja'l.uary and 
February. · Eggs are deposited on the host 
plant in regular rows forming characteri~tic 
hexagonal clusters. During the warmer months, 
the eggs hatch in from 4 to 5 days. Twenty-. 
four to 35 days are required for the nymphs 
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to complete their development. After the adult 
emerges, it may feed from 3 to 5 weeks before 
it reaches sexual maturity. 

The harlequin bug, Murgantia histrionica 
(Hanh), is another stink _ bug · that attacks 
southern . peas in northern Florida. The type 
of injury produced and life history of this in
sect very closely: resemble the southern green 
stink bug. Both insects are controlled by the 
same chemical. 

Phosdrin at the rate of }4 pint in 100 gallons 
per acre and 10 per cent toxaphene dust at 30 
pounds per acre per application will give satis
factory control of the southern green stink bug 
and the harlequin bug (Tables 5 & 6). 

Several kinds of cutworms may attack 
Southern peas in Florida. The black cutworm, 
Agrotis ypsilon (Rott.), is one of the common 
species which feeds upon a wide variety of 
vegetables and wild plants. This cutworm 
burrows into the soil and rests during the day, 
coming to the soil surface to feed during the 
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night. Young tender plants are cut off at or 
near the soil surface. · Control measures should 
be taken immediately after the first injury is 
noticed to avoid serious reduction in plant 
stands. 

Grass and weeds or cover crops on land to 
be planted to Southern peas should be worked 
into the soil at least 30 days prior to planting. 
This early preparation of the land should re
duce the cutworm population. If cutworms 
attack the young peas, a poison bran bait 
containing 2.5 per cent toxaphene or 2 per 
cent chlordane at the rate of 25 to 40 pounds 
per acre should be applied in the late after
noon. Late afternoon applications are most ef
fective because the bait will be fresh and more 
attractive to the night-feeding cutworms. 

Cutworms, the cowpea curculio, the bean· 
leafhopper, the lesser cornstalk borer and the 
serpentine leaf miner have in the past few 
years occurred in injurious numbers. Thus the 

grower should become familiar with these 
five insects and make plans for their control 
when they appear. The southern green stink 
bug is more likely to occur in injurious num
bers in the southern part of the state, but it 
may become injurious in the central and 
northern parts. The harlequin bug has not 
been reported in injurious numbers south of 
Gainesville. It is suggested that growers of 
Southern peas watch their plantings closely, 
then apply the recommended insecticide 
promptly and thoroughly after an insect in
festation is discovered. 
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Table 6.- Results of 1956 e,-;periment for the control of the Green Stink 

:Bag at Belle Glade, Florida three days after treatment. 

Amount of actual No. live Percent 
Treatment insecticide '!)er stink bugs 

acre per appliCB. tion after, d::iys Control 

(pounds) 
Phosdrin c. o.98 J 94.J4 

Tox,rphene dust 10% 3.00 10 81.l; 

Parathion dust 1% o.~o 16 69.81 

EPW dust 1.5% o.45 16 69.81 

Dieldrin dust 1 •. 5% o.45 19 64.15 

Craig77441 E. c. 0.50 20 62.26 

Craig 83052 E. c. 0 • .50 27 49.06 

Check 53 

1 
an aryl urethrane 

2 
a substituted thionophosphate 
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INFLUENCE OF NITROGEN, PHOSPHORUS, 

POTASH AND LIME ON THE GROWTH 
AND YIELD OF STRAWBERRIES 

R. A . . DENNISON AND C. B. HALL 

Florida Agricultural Experiment Station 

Gainesville 

Little information is available on the in
fluence of various fertilizer and liming ma
terials on the growth and yield of strawber
ries as grown under Florida conditions. 
Brooks and Nolen ( 1935) stated that liming 
of low pH soils was beneficial in the central 
Florida . area with the optimum pH being 
about 5.5. Matlock (1954) reviewed much of 
the research which has been done on the 
fertilizer and lime requirements of strawber
ries. Most of the previous studies have been 
conducted in other areas of the country and 
the results do not have specific application to 
Florida conditions since the cultural system in 
use in Florida is entirely different. 

A pot experiment was conducted during 
the 1955-56 season to determine the influence 
of the major elements and lime on the growth 
and yield of strawberries. The object of the 
experiment was to obtain information that 
cou.ld be used as an aid in planning field
scale fertility experiments. 

METHODS 

The materials, rates in pounds per acre, and 
sources used were as follows: 

Material Rate Source 

Nitrogen 0, 50, 100 Ammonium nitrate 
Phosphorus (P,O,)O. 80, 160 Treble superphosphate 
Potash 0, 70, 140 Muriate of potash 
Lime 0, 1200, 2400Calcium hydroxide 

Two soil types were used: ( 1) a virgin Ona 
fine sand from the Horticultural Unit farm at 
Gainesville; ( 2) a Blanton fine sand from the 
Starke area that had been cropped for many 
years to vegetables and strawberries. 

Each soil was screened, fumigated with 
methyl bromide, and turned three times. The 
fertilizer and liming materials were uniform
ly mixed ,vith the soil. The soil was prepared 
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during August and stored in the pots under 
cover until planting. The soil was moistened 
occasionally during the storage period but not 
enough to cause leaching. 

The pots were placed on the ground out
of-doors and the plants set in them on Octo
ber 6. Tap water was used for watering as 
required. 

The experimental unit consisted of a single 
Florida 90 plant in a 10-inch clay pot con
taining 22 pounds of soil. A 3 X 3 X 3 X 3 X 2 
factorial with three replications was used in 
a randomized block design. 

RESULTS AND Drs.CUSSION 

Change in Soil pH 
A composite soil sample was obtained May 

2 by taking a 6-inch core from each pot for 
each lime rate in each replication. The appli
cations of lime were effective in raising the 
pH (Table 1) of both soils, with the increase 
being greater the higher the rate of applica
tion of lime. The pH of the soil in the pots 
that did not receive lime increased approxi
·mately one-half unit during the course of the 

· experiment and could have been caus~d by 
bases carried in the tap water. 

fabh 1,- fhe plot Co■poelh Soll Sa.-,nle• fakea on Ma.Y 2 l fl(~ 

hplleatton !bntoa Soll 

1200 

Plant Growth 
The ratings of the growth of the plants 

were not analyzed statistically, but some in
dications of the influence of the various ma
terials can be noted (Table 2). Growth ratings 
were made at four times during the growing 
period, using a scale of one to five with one 
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The Soil Testing Laboratory reported the eoile tested as follo't1s: 

Soil pH 
Pounds ner Aere 

CaO MgO 

Ona 4.90 280 117 

Blanton 5.4s szs 

indicating the poorest growth and five the 
best. 

Nitrogen.-On the Ona soil, the plants re
ceiving the 100 pounds per acre of nitrogen 
were larger than those receiving the 60 or 0 
pounds per acre. There was no difference in 

6z 

P205 ~o NOj 

7 '.36 Very low 

J4 182 Ve!:I: low 

growth of the plants receiving the two lower 
rates. On the Blanton soil, applications of 
nitrogen showed little effect until the last rat
ing (2-20-56) when the plants growing in the 
soil which had received 100 or 50 pound rates 
of nitrogen were larg~r than when no nitrogen 
was applied. 

Table 2.- Influence of N, P o
5

, KO and Lime on the Growth of Strawberrie•• 
2 2 

riguree are the sum of ratings. Plants were scored with 
1· = poorest and 5 = best growth. 

Ona Soil Blanton Soil 

Date N Nl N2 N Nl N2 
0 0 

12-7-55 167 176 196 222 213 229 
12-20-.55 154 153 182 222 208 227 
1-27-56 134 130 156 205 205 218 
2-20-~6 l6Z 162 188 210 218 240 

p p p2 p pl p2 
0 1 0 

12-7-55 169 182 188 228 216 220 
12-20-55 145 164 180 231 210 216 
1-27-56 122 140 158 218 201 209 
2-20-~6 lSl 180 123 224 212 22~ 

K X K X K K 
0 l 2 0 l 2 

12-7-.5.5 183 177 179 224 218 222 
12-20-55 165 160 164 222 217 218 
1 .. 27..,56 140 142 l'.38 214 206 208 
2-20-~6 lZJ 12~ 176 226 224 218 

L L L . L L L 
0 1 2 0 l 2 

12-7-.55 131 208 200 240 206 218 
12-20-55 112 203 174 240 207 210 
1-27-56 96 178 146 237 195 196 
2-20-26 lJ8 21~ 121 ?1~ 201 122 
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These results iridicate that the previously 
cropped Blanton soil contained sufficient avail
able nitrogen for good plant growth during the 
first four months of growth, whereas the virgin 
Ona soil was deficient in available nitrogen 
throughout the growing period. 

Phosphorus.-The growth was increased by 
applications of phosphorus on the Ona soil 
but not on the Blanton soil. On the Blanton 
soil apparently there was sufficient residual 
phosphorus from previous fertilizer applica
tions to maintain maximum growth of the 
plants. 

Potash.-There was no effect of potash on 
plant growth on either soil. · 

Lime.-On the Ona soil, which had a pH 
of 4.90 at the start of the experiment, 1200 
and 2400 pounds per acre of calcium hydrox
ide increased the growth compared with 
plants in pots receiving no lime. The plants in 
the soil which received the 1200 pound rate 
of lime grew better than those in the soil with 
the 2400 pound rate. On the Blanton soil, 
which had an initial pH of 5.45, plant growth 
was poorer with the 1200 or 2400 pound ap
plications of lime than with no lime. 

These results indicate that lime is beneficial 
when the pH of the soil is low but that over
liming can be detrimental. 

Fruit Yield 

Twelve harvests of berries were made from 
February 27 to April 26. The analysis of va
riance for the main effects and the first order 
interactions are given in Table 5. The second 
and third order interactions were not signifi
cant and so for brevity are omitted from the 
table. 

Nitrogen.-The average yield in grams for 
the 0, 50 and 100 pound rates of application 
to the soil were 34.39, 32.94, and 39.83 re
spectively. The L.S.D. required for the 0.05 
level was 3.99 and for the 0.01 level 5.25. 
The yield increase by the 100 pound rate 
over the zero and 50 pound rates was highly 
significant. There was no difference in yield 
between the zero and 50 pound rates. Wheth
er the 50 pound rate of application was too 
low to give a measurable response or whether 

another factor not controlled in this experi
ment was interacting with nitrogen cannot be 
determined from the results obtained. 

Potash.-Yields were not affected by appli
cations of potash. The average yield in grams 
for the 0, 70, and 140 pound applications 
were 37.80, 34.82 and 34.54 respectively. The 
lack of response to potash was unexpected, 
especially on the Ona soil which was low in 
potash. However, these yield responses are 
consistent with the work of Lineberry and 
Collins ( 1942) in which they obtained no re
sponse to potash in three out of four experi-
ments. · 

Phosphorus. - The phosphorus-soil interac
tion was highly significant (Table 3). On the 
Ona soil, the application of either 80 or 160 
pounds of P,0. increased the yield of berries 
as compared with no addition of phosphorus 
to this soil type. There was no difference in 
yield with the 80 or 160 pound rates of P,0, .. 
On the Blanton soil, the application of phos: 
phorus did not influence the yield (Table 4). 
These results agree with the soil test. The 
plants on the Ona soil, which was low in P,0,, 
responded to phosphorus applications, whereas 
plants on the Blanton soil, which was higher 
in P,00, did not. 

Lime.-The lime-soil interaction was highly 
significant ( Table 3). On the low pH Ona 
soil, the yield was significantly increased by 
the application of either 1200 or 2400 pounds 
of lime, but the 1200 pound rate of calcium 
hydroxide yielded significantly more than the 
2400 pound rate (Table 5). Ort the Blanton 
soil, which had a higher pH, both the appli
cation of either 1200 or 2400 pounds of lime 
reduced the yield significantly. There was no 
difference in yield between the 1200 and · 2400 
pound rates. These results indicate that there 
is a distinct danger of overliming a soil for 
strawberries, but that an increase in yield 
may be expected if a low pH soil is properly 
limed. 

SuMMAHY 

A pot experiment was conducted to study 
the growth and yield of strawberries as in
fluenced by nitrogen, phosphorus, potash and 
lime. factorially compared on two soil types, 
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Table 3.. Partial Analysis of Variance of Strawberry Yields from Strawberry 
Factorial. 1956. 

Source of Degreee 
Variation 1reedom 

Total 485 
Blocks 2 
Nitrogen 2 
Phosphorus 2 
Potash 2 
Lime 2 
Soil l 
Nitrogen..;, 11osphorus 4 
Nitrogen-potash 4 
Ni trogen•lime 4 
Nitrogen-soil 2 
Phosphorus-potash 4 
Phosphorus-lime 4 
Phosphorus-soil 2 
Potash-lime 4 
Potash-soil 2 
Lime-soil 2 
Error 322 

of Mean 
Square 

5,888 
2,141 

836 
529 

2,835 
50,110 

547 
236 
666 
504 
116 
57 

1,866 
91 
62 

23,582 
333 

F Value 

11.68•• 
6.43•• 
2.51 

1.59 
a.51•• 

150.Zl.8•• 
1.64 
0.71 
2.00 
1.51 
0.35 
0.17 
5.60•• 
0.2:1 
0.19 

?0.81** 

** Indicates the F valuo is signifieant at the 0.01 level. 

'!at>h "•- Interaction lf!ect of rhoephnna &-'le' SoU lf':ro t oo. the ATerll(;e 
Yield. in Cram• of St.rawberri~•• 1956 , 

son tn• 
On& 

Blanton 

19.?0 :1.7,"8 

47.18 45.JO 

J6.J9 

L. S. t. t or lnhraction 0,05 level ,. 5.64 

0,01 level ,. 7,4) 

31.sa 

; 2j,j6 

: <i.e1 

One soil type was a virgm Ona soil and the 
other a Blanton soil which had been cropped 
for a number of years. Both soils were fumi
gated with methyl bromide prior to setting 
the plants. 

The 100 pound rate of nitrogen yielded sig
nificantly more fruit and produced larger 
plants then the zero or 50 pound rates. There 
was no difference in yield or plant growth 
between the zero and 50 pound rates. 

Table 5. bhr~Uoa ! ! feet of Lime ud Soil 'fype on the A.er~ • Thld .. 
in Crue of Strewberrln. 1956 , . 

Soi l type 
Paun~e per •er• of Ca{OB}.i. 
0 1200 24<>0 

13.ae '.)?.9) 

: berat;fl tor . 
: 1011 tzy1 . 

---"'61,..__. •=6 ___ :l1,_l1 ___ __ ....1~6 __ '!i&•~-
J0,92 

L. S. D. tor 1nteractlon 0.05 lnel • S.64 

On the Ona soil, the yield was significantly 
increased and larger plants were produced by 
applications of 80 or 160 pounds of P,O •. 
There was no difference in yield or plant 
growth between the 80 or 160 pounds on the 
Ona soil. The P20, applications on the Blanton 
soil had no influence on yield or plant growth. 

There was no yield or growth response to 
70 or 140 pounds or potash on either soil. 

On the Ona soil, which had a low pH, 1200 
or 2400 pounds of calcium hydroxide in-
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creased the yield and growth as compared to 
no lime. The yield and plant growth were 
larger for the 1200 pound rate than for the 
2400 pound rate. On the Blanton soil, both 
lime applications reduced the yield and 
growth. There was no difference in yield or 
plant growth between the two rates. 
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LIME-INDUCED MANGANESE DEFICIENCY 

OF STRAWBERRIES 

C. B. HALL AND R. A. DENNISON 

Florida Agricultural Experiment Station 

Gainesville 

A chlorosis was noted on the leaves of 
strawberry plants growing in two fields in the 
Starke area during the 1955-56 season. The 
chlorosis was most severe on the lower leaves. 
These leaves were usually a dark yellow with 
only the veins remaining green. The upper 
leaves were less chlorotic with the youngest 
leaves nearly a normal green. These symptoms 
appeared to be typical of those described by 
Lott ( 1946) for manganese deficiency. The 
fact that the soil in each field had been limed 
during the summer prior to planting also 
pointed to manganese deficiency as the cause 
of the, chlorosis. Besides being chlorotic, the 
plants were generally stunted in growth. 

The chlorosis and stunting were not general 
throughout the fields but were found in ir
regular areas. Many of these areas coincided 
with lighter colored phases of the soil or with 
slightly higher elevations. 

A study was made of the relationship be
tween the soil pH, the manganese content of 
the leaves of the plants, and the visual ap
pearance of the plants. Samples for analyses 
were taken of both the plant leaves and the 
soil in the area in which the plants were 
growing. 

METHODS 

Soil and leaf samples were taken from each 
of the fields on January 11, 1956. The lower 
leaves of a number of plants growing in the 
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same area constituted a single sample. A cor
responding soil sample was obtained for each 
foliage sample by compositing a number of 
cores taken throughout the same area. The 
predominating soil type of one field was Rex 
fine sand and of the other Blanton fine sand, 
shallow phase. 

Twelve samples were taken from each field. 
Six soil and six foliage samples in each field 
were obtained from areas showing severe 
chlorosis and the other six samples were taken 
from the normal or near-normal appearing 
areas in the field. 

The leaves were washed by tap water to 
remove soil particles before drying in a forced 
draft oven at 70 ° C. 

Manganese was determined by the official 
A.O.A.C. method (1955). The pH of the soil 
samples was determined as outlined by Volk 
(1944). 

RESULTS 

On both soil types moderate or severe 
chlorosis of the leaves was associated with a 
soil pH of 6.60 or higher and a manganese 
content of 16 ppm or less on a dry weight 
basis (Table 1). In the pH range of 5.90 to 
6.30 there was no chlorosis or only slight 
chlorosis and the manganese content ranged 
from 20 to 64 ppm. In the pH range of 5.10 
to 5.30 there was. no chlorosis and the man. 
ganese content ranged from 94 to 222 ppm. 

These results indicate that severe manganese 
deficiency of strawberries would be expected 
in such soils in the Starke area when they are 
limed to pH levels above 6.5. Slight mangan
ese deficiency could be expected if the soil 
pH is in the range of 6.0 to 6.5. 
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Table 1. - The Relationship of Soil pH, ¥.ianganese Content and Chlorosis 
of Strawberry Leaves. 
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Variety Sample 
No. 

Severity of Soil pH · PPM Manganese on 

Florida 90 

}lissionary 

Florida 90 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 

Blanton 

LITERATURE CITED 

Chlorosis Dry Weight Basis 

Rex Fine Sand 

Severe 7.00 13 
Severe 7.35 12 
Severe 7.10 10 
Severe 6.90 10 . 
Severe 7.12 12 
Severe 6.73 16 
!'Jone 6.J0 31 
,-Jone 6.12 2} 
None 6.05 20 
!Jone 5.25 94 
None 5.10 200 
None 5.30 222 

Fine Sa.'1d, Shallow Phase 

Severe 7.15 9 
Severe 6.60 9 
Severe 6.70 11 
Severe 6.90 11 
Slight 6.25 21 
Slight 6.20 32 
Slight 6.15 28 
Slight 6.23 27 

i0foderate 7.00 8 
l•~oderate 6.96 10 

Very Slight 5.90 64 
Very Slight 6.17 43 
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ficial Methods o.f Analysis, Eighth Edition, 1955. 

manganese and zinc, North Carolina Agr. Expt. Sta. 
Ann. Rpt. 69 :66. 1946. 
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CUCUMBER FUNGICIDES FOR THE WEST 
COAST OF FLORIDA 

GROVER SoWELL, JR. 

Gulf Coast Experiment Station 

Bradenton 

Florida is now producing 40 percent of the 
total production of cucumbers for fresh 
market in the United States ( 1) . During the 
past five years, the average yield per acre has 
doubled and the value of the crop has more 
than tripled the average for the previous five 
years. The use of more effective fungicides on 
cucumbers, as the result of fungicide testing 
by the Florida Agricultural Experiment Sta
tions, has been a major factor in the increased 
yields obtained by Florida growers. 

Cucumber fungicide testing by the Florida 
Stations has been in progress for many years. 

·Weber (13), one of the pioneer workers in 
this field, recommended Bordeaux mixture or 
copper-lime dust. Later, Harrison and Kelbert 
(5,6) and Harrison (7) reported that some of 
the organic fungicides and the neutral ·copper 
fungicides were less injurious to cucumbers 
than was Bordeaux mixture. Wilson and 
Swank (14) reported than nabam + ZnS0,, 
nabam + MnS0,, and maneb provided ex
cellent control of downy mildew while mildex, 
nabam + MnS0,, and maneb gave the best 
control of powdery mildew, Walter (12) found 
that nabam + ZnS0, gave entirely satisfactory 
control of both mildews in his test. The re
sults of cucumber fungicide testing in Florida 
have closely paralleled the work of Epps 
( 3,4) in South Carolina. This worker, after 
conducting fungicide tests on cucumber for 

· ten years, has concluded that maneb is the 
superior fungicide for this crop in that area. 
.Zineb is also. recommended in South Carolina, 
being only slightly less effective than maneb. 

GENERAL MATERIALS AND METHODS 

Throughout the investigation reported in 
this paper, cucumbers of the variety Marketer 
were used. The fungicides were applied with 
commercial-type sprayers adapted to small 
plot work. TeeJet 8002 nozzles were used 
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with pressures at the pump of from 300 to 
400 p.s.i. 

The fungicides were used at the following 
concentrations per 100 gallons unless other
wise stated: 2 qts. 19% nabam + ,~ lb. 36% 
ZnS0,; 2 qts. 19% nabam -t- 1 lb. 32% MnS0,; 
2 lbs. 65% zineb; llflbs. 70% maneb; 4 lbs. 
50% captan or 4-6 lbs. neutral copper (2 lbs. 
metallic copper). 

SOIL RoT 

The primary objective in fungicide testing 
on cucumbers at the Gulf Coast Station dur
ing recent years has been the development of 
a satisfactory control of soil rot, which has 
caused increasingly serious losses to cucum
bers on the West Coast of Florida. Estimated 
losses of up to 30 percent of the crop were 
reported during years when conditions were 
favorable to the disease. In individual fields, 
losses may represent as much as 90 percent 
of the crop. A number of growers have stopped 
growing cucumbers because of losses from 
soil rot. 

The disease has been attributed to Pythium 
sp. by Walter ( 12) and to Rhizoctonia solani 
by Weber and Owen (unpublished) in Florida 
and Ellis (2) in North Carolina. The writer 
( 10,11) has consistently isolated from lesions 
on cucumber fruits a fungus which is appar
ently identical to R. solani. He has never 
isolated Pythium even when techniques es
pecially adapted to the isolation of Pythium 
have been employed. Inoculation of healthy 
fruits with isolates of R. solani resulted in 
typical lesions. 

Previous to the beginning of the research 
reported here, Walter (12) had shown that 
neutral copper, captan and· Terraclor were 
the most promising fungicides for the control 
of soil rot. Consequently these materials re
ceived primary attention in recent research. 
The percentages of fruits showing infection 
were determined and converted to angles for 
statistical analysis as described by Snedecor 
(9). 

In the spring of 1955, a cooperative test 
was conducted by Dr. J. M. Walter and the 
writer. The copper fungicides were applied 
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once a week at the recommended concentra
tion as a foliage fungicide and as a heavy spray 
application of 58 pounds per acre to the soil 
just before the plants began to vine. The 
heavy spray application was made by using 
the recommended concentration of the fungi
cide in water arid repeatedly spraying the 
surface of the beds with this suspension until 
the prescribed amount of , fungicide was de
posited. _ Six nozzles were used per row to 
cover the entire soil surface with the excep
tion of the furrows between the beds. Two 
neutral copper fungicides, Tennessee Tribasic 
Copper Sulfate and Cop-O-Zink, reduced soil 
rot to one-half the amount present in check 
plots sprayed with nabam + ZnS0, ( Table 1) . 
The combination treatment involving the ap
plication of Terraclor as a preplanting drench 
and a heavy spray application of captan ( 58 
pounds of Orthocide 50-W per acre) was 
equally effective. The Terraclor drench was 
applied at the rate of 25 pounds of active in
gredient per acre. This treatment alone had no 
effect on the amount of soil rot; so it seems 
likely that the effectiveness of the combina
tion treatment was due to t_he captan. Captan 

applied once a week, alternating with nabam 
+ ZnSO, as a foliage fungicide, also signifi
cantly reduced soil rot. 

During the fall of 1955 in a similar experi
ment, the method of applying the fungicides 
to the soil was changed to make it more prac
tical for the grower. Instead of using a very 
high gallonage of the fungicides at the recom
mended low concentration, the captan and 
copper were used at the rate of 8 pounds ac
tive or 8 ·pounds metallic copper per 100 gal
lons. These sprays were applied at 200 gal
lons per acre. Consequently, 32 pounds of 
commercial material were applied per acre. 
Plants sprayed with a concentrated spray ap
plication of captan and, in addition, receiving 
captan alternating with nabam + ZnS0, each 
week as foliage applications, yielded only 2 
percent diseased fruits. (Table 1). A schedule 
of cap.tan alternating \vith nabam + ZnS0, 
each week resulted in 9 percent diseased 
fruits as compared to 19 percent in the check. 
plots, which received nabam + ZnS0, twice 
weekly. The combination treatment of Ter
raclor and captan again reduced the disease 
by a significant amount. The use of captan (2 
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pounds of Captan 50-W) mixed in the tank 
with reacted nabam + ZnS0, failed to control 
the disease. All the copper treatments with the 
exception of the twice-weekly foliage appli
cation failed to control the diseases in this ex
periment. Even though the twice-weekly ap
plication of copper significantly reduced soil 
rot, it resulted in significantly lower yields 
(Table 2). This may be explained by the fail
ure of this fungicide to effectively control 
downy mildew and by the toxicity of copper 
to the cucumber plant. 

In tests conducted in the spring of 1956, 
John Bean nozzles equipped with No. 23f discs 
were used. These nozzles have a delivery rate 
of exactly three-four_ths that of the Tee Jet 8002 
nozzles previously used. This means that even 
though the same rate of materials was used 
in this experiment, only three-fourths as much 
active ingredient was applied per acre: It was 
obvious after the first picking that the former
ly effective materials were completely failing 
to control soil rot. The most logical explana
tion of this result seemed to be that less ma
terial per acre was used here than previously. 
To test this hypothesis, plots in a separate ex
periment were sprayed with a concentrated 
application of captan. The sprayer was 
equipped with TeeJet 8002 nozzles. By the 
next picking, soil rot was reduced from 30 per
cent in the untreated plots to 17 percent in 
the captan-treated plots. This difference was 
even more pronounced at the later pickings. 

During the four pickings after treatment, the 
captan plots yielded 14 percent infected fruits 
while the untreated plots yielded 28 percent. 
The importance of using an adequate rate of 
captan per acre is clearly illustrated by these 
data. At least 16 lbs. of active ingredient must 
be applied per acre. This means that the 
grower must use at least 16 lbs. of captan 
50-W or Orthocide 50-W per 100 gals. water 
and at least 200 gals. of this spray per acre. 

DOWNY MILDEW 

Downy mildew (Pseudoperonospora cuben
sis ( Berk. & Curt.) Rostow.) is the most ser
ious disease of cucumbers in Florida. The 
pathogen, which apparently survives from one 
season to the next, is present during periods 
favorable to development of the fungus when
ever cucumbers are grown in the State. The 
destructiveness of this disease is reflected by 
the fact that unsprayed plots have largely been 
omitted in fungicide tests because of the early
season death of unprotected plants. Very sel
dom can mature cucumbers be picked from 
unsprayed plants in the West Coast area. 

Observations on downy mildew control 
have been made in all cucumber fungicide 
tests conducted at the Gulf Coast Experi
ment Station. Not until the fall of 1955, how
ever, was a concerted effort made to evaluate 
the relative value of twice-weekly applications 
of the highly effective carbamate fungicide 
and neutral copper. Downy mildew control 
was evaluated by the grading system pro-

Table 2, Downy milde'I" control 11s reted by Horsfall rad B1Jrratt' s 
groding system and yield of cucumbers during the 

Fell 1955 crop season 

Dlsease I: ever1 -cv ned 
Total infection Percent leaf Lbs. Bu. 

Treatment grade area affected per plot per Bcre 
1. l~eneb ti,,foe , .. eekly 5 3.0 137.5 560 
2. Nabam + Zn.S04 hiice weekly 7 5.0 152.5 621 
3. !isbl'lm + FnS04 h1ce weekly 9 7.0 92.0 375 
4. Zineb twice weekly 10 8,5 104.7 427 
5. Neutrl'll copper (01·.'Z) twice 

1,yeekly 16 23.5 64.8 264 
7. Naoom + 1nS04, 'llternt1ting 

with captan .f4 lbs. esp ten 50-"') 8 6.0 104.9 4.87 
8. ~b3m + ZnS04,, n lter,m ting 

with neutrnl copper 
(Tribasic Copper Sulfntel 10 8,5 86.7 353 

Least sig,difterence, 5}~ level 3,6 32,2 
Least sig.difterence, l;fc level 4.9 43.3 
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posed by Horsfall and Barratt ( 8). In this 
test, the recommended carbamate fungicides, 
nabam + ZnS0, and zineb, as well as maneb 
and nabam + MnS0,, were superior to a neu
tral copper fungicide (Table 2). Zineb used 
twice weekly, neutral copper alternating with 
nabam + ZnS0, each week, and nabam + 
MnS0, twice weekly were significantly in
ferior to maneb. Yield differences followed 
the same pattern, being closely related to dif
ferences in downy mildew control. The nabam 
+ ZnS0, and maneb plots gave the highest 
cucumber yields. The inferior performance of 
zineb in this experiment is difficult to under
stand. Conclusions should not be drawn re
garding the difference between nabam + 
ZnS0, and zineb until this experiment is re
peated using several formulations of zineb. 
The important point to consider is the su
perior performance of maneb, which should 
be added to the list of recommended cucumber 
fungicides. Neutral copper has not been 
recommended for control of downv · mildew 
for several years, but still remains a~ the only 
material recommended against angular leaf
spot. 

POWDERY MILDEW 

Powdery mildew (Erysiphe chicoracearum 
DC.) seldom damages cucumbers on the West 
Coast of Florida when the plants are properly 
sprayed for downy mildew. The sporulation of 
this fungus is so conspicuous that it may con
ceal damage caused previously by downy mil
dew. It is believed that the damage done by 
the powdery mildew fungus has been exag
gerated because of the conspicuous nature of 
the pathogen. 

Experiments on powdery mildew control 
were conducted at the Gulf Coast Station for 
.the last three years, but the light incidence of 
disease prevented a critical comparison of the 
effective chemicals. In the spring of 1956, 
several inoculation procedures were followed 
in attempts to establish the disease in the ex
perimental field. Cantaloupe leaves on which 
the pathogen was sporulating were rubbed 
through the dry leaves of plants in several 
areas of the unsprayed guard rows of the plots. 
At the same time, cucumber seedlings grow
ing in flats were inoculated with spores from 
the same material. As soon as the cucumber 
seedlings showed symptoms of infection, the 
flats were moved to the field and placed at 

several locations among the plants growing in 
the guard rows. Within several weeks, the 
fungus appeared on the inoculated plants and 
spread to adjacent plants in the guard rows. 
The inoculations were begun too late in the 
season for maximum infection, but the tech
nif]_ue was shown to be successful. In experi
ments on powdery mildew control, adequate 
control of downy mildew is necessary if the 
plants are to survive long enough to permit the 
evaluation of disease control. Consequently 
in the 1956 spring test, the materials for 
powdery mildew control were to be incor
porated with the maneb when powdery mil
dew appeared in the plot rows. Since the fun-. 
gus did not spread from the inoculated plants 
on the guard rows to the maneb-sprayed plot 
rows, the test materials were not used. Maneb 
gave satisfactory control of powdery mildew 
under the conditions of this experiment. 

In a series of greenhouse screening tests, an 
attempt was made to evaluate the potentiali
ties of the antibiotic, griseofulvin, in the con
trol of powdery mildew. Marketer cucumbers 
were grown in pots containing fumigated soil 
until they had produced a single true leaf. 
At this time the plants were showing a uni
formly light infection of powdery mildew. 
They were sprayed with the following fungi
cides; Karathane, 8 ozs. per 100 gals.; wet
table sulfur, 2 lbs. per 100 gals.; 70% maneb, 
I½ lbs. per 100 gals.; or 500 p.p.m. griseoful
vin. One percent griseofulvin dust was also 
used. 

Six days after . treatment, the amount of 
leaf area covered by the fungus was evaluated 
by the grading system proposed by Horsfall 
and Barratt ( 8). Kara thane, wettable sulfur 
and maneb gave a high degree of control 
(Table 3). Griseofulvin, applied as either a 
dust or spray, also reduced the disease by a 
highly significant amount but was significant

. ly inferior to the other materials. 
Many objections have been raised to the at

tempted application of greenhouse fungicide 
tests to field conditions. The writer believes, 
however, that with _discrimination in inter
preting results and the inclusion of several 
standards of varying efficiency in disease con
trol, greenhouse screening tests will provide 
information to eliminate much unnecessary 
field testing of mediocre materials. The per
formance of griseof~1lvin ih the above test 
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Table 3. Powdery mildew control in gre~nhouse screening test, 
es evaluated by Horsf'All r,nd Barrott' s grading system 

Trel'ltment 
Kl't1"1'!thl3ne, 8 ozs. per 100 e,il. 
Sulfur (wettable) 2 lbs.per 100 gal. 
Meneb, 1.5 lbs.i-'.anzate per 100 gal. 
Griseofulvin dust, 1% 
Griseofulvin spray, 500 p.p.m. 
Check, no treatment 

----
Least significant difference 5 :i level 
Least significant difference 1i level 

raises a serious question as to whether further 
testing of this material against powdery mil
dew is justified. 

In another greenhouse test 10 percent Ovex 
( p-chlorophenyl p-chlorobenzene - sulfonate) 
was as effective as Karathane in protecting 
plants against powdery mildew. \Vettable sul
fur and maneb were only slightly less effec
tive. The performance of Ovex, relative to ma
terials known to control the disease in the 
field , is a strong indication that this new 
fungicide should be tested further. 

SUMMARY AND CONCLUSIONS 

Soil rot of cucumber has been significantly 
reduced by the use of 32 pounds of 50 per
cent captan per acre as a single concentrated 
spray applied when the plants are young or 
when the disease appears. Captan controlled 
the disease also when applied weekly at 2 
lbs. (active) per 100 gals. of water, alternating 
with nabam + ZnS0, . While this schedule 
gave an excellent control of downy mildew 
during one season, it may not give satisfac
tory control of this disease during severe epi
phytotics. 

Maneb and nabam + ZnS0, have given su
perior performance in the control of downy 
mildew and in yield of marketable cucum
bers. The neutral copper fungicides should not 
be used for downy mildew control on cucum
bers. Maneb controlled powdery mildew under 
conditions of moderate disease development. 

Infection Grade Leaf Area 
Replication Affected 

1 2 3 4 Totr-il Percent 
0 0 1 l 2 1.0 
1 1 0 0 2 1.0 
1 1 1 1 4 2.0 
3 2 4 5 14 17.0 
3 2 3 3 11 · 10.0 
5 6 5 5 21 44.0 

4.2 
5.8 

Greenhouse screening tests have shown that 
while griseofulvin will significantly reduce the 
amount of powdery mildew it does not com
pare in effectiveness with the synthetic ma
terials. Karathane and Ovex were outstanding 
in their performance against powdery mildew 
in greenhouse screening tests. 
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NOTES ON CURRENT DEVELOPMENT OF 
GRAY MOLD, BOTRYTIS CINEREA FR., 

OF TOMA TO AND ITS CONTROL 

R. S. Cox AND N. C. HAYSLIP' 

The gray mold disease has been a serious 
problem in tomato production in certain areas 
of south Florida during the past seven years. 
In the fall of 1949 and spring of 1950, toma
toes in the Indian River area were severely af
fected by gray mold. Prior to this period the 
disease was of minor importance. Thus it is 
evident that two problems of paramount im
portance existed: (a) the reason for the trans
formation of an obscure disease to a position 
of great economic importance, and ( b) the 
development of an efficient control program. 

The answer to the first question was not 
forthcoming immediately, and additional re
search on control was needed. During the past 
( 1955-56) season some light was thrown on 
these unanswered questions. 

In preliminary tests at Rauth's stake-tomato 
farm, Delray Beach, both dichlone (Phygon) 
and ferbam (Fermate) showed appreciable 
degrees of control of gray mold. Materials 
ordinarily used in the spray program (nabam 
plus zinc sulfate, zineb and/or maneb) were 
ineffective. On one occasion the application of 
Phygon resulted in moderately severe foliar 
burn. This was believed to have been tied in 
with the high temperature (around 90° F.) 
occurring at time of application. 

In another experiment located at the Indian 
River Field Laboratory, Ft. Pierce, some un
expected results were obtained ( Fig. 1.). 
Where nabam was used with various combin
ations of metal salts, gray mold incidence was 
significantly higher than in the untreated 
check. In addition, several materials showed 
significant control. These were Vancide 51, 
Tennam, ferbam (Fermate), thiram (Thylate) 
and dichlone (Phygon). Where dichlone was 
used in mixture with nabam + zinc sulfate, 
the disease incidence closely paralleled that 
in the check plots. Although other interpreta-

l/Associate Plant Pathologist. Everglades Ex
periment Station. Belle Glade, and Entomologist, 
Indian River Field Laboratory, Ft. Pierce, respective
ly. 

GRAY MOLD INCIDENCE 

(JI 
I\) 

0 
I\) 
(JI 

Diehl one+ Nabam + ZnS04 

Tennam 

Vancide 51 

Fig. 1. Effect of various fungicide sprays on gray 
mold .incidence. Plots were rated from O to 36; 0 = 
no disease and 36 = severe dis~ase. Average of .,C. 
replications shown. 

tions of these results eventually may prove to 
be more correct, the most obvious ones at the 
present time are as follows: 

a) Repeated applications of nabam plus 
any of several metal salts render plants of the 
Manalucie tomato variety more susceptible to 
Botrytis gray mold than those receiving no 
fungicide. It should be noted that observa
tions indicate that this same phenomenon may 
apply where the zineb and maneb fungicides 
are used . extensively; also that the increased 
susceptibility is not restricted to the Mana
lucie variety. 

b) Vancide 51, Tennam, ferbam, thiram 
and dichlone each provides an appreciable 
degree of control of gray mold.· 
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c) Dichlone in mixtm:e with nabam-zinc 
sulfate tends to nullify the adverse effect of 
the latter. 

Data on fruit rot, caused by Botrytis and 
Rhizoctonia, were obtained ( Fig. 2). Some 
materials appeared to be effective against only 
one of the organisms, some against both and 
others against neither. The nabam plus metal 
salts fell in the last-named category. Dichlone 
appeared to be effective against Botrytis but 
ineffective against Rhizoctonia. Thiram, Ten
nam, Vancide 51 and ferbam appeared to re
duce disease caused by both organisms. 

It is emphasized at this point that the above 
is the result of one year's work, and that con
firmation of these findings is essential before 
final conclusions can be drawn. In the mean
time, however, it might well pay the grower to 
re-evaluate his spray program in the light of 
the evidence presented here. The writers are 
not prepared to make official recommendations 
at the present time, but would be glad to dis
cuss the problem with the growers at their re- · 
quest. 

ROTTED FRUIT/ 100 Lbs. 

"' 0 "' 0 
... 
0 

Nobom + feS04 

Nobom + ZnS04 + CuS04 

Nobom t ZnSO 

Nobom + ZnS04 + f.eS04 

"' 0 
O> 
0 

-,I 

0 

Fig. 2. Effect of various fungicide sprays on fruit 
rot. Chart shows number of rotted tomatoes per 100 
pounds of ungraded tomatoes. Average of 4 replica
tions. 

EVALUATION OF CONTROL METHODS FOR 
BLACKHEART OF CELERY AND BLOSSOM

END ROT OF TOMA TOES 

C, M. GEilALDSON 

Gulf Coast Experiment Station 

Bradenton 

During the past several years, recommended 
control methods using calcium ( 1,2) for blos
som-end rot of tomatoes and blackheart of 
celery have been used by growers in a num
ber of states and countries as well as in Flori
da. Experiments have been continued in the 
greenhouse for the purpose of determining the 
fundamental factor or factors causing these 
physiological disorders, so that the efficiency 
and effectiveness of the control method may 
be improved by a better understanding of 
the fundamental causal factors. The purpose 
of this paper is to point out and evaluate the 
major fundamental causes of the disorders so 
that application of proper measures can be 

Florida Agricultural Experiment Station Journal, 
1eries No. 531. 

regulated according to the evaluated and ex
pected effects of the varied and often inter
related factors. 

METHODS AND RESULTS 

From previous experiments it has _been con
cluded that a deficiency of calcium is a funda
mental factor causing blossom-end rot and 
blackheart ( 1,2). Greenhouse experiments with 
nutrient cultures were conducted this past 
year to study the effect of low calcium ratios, 
boron levels and excessive soluble salts on the 
calcium nutrition of celery, tomato and pepper. 

Single tomato ( STEP 250), celery (Pascal) 
or pepper (California Wonder) plants were 
grown in 2-gallon crocks containing an aerated 
nutrient solution which was changed once 
weekly. Results given in Tables 1, 2 and 3 
are from replicated experiments conducted 
during the fall of 1955. Similar results were 
obtained during the 1956 spring season. The 
calcium was determined on oven dry plant 
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tissue samples, using a flame photometer for 
the analysis. Tomatoes grown in solutions con
taining normal calcium ratios were compared 
to those grown in solutions containing low 
calcium ratios. Results of these experiments 
are presented in Table 1. 

Recorded responses of pepper and celery 
grown in solutions where calcium ratios, boron 
levels and soluble salt levels were compared 
are presented in Tables 2 and 3. 

D1scussroN 

From the data presented in Tables 1, 2 and 
3, it is evident that excessive soluble magnesi
um, potassium, sodium or ammonium salts or 
a deficiency of soluble calcium salts ( low cal
cium ratio) cause a decreased calcium uptake 
and an increased prevalence and severity of 
blossom-end rot and blackheart. On an equiv
alent basis ammonium affects the calcium nu
trition most severely while sodium has the 
least effect. 

Excess total salts also can cause a calcium 
deficiency and have frequently been associated 
with blossom-end rot and blackheart, even 
when the measurable calcium ratio is con
sidered normal or adequate. Conclusions as to 
how excess salts cause a calcium deficiency 
have not been reached. It is logical to expect, 
however, that as salt concentrations increase, 
the proportion of soluble calcium salts tends to 
decrease. Also due to a relative activity effect, 
the 'effective' concentrations of calcium salts 
tend to decrease with increasing total salt ( 2). 
Such effects may explain, at least in part, the 
results obtained. 

A deficiency of boron, accentuated by the 
high calcium levels, was associated with a thin
walled pepper which in turn appeared more 
susceptible to sunburn. Cracked stem of celery 
was similarly associated with the boron de
ficiency and appeared only at the higher cal
cium level. It should be noted that the calcium 
sprays prevented development of cracked stem, 
but might be explained on the basis of boron 
being a contaminant. By previous experiments, 
it was concluded that. boron sprays or various 
boron levels in the nutrient solution would not 
control blackheart. However, a deficiency of 
boron could affect the calcium uptake by the 
plant or movement within the plant. In these 
experiments, a deficiency of boron does appear 
to increase slightly the incidence of blackheart 
but would generally be considered of minor 
importance. From the evidence obtained it 
would seem that if the boron deficiency was 
severe enough to cause a calcium deficiency, 
severe cracked stem would also result. Cracked 
stem is generally not found in fields where 
blackheart is a problem. However, the accen
tuating of a boron deficiency by high cal
cium levels could be of major importance. 

All of the factors most frequently associated 
with outbreaks of blossom-end rot or black
heart during the past 50 years can be placed 
according to the mechanism by which they 
affect calcium nutrition into two major cate
gories; (A) low calcium ratios; and (B) ex
cess salts. 

Unfavorable moisture relationships have 
been associated more often with blossom-end 

Teble 1. · Effect on tornoto yields, incidence ot bloaoom-end rot and cel
cium content when potssoiwn, sodium, emmoniwn or mAgnesium 
replaced equivalent amounts of celcium in the nutrient 

culture• 

Calcium ratio Not anrsved + Ce Cl SDr8"8 
Cation per-

ppn Cs/ tielly re- Mltrk:etehle fruit Blossom-end rot ~ Ca Marketeble fruit Blosoom-end Rot 
nnm Salts pl,, cin11: Cs Number wt, rams.-J No·, .,, leaves Nllluber lirt,Jgms,I No. -,; 
150/1000 33 5092 0 0 1.35 26 3288 0 0 

50/1000 K 9 516 6 40 .80 24 2594 0 0 
50/1000 t1a 21 2824 4 16 ,95 38 4686 0 0 
50/1000 NH•• 4 l 135 3 75 .47 38 5726 6 13 
50/1000 Ilg 14 1676 4 22 ,67 48 5532 0 

•ne1d figures given in !!11 t~blee ere BWIUll8tiOn results ot 2 replicetes; percenteges ere 
evereges. 

**unepreyed pl11nte receiving this treetment wilted severely etter 2 dey pertod of cloudy 
w1111ther. Sprayed pl1mts did not wilt. 

0 
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rot and blackheart than any other factor. The 
role of moisture is considered as secondary in 
that it facilitates the operation of the primary 
factors (2). Movement of moisture in and out 
of the 'effective' root zone moves with it the 
salts that affect calcium nutrition. Salts, dur
ing dry weather or as a result of fertilizer top 
dressings, accumulate in the surface soil and 
rainfall moves these salts downward into the 
'effective' root zone, decreasing the calcium 
ratio. and often increasing total salt concentra
tion in that zone. Insufficient soil moisture as 
well as addition and accumulation of fertilizers 
can cause excessive concentrations of salts. Ex-

cessive soil moisture favors the accumulation of 
ammonium salts which on an equivalent basis 
( compared with the other cations) causes the 
most severe calcium deficiencies ( Table 1). 

E~;cess soluble salt ( 1, 2, 4, 5) and excess 
of certain nutrients such as nitrogen · and po
tash ( 1, 2, 3) have frequently been associated 
with the prevalence and severity of blackheart 
and blossom-end rot. . Additions of lime or 
superphosphate have sometimes been asso
ciated with a reduction of the incidence ( 1, 2). 
These factors would be considered primary in 
that they directly affect the calcium ratio or 
total salt concentration. 

Table 2. Effect of calcium ratios x borou levels and excess oslt 
levels on the yields, incidence ot blossom-end rot, 

sunburn end calcium content of pepper 

Celcium retio Blossom-end• Sunburned• Ce 
Ce total selts rotted fruit fruit lee1res fruit 
100 1000 1.22 ,17 

50/1000 • 5 ++ .62 .13 

150/1000 0 0 0 + ++++ ,99 .20 
50/1000 0 4 430 ++ .56 ,15 

450/3.000 .5 3 547 ++ ♦ 1.27 .12 
150/3000 .5 0 0 +++++ • 96 .16 

•The incidence end severity or blossom-end rot end sunburn '1113s detenr.ined by the number 
of fruit effected end the eventual severity. A• sign meens non-occurrence end the 
number of + signs indicates increeaing severity. (Fig. 1) 

Table 3, Effect of calcium ratios x boron levels end excess salt levels 
on the yields, incidence of blackheert end crsck:ed stem 

of celery 

unsl!rez:ed + Ca 
Calcium ratio Boron M!rlcetable Black- Cracked Marketable 

cfi! sE!'.az: 
eek- Crecked 

C Total Selts • )••heart• Stem• wt. (gms.) heart Stem 
100 1000 2400 

50/1000 515 +++ 2325 

150/1000 0 990 + ++++ 2520 
50/1000 0 530 +++ 2025 

450/3000 .5 1305 ++ 1820 
150/3000 .5 540 ++ ♦+♦ 1900 

•The incidence end severity of blsckheert and CI'!!cked stem was deter:nined by relative 
time or appearance and eventual severity st time of harvest. A - sign means non oc
currence end the number of+ signs indicates increasing seTerity. 

••Those indiceted es having bleckheert were not marketable but weights were included 
for eomP9rison. 
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F ig. 1. Incidence ar..d sever ity of blossom- e nd rot of peppers increase as calcium ratios d<:crease and t otal 
salts in crease. Ra tios indicate ppm calcium/ppm tot a l sal t s supp lied to the nutri e nt s olution and a re as 
follo ws: 

freatm e n t 
No. 

R a tio 

150/ 1000 
50/1000 

Trea tm en t R a ti o Trea tme nt 
No. 

R a tio 
No . 

3 1 4 1 150/1000 51 
52 

450/3000 
150/3000 32 42 50/ 1000 

Boron Yras omitted from No.'s. 41 a nd 42. Its a b :; e n ce was associated with a s unburn injury accen
tuated sev e re ly a t th e higher c a lcium ratio. 

Rapid growth, another associa ted fac tor, 
wou ld be considered as accentuating because 
it tends to increase the calcium requ irem nt 
per unit of time. 

A consistent supply of ca lcium from the soil 
solution is especially important because for all 
practical purposes, calcium within the p lant 
is not readily b·ans-located from older plant 
tissue to youn ger. Therefore the soil supply 
must b constant as well as adequate a t alJ 
times. Any combination of factors that cau es 
the plant requiremen t for calcium to xceed 
the supply, whether it is of a temporary na
ture or a deficiency of longer duration , can be 
associated with the disorders. 

CONTHOL METHOD 

l . Primary objective-maintain to the bes t 
degree possible a favorable calcium ra tio by 
supplying more soluble calcium salts and 
avoiding excesses, as much as possib le, of 

soluble potassium, magnesium or ammonium 
salts as well as tota l soluble salts. 

Most virgin sandy soil s in Florida contain 
insufficient potentia lly soluble calcium. Calci
um from the common liming materials is usual
ly only slowly soluble. W hen liming materials 
containing magnesium are utilized , less cal
cium as we!l as greater amounts of a com
petitive salt are being supplied per unit of 
liming material, However, the more soluble 
magnesium, potassium or ammonium salts, 
supplied mainly from fertilizers and decom
posing organic material, are potentially the 
main sources of competitive soluble salts. 
Amounts of nih·ate or ammonium nib·ogen can 
vary with the amount and rate of breakdown 
of organic matter as well as with amounts 
added in fertilizers. A high ammonium level is 
favored by low soil pH's and excessive soil 
moisture. (It is not recommended (1, 2 ) that 
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the nitrate sources of nitrogen replace the am
monium, because excess nitrate can increase 
the calcium requirement). Superphosphate, 
gypsum, calcium nitrate, and calcium chloride 
are good sources of the more soluble calcium. 
Soils cropped for a number of years and re
ceiving periodic additions of liming material 
and superphosphate gradually accumulate a 
good supply of potentially soluble calcium. 
The subsoil calcium, whether native or due to 
movement from that added to the top soil, is 
also important when considering the calcium 
supplying capacity of a soil. 

2. Supplementary objective - periodically 
utilizing calcium sprays during the time when 
the plant requirement is expected to exceed 
the soil solution supply. 

Timing is the key to successful use of cal
cium sprays for control of blossom-end rot and 
blackheart and is governed to a great extent 
by considerations discussed above. Calcium 
sprays should be appLed within 24-48 homs 
after rains ( especially if surface salts had ac
cumulated ) and have been leached into the 
'effective' root zone. When excess salts are 
causing the disorders, sprays are the only suc
cessful means of supplying calcium. Soil 
amendments during the growing season are 
generally not recom mended. Sprays should 
also be used during pe1iocl of most rapid 
growth. Calcium sprays should always be con
sidered as supplementary to that supplied from 
the soil solution and used accordingly; cor
rective-not curative. 

® 
4000 

Fig. 2. Incidence and severity of blackheart of celery increase as salt concentration s increase even 
though the "apparent'' calcium ra tios remain constant. ( R a tios ind icate ppm c alcium/ppm total salts 
supplied to th e nutrient solution) . Plants grown in s imilar so lution s and receiving periodic calciU!m 

s pray s did no t d evelop hlackh eart. 
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The interrelated effects of the several con
tributing factors will be accentuated to the 
degree the primary objective ( favorable cal- . 
cium ratio) of the control method has been 
neglected and thus make the supplementary 
objective ( calcium sprays) that much more 
difficult. 

POINTS OF EMPHASIS IN CONTROL OF 

BLOSSOM-END ROT OF TOMATOES 

1. Florida tomato soils often contain insuf
ficient amounts of soluble calcium and appli
cation (preferably before planting) of such a 
material as gypsum is frequently recommended 
as a means of obtaining a more favorable cal
cium ratio. 

2. Overall foliage sprays supply calcium to 
the leaves which probably allows more of the 
limited soil solution calcium to reach the fruit 
and thus prevent development of blossom-end 
rot. Although sprays are successfully used for 
control, they cannot be considered as the most 
efficient and successful way to supply calcium. 

3. Depending on the causal factors, various 
combinations of the primary and supplement
ary objective of the control method are recom
mended to try to insure a constant and ade
quate supply of calcium at all times. 

POINTS OF EMPHASIS IN CONTROL 

OF BLACKHEART OF CELERY 

1. Blackheart in Florida has frequently 
associated with excessive soil salts. In such 
cases application of calcium to the soil during 
the growing season is generally not recom
mended. Gypsum may be recommended if 
leaching can be accomplished ( generally be
tween growing seasons). When possible, excess 
salts should be leached out, or preferably, 
not added to the point of excessiveness. Ex
cessive salts have accumulated in certain muck 
soils and apparently do not leach out, even 
during the rainy season. \Vhenever excess salts 
( or low calcium ratios) are causing the cal
cium deficiency, calcium sprays can be used 
successfully for control of blackheart. 

2. Calcium sprays must be supplied directly 
to the heart of the plant for control and is con
sidered as an efficient way of supplying cal-

cium because it is supplied directly to the por
tion of the plant that is calcium deficient. 

3. In most cases, calcium sprays are recom
mended for control of blackheart because 
sprays can be completely successful regardless 
of the factors involved and even under con
ditions so severe that 100 percent of unsprayed 
plants would be affected. 

SUMMARY 

All of the factors most frequently asso
ciated with the prevalence and severity of 
blossom -end rot of tomatoes and blackheart of 
celery, according to the mechanism by which 
they effect calcium nutrition, can be placed 
into two categories: 

(a) Excessive soluble ammonium, potassi
um, magnesium or sodium salts or a deficiency 
of soluble calcium salts ( low calcium ratio) 
cause a decreased calcium uptake and in
creased incidence of the physiological dis
orders. 

( b) Excess total salts also can cause a cal
cium deficiency and has frequently been as
sociated with the prevalence of these disorders 
even when the measurable calcium ratio is con
sidered high or adequate. It was also found 
that a boron deficiency was accentuated by 
the higher calcium ratios. 

A discussion and evaluation of the recom
mended control methods is based on the fund
amental factors causing the calcium deficien° 
cy. The control method can be used most . ef
ficiently and effectively if the so_il solution 
calcium is supplemented by calcium sprays to 
maintain a constant and adequate supply of 
calcium to meet the plant requirement. 
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CONTROL OF DISEASES IN THE 
CELERY SEEDBED 

R. S. Cox 

Everglades Experiment Station 

Belle Glade 

The lack of an adequate disease control 
program for the seedbed has been a serious 
limiting factor in celery production in the 
Everglades area. Certain materials have looked 
promising for disease control one year, and 
wholly ineffective the next. It is evident that 
familiarization with the various diseases was 
essential to the development of an intelligent 
control program. Therefore, objectives of the 
work during the past three seasons have been 
to clarify the disease picture and to develop a 
suitable control program. 

THE DISEASES 

Common root diseases included root knot 
and "red root." The etiology of the latter is 
not clear but it appears that several fungi 
( Fusarittm sp. , Pythium sp. and Rhizoctonia 
solani) may be involved. It is also conceivable 
that ectoparasitic nematodes may play a role 
in this complex. 

Foliar diseases of common occurrence in
clude Rhizoctonia (late) damping off, early 
blight ( Cercospora apii) and late blight ( Sep
toria apii). During the course of this wo:k tw? 
other diseases were observed. One was identi
fied as bacterial blight ( Pseudomonas apii) 
and the other, tentatively, as anthracnose 
( Colletotrichum sp.). The latter apparently 
has not been described previously on celery. 

Positive identification of these various dis
eases in the field is extremely difficult. This 
is especially true for the two most common 
ones, early blight and bacterial blight. Bac
terial blight lesions, however, are more angular 
in appearance than early blight and have a 
deeper reddish-brown color. Ano~her dist!n
guishing feature is that leaves affected with 
early blight become chlorotic (yellow) more 
rapidly and to a greater exte~t tha~ do those 
affected with bacterial blight. Still another 
and perhaps the most striking means of iden
tification of bacterial blight is the detection of 
a very characteristic odor given off by plants 

affected with this disease. To some the odor 
is sweetish in context, to others it is reminis
cent of malt, while to still others it is sug
gestive of scalded . celery. Observations indi
cate that the causal organisms of these two 
diseases frequently occur together in the same 
lesion. Under such conditions identification 
becomes all the more difficult. 

The apparently new disease was observed 
by the writer for the first time during the 
current ( 1956-57) season. Colletotrichum sp. 
was associated with the lesions, and green
house inoculation studies are under way. Dis
eases caused by members of this genus are 
known as the anthracnoses . A cursory review 
of the literature failed to reveal a report of 
anthracnose on celery. Based on discussions 
with growers, apparently it is not new in the 
Everglades however, but is of sporadic occur
rence ( suggesting seed transmission). It has 
been referred to in the past by the growers as 
"nailhead." 

The disease is characterized by the appear
ance of small reddish-brown spots that grad
ually enlarge to 1/25 to 3/25 inch in diameter. 
Thus their small size readily sets them apart 
from the "blight" diseases. The center of the 
spots become whitish in color with age. · Acer
vuli ( fruiting bodies) of the fungus have not 
been found on leaves attached to plants. They 
do form on leaves that,have reached an ad
vanced stage of decay in the moist chamber. 
In the field, severely infected leaves gradually 
turn yellow and die. 

CONTROL 

Once the causal relations of the various 
diseases were established it was obvious that 
a two-phase program was essential for maxi
mum control. This involved soil fumigation 
before seeding, followed by a foliar spray pro
gram after seeding. 

Soil Treatment: 
Of some 30 particulate · materials and soil 

fumigants tested, methyl bromide and chloro
picrin were outstanding in overall perfor
mance. Two other materials, Vapam and Crag 
97 4, showed some promise, but were erratic 
and therefore are not recommended at present. 
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As to the relative merits of methyl bromide 
and chloropicrin, each has good and bad points. 
Methyl bromide provides excellent control of 
the root rots, root knot and weeds, and a 
measure of control of Rhizoctonia damping
off. Its main disadvantages are three-fold: 1) 
covers that are necessary to confine the fumes 
are bothersome to put in place, 2) chlorosis 
of the plants occurs sometimes following treat
ment, and 3) the gas is highly poisonous to 
man. 

Chloropicrin, although good, is less effec
tive than methyl bromide against the root rots, 
weeds, and damping-off. It does an excellent 
job, however, on root knot. With proper ap
plicators such as some growers have devised, 
the material is not difficult to apply. This, 
together with the fact that covers are not es
sential ( fumes may be confined with a water 
seal), serves as a distinct advantage for chloro
picrin. 

Except for the occasional yellowing in beds 
treated with methyl bromide ( see above), 
plants produced in beds treated with either of 
these soil fumigants are exceptionally vigorous, 
and are usually of suitable size for transplant-

. ing 10 days to two weeks before those in non
treated beds. 

Foliar Sprays: 
As stated above, growers were perplexed 

with the problem of a fungicide giving satis
factory control one year and not the next. In 
such a situation it is logical to suspect that 
more than one, perhaps many, diseases may 
be involved. Each disease may come to the 
forefront when the occurrence of primary inoc
ulum coincides with weather conditions favor
able for that particular disease. This actually 
proved to be the reason for the erratic perfor
mance of fungicides in the celery seedbed. 

For example, zineb controls early and late 
blight and is moderately effective against 
anthracnose, but is ineffective against bacterial 
blight. It does not provide adequate control of 
damping-off. On the other hand, neutral cop
per controls damping-off, bacterial blight ( to a 
degree) and anthracnose, but is inadequate 
against early blight. Now, since identity of 
these various diseases frequently requires 
microscopic examination, the need for a blank
et spray program involving a mixture of several 
materials is evident. As a result of exhaustive 
field trials; several such progra!lls are avail-

able to the grower which to date have pro
vided control for all the leaf diseases. These 
are as follows: 

I. Chloranil (Spergon) 4/100; zineb 
( 2/100) and agricultural streptomycin ( 25-50 
ppm). 

2. Neutral copper (4/ 100), zineb (2/ 100) 
and streptomycin ( 25-50 ppm) . 

The above mixtures are slightly incompati
ble and cause some injury when used before 
cold weather (prior to September 15) sets in. 

A new material (Thylate) showing consid
erable promise may be substituted for Sper
gon or the neutral coppers. It has the two
fold advantage of being compatible with zineb 
and being much cheaper than Spergon or 
copper. It has shown excellent control of 
damping-off and early blight. Although when 
used alone it gave little control of anthracnose, 
a mixture of zineb and Thylatc provided bet
ter control of this disease than either material 
alone. 

Another new material showed promise 
against early blight in a preliminary field test. 
It has been known variously as B-622, Kemate 
and Dyrene. Plots . sprayed with Dyrene were 
practically free of early blight whereas zineb
sprayed plots showed moderate to severe in
fection. 

SUGGESTED PnocEDURE Fon D1sEASE CONTROL 

1. Fumigate beds ( 4 ft. x 300 ft.) before 
seeding with methyl bromide ( 12-24 'pounds/ 
bed) or chloropicrin ( 1-2 gals./bed) . 

2. Maintain vigorously growing plants at 
all times by means of proper fertilization and 
irrigation. A rapidly growing celery plant can 
withstand disease better than a weak deficient 
one. 

3. Avoid over-exposing seedlings to the sun 
during the "hardening-off" process, especially 
before mid-September. 

4. Avoid shearing plants too close to the 
ground-no closer than three to four inches 
during hot weather. 

5. Adopt a disease prevention spray pro
gram using an appropriate combination of 
materials as described above. Apply 10 gal
lons per bed per application. 

6. Spray every five days to three times 
weekly during the rainy season. Later in the 
season spray once weekly. 

In conclusion it is emphasized that although 
the above program is "time tested", it is only 
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effective when used in a prevention program. 
It is not designed to cure. For example if 
bacterial blight gets out of hand, streptomycin 
should be stepped up to higher concentra
tions ( 100 ppm or even higher) and neutral 

coppers should be included in the spray 
( these two materials are additive in their ef
fect against · this disease). In other words, we 
have yet to find a substitute for the grower's 
own good common sense. 

THE ASSAY OF STREPTOMYCIN AS IT 
RELATES TO THE CONTROL OF 

BACTERIAL SPOT 

GROVER SOWELL, JR. 

Gulf Coast Experiment Station 

Bradenton 

INTRODUCTION 

Streptomycin is now used commercially in 
the control of bacterial spot (Xanthomonas 
vesicatoria (Doidge) Dows.) of tomato and 
pepper as a result of the work of Conover 
( I, 2) and Cox ( 3). Studies on the mechan
ism of action of streptomycin may result in the 
more efficient use of the antibiotic with a 
resultant reduction in the cost of the treat
ment. 

The objective of the present investigation 
was to improve the efficiency and timing of 
streptomycin applications in the field by 
studies of the action of this antibiotic in con
trolling bacterial spot. The preliminary work 
reported here was concerned primarily with 
the development of suitable techniques for 
the bioassay of streptomycin in plant tissue. 

LITEHA TURE REVIEW 

Mitchell et al ( 6) developed a technique for 
detecting streptomycin in plant juice using the 
common bean blight organism, Xanthomonas 
phaseoli (E.F.Sm.) _Dows., as the test organ
ism. They demonstrated the absorption and 
translocation of streptomycin in bean plants 
and the effectiveness of the translocated anti
biotic against halo blight of bean, Gray ( 5) 
used a streptomycin dependent strain of Es
cherichia coli ( Mig.) Cast. & Chai. to detect 
increased levels of streptomycin in bean plants 
due to the inclusion of glycerol in the spray 
containing the antibiotic. He washed the bean 

Florida Agricultural Exl)eriment Station Journal 
Series. No. 532. 

leaves to remove the surface streptomycin and 
inoculated them with Xanthomonas phaseoli. 
The increased absorption of streptomycin due 
to the addition of glycerol resulted in a higher 
degree of disease control than was obtained 
with the streptomycin alone. Crossan and 
Krupka ( 4) failed to detect streptomycin in 
pepper plants which had received sufficient 
streptomycin to protect them against the bac
terial spot organism, Xanthomonas vesicatoria. 
This indicates that streptomycin on the surface 
of the plant rather than absorbed streptomycin 
is of primary importance. in protecting pepper 
plants against X. vesicatoria. 

MATERIALS AND METHODS . 

Tomato plants of the variety Jefferson were 
grown in clay pots containing soil which had 
been fumigated with methyl bromide. When 
the plants were from four to eight inches tall, 
groups of a minimum of four plants each were 
sprayed with one of the following materials: 
( l) Agristrep at 496 p.p.m. streptomycin 
base; (2) Agrimycin at 525 p.p.m. streptomy
cin base; ( 3) streptomycin STS Merck at 500 
p.p.m.; ( 4) streptomycin STS at 500 p.p.m. 
+ l percent glycerol. Two applications of the 
above antibiotic solutions were made 3 days 
apart. Both surfaces of all leaves on the plants 
were sprayed with a De Vilbiss No. 15 atom
izer until run-off occurred. As soon as the 
plants dried from the second application the 
leaves of two plants receiving each treatment 
were removed for bioassay. Four of the plants 
receiving each treatment were washed and 
all plants were inoculated with a suspension of 
X. vesicatoria prepared by growing the bac
terium on potato dextrose agar. The plants 
were incubated in a moisture-saturated at
mosphere for 48 hours. Ten days after removal 
from the moist chamber, counts of the num-
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ber of spots appearing on the plants were 
made. The leaf samples were p laced in wide
mouthed florence flasks containing deionized 
water. The flasks were stoppered and shaken 
on a mechanical shaker for 30 seconds. The 
water was drained from the samples, the 
fl asks refilled with fresh deionized water and 
the shaking repeated. This washing was re
peated an additional 5 times. After the samples 
were blotted and the excess moisture allowed 
to evaporate from the surface of the leaves, 
they were wrapped in aluminum foi l and 
stored in a deep-freeze refrigerator until as
sayed . After each sample was allowed to thaw 
it was wrapped in cheesecloth and the plant 
juice exh·acted with a garlic press . In initial 
experiments exh·action was accomplished by 
manually twisting the cheesecloth containing 
the sample. 

In anot11er experimen t pepper plants were 
sprayed weekly with Agristrep at a concenh·a
lion of 500 p.p .m. At each application elate 
two additional plants \Vere added to the group 
of sprayed plants. This resulted , at the encl 
of the fifth application, in plants which had 
received from 1-5 applications. One of the 
two plants in each group was \Ya bed. All 

plants were inoculated with X. vesicatoria and 
incubated as described above . 

During the preliminary phases of this inves
tigation two organisms, Xanthomonas phaseoli 
and a streptomycin dependent strain of Es
cherichia coli were discarded when they gave 
unsatisfactory results with some samples. 
Xanthomonas vesicatoria designated TS 8, a 
single colony isolate from tomato, was used 
with consistent success. This organism was 
kept under oil on Jima bean agar tor 19 
months with no apparent loss of viru lence. 
Bacillus s11btilis Cohn. 1.B. 964 from Dr. R. 
A. Gray of Merck & Co ., which appears to be 
more sensitive to sh·eptomycin than is Xc1.11tho-
111011as vesicatoria, was also used during recent 
bioa says. 

The foJlowing bioassay procedure using X. 
cesicatoria is a modification of the method used 
b_v :-.!itch ell et al ( 6). A base layer consisting 
of five ml. of Difeo Streptomycin Assay Agar 
was added to petri dishes manufactured es
pecially for bioassay. Five ml. of Streptomycin 
Assay Agar seeded with cells of X. vesica.toria 
was added to each dish to form the seeded 
]aver. Bioassay discs (S&S 740-E) were clipped 
i1{ the plant juice sample to be assayed, 

Fig. 1. Bioassay of streptomycin using Xanthomon as vesicatoda. Top row: standards in plant juice, 
le ft to right, 0 , 50, 100, 150 p.p.m. s treptomycin base. Bottom row: j ui ce from plan.ts s prayed with s trep to~ 
mycin at approximately 500 p.p.m. as Agri s trep, Agrimycin, streptomycis STS, and s tre ptomyc in STS + 1 % 
glycerol. R e ference di sc in th e le ft of each dish was dipped in 50 p .p.m. s treptomyci n in de ionized wate r. 
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drained and placed on the surface of the 
seeded layer. Following a 24-hour incubation 
period at 30 ° C., the size of the inhibition zone 
surrounding each disc was measured to the 
nearest mm. 

The procedure followed in utilizing B. s11b
tilis as the test organism was modified in sev
eral ways. This bacterium was grown on 
Streptomycin Assay Agar + one percent dex
trose at 37° C. for one week. The bacteria 
were suspended in sterile deionized water and 
washed by centrifugation in several changes of 
the water. Before the last washing the bac
terial suspension was heated for 30 minutes · 
at 65° C. After the discs were placed on the 
seeded agar, the plates were incubated at 37° 
C. for 18-24 hours, and the inhibition zones 
were measured. 

A set of standards containing various con
centrations of streptomycin base in expressed 
plant juice was included with the unknown 
samples in each bioassay. The average size of 
the inhibition zones produced by each stand
ard was plotted against the concentration of 
streptomycin on a three cycle, semi-logarithmic 
graph. The concentration of streptomycin in 

the unknown samples was read from this 
graph. 

RESULTS 

The streptomycin content of tomato plants 
sprayed with two applications of the antibio
tic at approximately 500 p.p.m. varied from 
37 to llO p.p.m. (Table I). Removal of the 
surface str~ptomycin had no influence on the 
severity of bacterial spot on these plants. 

In preliminary tests with pepper the ab
sorption of streptomycin was very similar to 
that of tomato. The results of inoculation tests 
indicate that surface streptomycin may be 
more important in protecting pepper than in 
protecting tomato ( Table 2). 

D1scuss10N 
In the tests reported here, absorbed strepto

mycin was apparently of primary importance 
in protecting tomato plants against bacterial 
spot. These results tend to confirm those of 
Mitchell, et al ( 6) and of Gray ( 5). Surface 
streptomycin may also be important especially 
in the feld where streptomycin absorption may 
not be as rapid as it is in the laboratory. 

The absorption of streptomycin by pepper 
appears to be quite similar to that of tomato. 

Table 1, . Stre:otomycin content o.t' tomato pbnts r.1nd the 
number o•' spots developins d1en plnnts 'l'1ere 

inoculeited ".'ith Xnntho!llonos vesic,,torie 

Trerit~1ent 
i\gristrep 
Agrimycin 
3trepto1~ycin STS 
3trepto:n)' cin 3TS 

+ lfo glycerol 
Deionized i·X'l t er 

Streptom.vcin con
tent of juice 

Pl!in t ,h Pl<! i1t .'f2 
3? 46 
86 100 
45 45 

110 llO 
0 0 

Averr:,ge number of 
bncterir:-1 soots 

'."iahed olr-mts Um .. rished o]p.nts 
1.2 1.0 
0.0 l.? 
1.2 l.? 

2.5 
2?.2 

0.5 
50.5 

Table 2, Number of le0fspots apper-irins on pepper pbnts 
following 1-5 sprr-i:,r e ,,plicritions of streptomycin r-it 

500 p.p.m. flllrl. it1ocubtiou with 
X2nthomonns vesicr-itoria 

Number oi applications Nun.her of spots 

1 
2 
3 
4 
5 

2?2 
431 

1199 
933 

1168 

Unw,:ished pbuts 
?6 

559 
32.2 
8? 

556 
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Results of inoculation tests indicate that sur
face streptomycin is more important in pro
tecting pepper against bacterial spot than it 
is with tomato. This supports the conclusions 
of Crossan and Krupka ( 4) . 

Experiments are in progress to correlate the 
laboratory results with control of bacterial spot 
in the field. By following the streptomycin 
level in plants in the field it may be possible 
to more clearlv understand the success or 
failure of certai~ concentrations and schedules 
of applications to control the disease. It may 
also be possible to more accurately evaluate 
the potentialities of certain additives, which 
increase the absorption of streptomycin, in con
trolling the disease. 
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CONTROL OF POLE BEAN RUST WITH 
MANEB-SULFUR DUST 

ROBERT A. CONOVER 

Sub-Tropical Experiment Station 

Homestead 

Rust (Uromyces phaseoli typica Arth.) is 
perhaps the most serous disease affecting pole 
beans in Dade County. It is most severe dur
ing the months of February, March and April, 
but it may cause considerable damage during 
the fall and winter months. Sulfur dust applied 
by airplane is the control commonly used for 
rust. Most growers use from six to twelve ap
plications for a given planting. Sulfur usually 
gives commercial control of rust during the 
fall and winter, but often fails to give adequate 
control during the spring months. 

Experiments were started in 1955 to find 
a better control for rust than sulfur. Only dusts 
were studied because it was recognized that 
under present cultural practices spray equip
ment could not be used in a pole bean field. 
Sulfur rather than some inert material was 
used as a diluent in order that its fungicidal 
effect might be realized also. For convenience, 
the dusts will be referred to as "maneb dust," 
"zineb dust," or "copper dust." The reader 
should understand that sulfur was also present 
in these dusts and the rnsults obtained were 
due to the combined effect of sulfur and the 
other fungicide present. 

Plots consisted of two 50-foot rows of rust
susceptible McCaslan pole beans. Plots to 
which experimental dusts were applied were 
separated by buffer plots. Rust was not con
trolled on the buffer plots. This provided for 
an abundance of inoculum and also served to 
indicate the uniformity and severity of rust in 
the plots during the experiments. The tests 
were started in late February in order that 
the fungicides might be tested during the 
period when rust was most severe. Dusts were 
applied with a high-clearance power duster 
equipped with six outlets so arranged to give 
good coverage of the vines. From 40 to 45 
pounds of dust per acre was applied each ap
plication. 

The first experiment was made to determine 
if maneb, zineb, or copper added to sulfur 
would improve rust control. Seven applica
tions were made at approximately weekly in
tervals. Rust was severe during the experi
ment. 

Maneb dust was much superior to sulfur 
in rust control and yield ( Table 1). The 
maneb-dusted plots, which yielded almost 
twice as much as other plots, were the only 
plots to produce a third picking. Zineb and 
copper dusts were not superior to sulfur alone. 

Although the rrianeb-dusted plots were out
standing, the control obtained left much to be 
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Table 1. Effect of fungicidal dusts on rust control and yield of pole 
beans, 1955 experiment. Figures are averages of two replicates. 

Treatment 

Check 
Sulfur 
Sulfur+ 6,5% zineb* 
Sulfur+ 7% maneb* 
Sulfur+ lafo Tribasic Copper Sulfate 

* active ingredient. 

desired. Observations clearly indicated that 
weekly intervals between applications were 
too long for good control of rust. This was 
particularly evident during the period when 
vines were elongating rapidly. 

In 1956, two dosages of maneb were com
pared with sulfur and in two treatments man
eh dusts were applied on different schedules. 
These treatments (Table 2) were designd to 

'fo defoliation 
( second picking) 

63 
14 
14 

trace 
13 

Hampers/Acre 

44 
158 
139 
285 
136 

give an indication of how much maneb was 
required and when it should be applied. Dusts 
were applied on a twice-weekly schedule until 
beans were setting and every five clays there
after for a total of 11 applications. 

Rust was extremely severe causing complete 
defoliation of the checks before the second 
picking. In rust control ( Table 2), all maneb 
dusts were much superior to sulfur with 7% 

Table 2. Effect of fungicidal dusts on rust control and yield of pole 
beans, 1956 experiment. Figures are averages of four replicates. 

Rust Index* Yields {HamEersLA,) 
Treatment (second picking) Marketable-Total 

1. Check ---** 24 48 
2. Sulfur 5.0 138 234 
3. Sulfur+ 3M, manebff-11- 2.5 200 324 
4. Sulfur+ 71, manebff-11- 1.0 226 344 
5. No. 2 until beans set, then No. 4 3.8 133 216 
6. No. 2 and No, 4 alternated until 

beans set, then No. 4 2.5 201 324 

Least Significant Difference@ 5% level 0.9 32 53 
If 

II II @ 1% II 1.2 43 72 

* 1 = 0 to 10 lesions per leaflet, no yeilowing; 2 = 10 to 30.lesions, oc
casional yellowed spots; 3 = 30-60 lesions, parts of few leaflets yellowed; 
4 = 60-120 lesions, most leaflets with yellowed areas; 5 = 120 or more 
lesions, all leaflets prominently yellowed and many with dead areas. 

** Checks were defoliated by rust, thus leaflets were not available for indexing 

*** Active ingredient. 
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maneb being significantly superior to 3.5% 
maneb. \Vhen sulfur was alternated with 7% 
maneb prior tc:i bean set, rust control was equal 
to 3.5% · maneb. In this comparison the same 
amount of actual maneb was applied prior to 
setting of beans. Where sulfur was used until 
beans were setting followed by 7% maneb, 
rust control was much inferior to regular man
eh applications but was better than sulfur 
alone. Although sulfur was much inferior to 
maneb dusts, it did give significant control of 
the disease. 

Bean yields were markedly influenced by 
the treatments. The three highest yielding 
treatments were those where maneb dusts were 
applied during vining prior to bean setting. Al
though . 7% maneb gave rust control signifi
cantly superior to 3.5% maneb, yields were 
not significantly different. This may mean that 
the amount of rust uncontrolled in the 3.5% 
maneb plot was not sufficient to have had a 
marked effect on yield. \Vhere sulfur was used 
before bean set followed by 7% maneb, yields 
were no better than sulfur alone, although rust 
control was somewhat better. This is inter
preted to mean that rust control before bean 
set has more effect on vield than control later 
in the crop. • 

The maneb dusts used in these experiments 
are much more costly than sulfur dust. The 
information and figures in Table 3 were com
piled to · give an idea of the cost of the treat
ments used in the second experiment, and the 
value of the crop produced. In these calcu
lations, a fixed production cost ( exclusive of 

fungicides) of $350 per acre was assumed, as 
was a sale price of $3 per hamper for beans. 
Several things are apparent in considering 
these figures. It is evident that although man
eh dusts were most expensive, their use, under 
the conditions of this experiment, was highly 
profitable. The 3.5% maneb dust cost $32 per 
acre more than sulfur; its use in this experi
ment resulted in an increase of $186 in the 
value of the crop. Seven percent maneb dust 
cost $55 an acre more than sulfur and pro
duced a crop worth $264 more; however, 7% 
maneb cost $23 per acre more than 3:5% 
maneb and produced an additional income of 
only $78 per acre. Plots dusted with sulfur did 
not show a profit. Several factors might influ
ence the applicability of these figures to com
mercial conditions. If rust were mild the rela- · 
tive position of sulfur would likely be im
proved. If rust were more severe, 7% maneb 
might appear more favorably in relation to 
3.5% maneb. Obviously, production factors oth
er than rust affecting yields might alter the 
returns expected from use of these dusts. 

The results of these experiments indicate an 
improvement in rust control can be obtained 
with maneb dusts. It is also quite evident that 
this will increase considerably the cost of con
trol. These results were obtained from plots 
which were bordered by plots on which rust 
was uncontrolled. It seems reasonable to ex
pect that under less severe conditions com
mercial control might be obtained with dusts 
containing less maneb. Perhaps 3.5% maneb 
will prove to be sufficient under commercial 

Table 3. Cost and returns from use of fungicidal dusts on pole beans, 
1956 experiment. Calculations based on 11 applications of dusts 
@ 45 lbs./acre/application, a growing cost of $350/ar.re (exclusive 
of ·dust co~ts), yields of beans/treatment as shown in Table 2, and 
a return of $3/hamper. Except for cwt. cost of dusts, figures · are 
to the nearest dollar. 

Fungicidal Dusts Cost of Dust Production Crop Profit 
~w'E. Per Acre Cost/Acre Value or Loss 

Check (no dust) 0 0 $350 $ 72 -$278 
Sulfur $ 2.68 $15 365 342 23 
Sulfur+ 3r :naneb 8.75 47 397 528 + 131 
Sulfur+ 7 maneb 13.00 70 420 606 + 186 
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conditions where an entire field is treated and 
rust does not develop nearby. Should this 
prove to be the case, the per acre cost of rust 
control on pole beans would be about the same 
as the cost of controlling fungus diseases ol 
tomatoes. 

Until more evidence is secured concerning 
the most effective and economical concentra
tion of maneb in dusts, the writer is suggest
ing that dusts containing 5% maneb be used 
by growers interested in experimenting with 
this dust. Its use will be most profitable during 
those periods when sulfur alone does not give 
adequate control. 

Timeliness of application is essential for rust 
control regardless of whether one uses maneb 

or sulfur dusts. Experience indicates that dur
ing periods when rust is severe, applications 
should be made twice weekly before beans 
start setting and every five days thereafter. 
Somewhat longer intervals between applica
tions may be satisfactory when rust is less 
severe. 

Some growers in· the Homestead area have 
been spraying with maneb two or three times 
before the fields are staked. This is a most 
worthwhile practice for it helps to prevent 
rust infections on the bottom leaves which are 
often infected before most control programs 
are started. Such treatment is a valuable ad
junct to the dusting program. 

FUNGICIDAL, HERBICIDAL AND NEMA TO
CIDAL EFFECTS OF FUMIGANTS APPLIED 

TO VEGETABLE SEEDBEDS ON 
SANDY SOIL 

A. J. OvERMAN AND D. S. BuRGIS 

Gulf Coast Experiment Station 

Bradenton 

Control of pests in the light, sandy soils of 
Florida is, at best, an expensive operation. 
Moderate soil temperature and year-round 
presence of living hosts make such control dif
ficult. To supplement the cultural control 
measures known to be sound practice, various 
chemicals are sometimes used. The first step 
in profitable vegetable growing is the produc
tion of vigorous, healthy seedlings. Therefore, 
seedbed management-including control of 
weeds, nematodes, and soil fungi-is an im~ 
portant phase of vegetable crop production. 

During the last 20 years, many chemicals 
capable of killing some of these pests have 
been developed. Some have shown promise 
under Florida conditions, but none has proven 
an ideal material; that is, one which possesses 
herbicidal, fungicidal, and nematoddal prop
erties and, at the same time, does not leave 
toxic residues in the soil for . an inconvenient 
length of time. In tests to develop such a soil 

Florida Agricultural Experiment Station Journal 
Series No. 441. 

treatment, a few of the newer chemicals have 
given interesting results. 

Allyl alcohol (2-propen-1-ol) soil drenches 
have been found to exhibit excellent fungicidal 
and herbicidal properties ( 3,5). Since I 949 ex
tensive work has been carried out on its use 
in seedbed preparation. Decision to test .mix
tures of allyl alcohol with standard nemato
cides such as EDB ( ethylene dibromide) and 
D-D ( 1,3 dichloropropene and 1,2-dichloro
propane mixture) came about . because it is 
economically desirable . to control as many 
pests as possible with one operation. In this 
paper, the effectiveness of these soil drenches 
is compared with that of newer materials, such 
as Nemagon ( 1,2-dibromo-3-chloropropane), 
Crag Mylone ( 3,5-dimethyl-tetrahydro-1,3,5, 
2H-thiadiazine-2-thione), and Vapam (sodium 
N-methyl-dithiocarbamate). 

METHODS AND MATERIALS 

Preparation and cultural management of the 
experimental seedbed area were carried out as 
suggested by the Florida Agricultural Experi
ment Station ( 1) . Four replications of each 
soil treatment were established on 12-square
foot plots of Leon sand. These averaged pH 
5.2 throughout the growing season. The mois-
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ture equivalent of the soil was 3.36; the mois
ture content at time of treating was 12 per
cent. Temperature of the soil at a 4°inch depth 
averaged 29° C. when the materials were ap
plied. 

One series of treatments (A) which re
quired 10 to 14 days between treating and 
sowing included: Crag Mylone at 200#/ A 
rate; Vapam at 200#/ A rate; and a mixture 
of Nemagon at 34.6#/ A plus ally! alcohol 
at 177.5#/ A. Another series (B) which re
quired 5 to 7 days before sowing included: 
ally] alcohol at 177.5#/ A; and D-D at 260 
#/ A plus ally! alcohol at 177.5 #/ A. 
Shell AC4101 was the emulsifier used in all 
cases. All chemicals were applied as drenches 
in rn gallons of water to the 12 sq. ft. area 
(5450 gal./ A); this same volume of water was 
also applied to the check plots. 

Other treatments involved in the experiment 
( 2) fell short in plant production and could 
not be considered efficient soil treatments. De
tailed data concerning them will not be · dis
cussed. 

The four crops used in these tests are wide
ly grown in this area during the late summer 
season. Yolo Wonder peppers and Florida 
:rvfarket (Cook's strain) eggplant were chosen 
because of the length of time required for the 
seedlings to reach transplanting size. They are 
good indicators of the longevity of protection 
afforded by the treatments because of their 
slow development. Cabbage, though a quick
growing seedling, is very · susceptible to the 
ravages of soil fungi. Since seedlings of cab-

bage and other crucifers are quite sensitive to 
the copper drenches normally suggested for 
seedbed control of damping-off, it is highly 
desirable to develop some other means of pro
tection for them. The variety used in these 
tests was Copenhagen Market. Tomatoes are 
one of the most important crops on Florida's 
\Vest Coast; therefore, the variety Grothen's 
Globe, recommended for fall use, was in
cluded as the fourth crop. 

The following plant and soil microbiological 
responses were of special interest: ( 1) number 
of plants produced suitable for field setting 
(transplants) , ( 2) percentage of plants lost to 
post-emergence damping-off, ( 3) rootknot in
dex ratings of plant roots, ( 4) weed population 
counts, ( 5) gross numbers of ectoparasitic and 
free-living nematodes in the soil, and ( 6) pop
ulation counts of Fttsaria spp. in the soil. Num
bers of nematodes in the soil were determined 
by the modified Baermann technique and 
counts of colonies of Fusaria were recorded 
by the dilution plate method ( 4). 

The ultimate criterion in judging the value 
of any soil pesticide is the quality and quan
tity of the crop produced. Even though a ma
terial sho\1ld pay for itself in increased num
bers of healthy, uniform transplants produced, 
information concerning the changes in soil 
processes and the populations of microorgan
isms is helpful in interpreting the success or 
failure of a treatment. 

EXPERIMENTAL DATA AND DISCUSSION 

The comparisons of transplants (Table 1) 
from the four crops showed that Vapam, Nern-

Table: L . Hu.11.'1:ler o!' T!.'ansplants Fro-.~uced in 4 F:::et o': Row 

Group A 
Check 
t:err.agon plus AU;-,rl Alcohol 
Cr.:;; Nylone 
Vapam 

L.S.D. (41) 

Croup B 
Check 
Allyl Alcohol 
D-D plus Allyl Alcohol 

L.S6J. (66) 

f·epf er 

?1 
J.J.. 

139 
94 

174 

55 
149 

4 

Tomato 

27 
:.J.C 
1•-? 

\,.,..J 

164 

32 
178 
130 

;sf£plant 

8 
105 

68 
117 

59 
156 
131 

Cabbage 

·7 
102 
62 

109 

36 
159 
154 
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agon plus ally! alcohol, and Crag Mylone al
Jow_ed more transplants to develop. Among 
the materials in the series which required a 
shorter waiting period before seeding, ally! al
cohol produc€d the best results on all crops; 
the mixture of D-D plus ally! alc<;>hol was toxic 
to pepper, but did not inhibit the other three 
crops. 

The production of quality transplants . is in
versely proportional to the amount of damp
ing-off which occurs in the beds. The control 
of damping-off organisms, expressed as the 
percentage of emerged plants that were lost by 
actual count, shows (Table 2) that all the 
materials decreased damping-off. Plots treated 
with Crag Mylone and ally! alcohol were free 
of post-emergence damping-off. Differences in 
amount of damping-off may be influenced by 
the degree of weed control achieved by a 
chemical treatment. Fast-growing weeds create 
a condition in the seedbed favorable to damp
ing-off organisms by maintaining a humid at
mosphere about the seedlings. In addition to 
favoring development of soil fungi, weeds are 
gross feeders, depriving the seedlings of avail
able nutrients. The plots with the fewest weeds 
(Table 3) in which Crag Mylone, Vapam, 
and ally! alcohol were used, also _lost the least 
number of seedlings to damping-off. Control 
of weeds and damping-off was evident also 
with the combination of ally! alcohol with 
Nemagon and D-D. In this particular experi
ment, N emagon itself acted as a herbicide ( 2). 

Quality of transplants may be correlated, 
also, _with the soil nematode population. The 

degree of nematode control by each of the 
treatments was measured first by the number 
of motile nematodes recovered from 150 ml. 
of fresh soil (Table 4). A rating of four is used 
for populations in excess of 500 individuals per 
150 ml. of soil. Nematode identifications' in
dicated that no material was specific for any 
of the species present: Belonolaimt1s gracilis, 
Hoplolaimus coronatus, Rotylenchus robusttts, 
and various Dorylaimus spp. and Cephalobidae 
which were not identified further. 

Plots treated with Vapam and Crag Mylone 
contained fewest nematodes. The mixture of 

· D-D plus ally! alcohol was also effective 
against nematodes. Since there is a prompt in
crease of saprophytic nematodes after fumiga
tion, initial kill was measured seven days after 
treatment. Measurements at time of transplant
ing can be confounded by many factors; for 
this reason, population differences cannot then 
be considered indicative of nematocidal ef
fectiveness. For example, nematode popula
tions were as high seven weeks after applica
tion of Vapam as in the control plots, even 
though initial kill by this material was excel
lent. Even so, the number of transplants pro
duced was eight times the number produced 
by check plots. This was due in part to the 
period in which the seedlings were able to de
velop without the presence of ectoparasitic 
nemas. The accompanying increase in the mass 
of root system apparently provided a much 

1 /Nematode identifications were made by J. R . 
Christie, Nematologist, Agricultural Experiment Sta .. 
tion. Gainesv ille. 

Table 2. PercentAge of Plants lost to Post-Emergence Damping-oft 

Group A. 
Check 
Nem.agon plus Allyl Alcohol 
Creg Mylone 
Vapam 
L.S.D. (4.2) 

Group B 
Check 
Allyl Alcohol 
D-D plus Allyl Alcohol 

L.S .D. (5. 0) 

Pepper 

17.1 
0 
0 
0.6 

11.9 
0 
6.? 

TolllAtO 

11.5 
1.6 
0 
0 

14.3 
0 
2.8 

Eggplant 

19.4 
0 
0 
0 

14.2 
0 
5.8 

CabbAge 

19.4 
0 ! 

0 
0 

18.6 
4.1 

12.? 
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Table 3. Totul Number of Weeds 
Infesting 4 Feet of 

: /,;1 Row 
(Average of 16 Plots) 

Group A 
Check 116 
Nemagon plus Allyl Alcohol 24 
Crag Mylone 12 
V11pt-1m 13 

L.s.n. (61) 

. Group B 
Check 71 
Allyl Alcohol :6 
D-D plus Allyl Alcohol 27. 

t.s.n. (26) 

greater food supply for the pathogens than 
was available in the checks. This may have 
hastenetj reproduction, thereby causing the 
population increase observed after six weeks 
of plant growth. 

The laboratory method of extracting motile 
nematodes is not suitable in the study of root
knot. So when the plants reached setting size, 
their root svstems were examined to rate the 
amount of' rootknot galling present. In the 
confined areas of the seedbed, rootknot nema-

todes are much slower in returning to a treated 
area than the more active ectoparasites and 
free-living nematodes. Therefore, the differ
ences in amount of root galling measured at 
transplanting time can be accepted as a meas
ure of the benefit derived from the treatment. 
In this way, the comparative concentration of 
inoculum taken to the field with the seedlings 
can be judged. Of the four crops tested, only 
tomato roots showed visible galls. Control of 
rootknot on tomato was most evident where 
Vapam alone and D-D plus allyl alcohol had 
been applied, although the treatments were 
noticeably effective. 

Root damage by nematodes, both ecto- and 
endoparasitic, was probably associated with 
the amount of root damage by soil fungi. From 
studies of fungus populations by the dilution 
plate method, the Fusarium spp. colony counts 
were chosen as a representative basis of com
parison for the fungicidal efficiency of the soil 
treatments. Samples were taken weekly for 
the seven week period when any seedlings 
were still in the beds. The tabulated data 
(Table 5) are an average of these seven meas
urements. In thus following the progress of 
populations in the soil after treatment, it was 
found that the materials produced their great
est effectiveness during the first seven days 

Tt!!ble 4. Evnluatio11 of Ne.rmtode Infes~tion on Tometoes 

Group A 
Check 

Ratings of Nematode 
popult:1tion in 
Soil Extrsct" 

Nemagon plus Allyl Alcohol 
Cl'Ag MYlone 

3.3 
2.3 
.5 
.8 

(1.3) 
Vapa!ll 

L.S.D. 

Group B 
Check 
Allyl Alcohol • 
D-D plus Allyl Alcohol 

L.S.D. 

3.5 · 
3.0 
2.0 
(. 8) 

Percentage of 
pll'ln ts showing 
rootknot galls 

43 
15 
10 

5 
(21) 

38 
10 

0 
(22) 

•Ratings O equ~ls none; 1 equAls 1-10; 2 equals 10-100; 
3 equals 100-500; 4 equals 500-1000 individuals per 150 ml.- soil. 
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Table 5. Fusarium Population Based on the Num
ber of Colonies Isolated on Peptone Agar Media 

Group A 
Check 
Nemegon plus Allyl Alcohol 
Crsg Mylone 
Vapem 

L.s.n. (5.o) 

Group B 
Check 
Allyl Alcohol 
D-D plus Allyl Alcohol 

L.S.D. (2.6) 

Colonies per gram 
of dry soil x 1 O·' 

28.6 
6,9 
8,5 

11.7 

11.7 
2.7 
3.3 

following treatment. All treatments under dis
cussion were distinctly fungicidal. It is be
lieved that the overhead irrigation and the 
raised sides of the beds were effective in pre
venting wholesale recontamination. 

A treatment efficient against soil pests may 
be detrimental to the soil processes beneficial 
to crop production. For example, nitrification 
studies are important in relation to soil pest 
control. The production of available nitrate
nitrogen in the soil is important in the fertility 
program following soil treatment. To make 
best use of nutrients applied in fertilizer, the 
bactericidal effect of these materials should 
be considered. Nitrifiers were restricted by all 
the drenches which effectively increased plant 
production ( Table 6). The fertilizer used in 
this set of seedbeds was primarily inorganic, 
and careful management of irrigation helped 
retard leaching of the soluble salts. Under 
other circumstances, this might be a problem. 
Adequate levels of available nitrogen were 
maintained in the face of low nitrification 
through the use of fertilizer high in nitrate
nitrogen. 

The results of the laboratory determinations 
show that the soil treatment which exhibited 
the strongest biocidal properties produced the 
best crop of seedlings. Vapam was outstanding 
in all respects. A good nematocide and herbi
cide, Vapam allowed no damping-off in the 
plots other than a slight infection among the 
pepper. A possible disadvantage of using Va
pam, however, is the 10-14 day waiting period 
which seems advisable. The drench method of 
application used here apparently confines 
toxic components in the soil for that length of 

time. These components are detrimental to 
normal seed germination. 

Crag Mylone gave efficient control of soil 
pests, but a long waiting period was likewise 
necessary with this method of treatment. The 
waiting period in this case is dependent on the 
amount of moisture present. Past experience 
has shown that moisture regulation is as im
portant with this less volatile material as it is 
in obtaining a surface seal for fumigants such 
as EDB and D-D. Moisture is seemingly neces
sary to break down Crag Mylone and allow 
the toxic by-products to dissipate from the soil. 
Therefore, if the area lacks moisture after 
treatment, an even longer waiting period than 
2 weeks may be in order. This characteristic 
may have been a factor in the differences 
which occurred in the plant production in Crag 
Mylone treated plots as compared to Vapam 
treated plots. 

The disadvantage of a long waiting period 
does not arise in treating with allyl alcohol, 
since no apparent residual toxicity remained 7 
days after application. Clearly, under the con
ditions on the west coast of Florida, ally! al
cohol is superior as a fungicide and herbicide. 
In this trial, it reduced rootknot infection on 
tomato, but the treatment cannot be accepted 
as a nematocicle. In other trials, galling of 
roots has been only slightly reduced. Since 
the rating system involves visual judgment, 
even this difference may be influenced by the 
increase in mass of roots encouraged by fungi
cidal control. 

The attempts to improve soil treatment with 
ally! alcohol by the incorporation of various 
nematocides with it have shown promise in 

Table 6, ::lelutive Power of Nitrification 
by Microorg,,nislll.'3 Following 
Fumigation• 

Group /1. 
Check 
N'e"'llgou plus Allyl Alcohol 
Cr,,g !:,Yl0t1e 
VAp"m 

L.s.n. (14) 

Group S 
Check 
r.11:,1 !\lcohol 
D-D plus Allyl Ucohol 

L.S.D, (12) 

182 
Vi~ 
114 
107 

164 
125 

88 

*Oxidation of ammonium-nitrogen to nitrate-nitro
gen during 27 day incubation period. 
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this test. The number of settable plants in the 
area treated with ally] alcohol combinations 
with D-D or Nemagon was greater than that 
produced in areas treated with D-D or Nema
gon alone. Since nematode infestation of the 
seedbed area was relatively light, production 
of transplants in the plots drenched ,vith allyl 
alcohol alone was superior to that in any of 
the combinations. The smaller number of trans
plants where nematocides were included with 
the alcohol as compared to the plant stand in 
plots treated with the alcohol alone may be a 
measure of phytotoxicity of the nematocides. 
There is also the possibility that chemical inter
action of the two materals may have formed 
toxic by-products not readily released from 
the soil. Weed control and fungicidal values 
of ally} alcohol were unchanged in the mix
tures. 

Su:MMARY 

Adding Nemagon or D-D to the allyl alco
hol drench for seedbeds was successful in pro-

ducing a soil treatment effective as fungicide, 
nematocide and herbicide. Vapam and Crag 
!vfvlone were also efficient in all three cate
g◊-ries on Florida sandy soils. A waiting period 
of 5 to 7 days should be observed between 
treatment and seeding when the D-D plus al
cohol mixture is employed. From 10 to 14 
days are required . before planting in soil 
treated with Vapam or Crag Mylone. 
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VARIETY TESTS OF COMMERCIAL TYPES 
AND NEW BREEDING LINES OF 

SOUTHERNPEA' 

L. H. HALSEY 

Florida Agricultural Experiment Station 

Gainesville 

The production of southernpeas for the 
fresh market has increased during the last five 
years. The yield in Florida during the 1955-56 
season was more than one million bushels from 
approximately 10,000 acres. A large portion of 
the total production was marketed in Florida, 
either in fresh or frozen form. The remainder 
was shipped fo out-of-state markets in the 
fresh form. Average yields have been reported 
to be approximately 100 bushels per acre for 
the blackeye and 150 for the crowder types 
( 1) . These values were for peas harvested 
at the "green-shell" stage of maturity, at which 
time the pods have begun to de-green and 
show very slight to moderate yellowing, with 
the peas still green in color. 

1 /Stahdardization of ·nomenclature being sought. 
Florida Agricultural Experiment Station Journal 
Series Number 547. 

Numerous varieties have been recommended 
and tried, and new .ones are being introduced 
from time to time:, Several varieties were 
recommended by Kelbert (2) in 1950, and 
Nettles ( 3) in 1952. Among them were black
eye types such as California No. 5, Calva No. 
3 and Virginia; crowder types such as Brown 
Sugar, Alabama, Purple Hull, Blue Goose and 
Dixielee. Lorz and others ( 4) discussed essen
tially the same varieties and included several 
of the cream types such as Conch, Lady 
Cream or Rice, White Acre, Cabbage, and 
Texas Cream varieties. 

MErirons 
Several commercial varieties and new breed

ing lines were grown during the period fall, 
1954-Spring, 1956. The crops were planted 
in replicated plots on fine sandy soil in the 
Gainesville area. Fertilizer of 6-8-6 analysis 
was applied in bands prior to planting at the 
rates of 600-800 pounds per acre. The plants 
were spaced at six-inch intervals on rows four 
feet apart, except in spring, 1955, when 34-
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inch rows were used. The plants were irrigated 
as needed by means uf overhead sprinklers. 
The pods were harvested at the green-shell 
stage of maturity at two-day intervals and the 
weight of whole-pod peas determined. Hand 
shell-out percentages were determined im
mediately after harvest. 

RESULTS 

The yields of peas in pounds per acre for 
whole pods and potential shelled-out peas are 
shown in Table 1 ( shelled-out potentials based 
on hand shell-out percentages). There were 11 
varieties which were included in both the fall 
1954 and spring 1955 crops, five of which 
were included in the fall 1955 and spring 1956 
crops. There were rather large variations be
tween varieties in yields of whole pods. The 
yield ability varied for some of the varieties, 
depending on the season. As a rule, however, 
higher yields were obtained in the spring than 
in the fall, with the exception of the variety 
Running Acre, which had lower yields in the 
spring. 

Descriptions of the varieties listed in Table 
1 are based on pods harvested at the "green
shell" stage of maturity, and on the growth 
character of the plant. 

CREAM TYPE 

Running Acre.-Vining growth habit is par
ticularly pronounced in the spring. Yields 
ranged from average to slightly lower, with 
best response in short-day period of fall season. 
Pods medium length ( 5-6 inches), small, easily 
shelled by hand, with good pod fill during 
entire bearing period. Peas light green in color, 
long shaped, small in size, spread out in the 
pod. Shell-out potential slightly below 50 per
cent of the whole pod. 

Breeding Line No. 644210.-Vining growth 
habit similar to Running Acre. Yields varied 
markedly; with no definite seasonal pattern, 
ranging from average to slightly better. Pods 
medium length and size, easily shelled by 
hand, with excellent pod fill during entire 
bearing period. Peas light green in color, round 
in shape, small to medium in size, spread out in 
the pod. Shell-out potential slightly below 
Running Acre. 

Lot No. 991 (Bush Conch) .-Cream type, 
bunch or semi-vining growth habit. Yields 
slightly below average, with little response to 
seasonal conditions. Pods slightly below medi
um length, easily shelled by hand, with slight-

ly irregular pod fill late in season. Peas light 
green in color, blocky shape, medium in size, 
packed rather closely together in the pod. 
Shell-out potential slightly below 50 percent 
of the whole pod. 

Two-Crop Conch.-Typical of the cream or 
conch type, semi-vining growth habit. Yields 
about average with a tendency to better pro
duction in the spring than in fall season. Pods 
medium length, easily shelled by hand, with 
slightly irregular pod fill late in season. Peas 
greenish-white in color, long-shaped, medium 
sized, spread out in pod. Shell-out potential 
over 50 percent. 

Cream 40.-A low yielding type with bunch 
growth habit. Pods just under medium length, 
easily shelled by hand, with irregular pod 
fill throughout much of the bearing period. 
Peas greenish-white_ in color, long-shaped, 
medium in size, more spread out in pod than 
Two-Crop Conch. Shell-out potential over 50 
percent. 

SEMI-CROWDER 

Breeding Line No. 16-10-210.-Semi-vining 
growth habit with better than average yields, 
higher in spring than in fall . Pods long (7-8 
inches), very easily shelled by hand, with 
slightly irregular pod fill late in season. Peas 
roundish, light green in color, medium sized, 
mther closely packed together in the pod. 
Shell-out potential slightly over 50 percent. 

Louisiana Purchase. - Semi-vining growth 
habit with average yields that were higher in 
spri_ng than fall . Pods medium length, easily 
shelled by hand, with irregular pod fill late 
in season. Peas long in shape, medium-sized, 
light green in color, spread out in the pod. 
Shell-out potential well over 50 percent. 

Dixielee.-Semi-vining growth habit, with 
average yields, generaHy about twice as high 
in the spring as in the fall. Pods medium to 
long in length, easily shelled by hand, with ir
regular pod fill during latter part of bearing 
period. Peas light green in color, roundish 
shaped, medium sized, rather closely spaced in 
the pod. Shell-out potential slightly over 50 
percent. 

CROWDER 

Brown Sugar Crowder. - Typical of the 
crowders, semi-vining growth habit, slightly 
higher than average yields. Pods just under 
medium length, somewh1l.t difficult to shell by 
hand, uniformly filled except very late in the 
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TABLE 1.--Southernpea Variety Yields. Whole Pods; and Hand Shelled-out 
Potentials in Pounds per -Acre. Gainesville, Florida. 
Fall 1954--Spring 1956. 

257 

Variety 
'Percent ' Pounds Green-shell Peas ~r Acre 
'Shell-out'Whole 'Potential I Whole! otential 
1by hand 'Pods I Shell-out ' Pods I Shell-out 

Cream: 
~nning Acre 

644210 
Lot No. 99 (Bunch Conch) 
Two-Crop Conch 
Cream 40 

Semi-Cro-wder: 
16-10-210 
Louisiana Purchase 
Dixielee 

Crowder: 
Brown Sugar Crowder 
Alabama Crowder 

Blacke:ye: 
Calif. Blackeye No. 5 

L.S.D. between all varieties, 
odds of 99:1 

Cream: 
--running Acre 

644210 

4o* 
38* 
43 
57 
58 

55* 
58 
54* 

58 
57 

58* 

40 
38 

L.S.D. between Cream varieties, 
odds of S9 :l 

Semi-Crowder: 
Dixielee 
16-10-210 

L.S.D. between Semi-Crowder 
varieties, odds of 19:l 

Blackeye I 
Calif. Blackeye No. 5 

54 
55 

58 

Fall 19$4 Spring 1922 

7325 
6360 
5047 
3165 
1859 

7913 
5322 
4538 

4574 
44sii 

2664 

1597 

2930 
2417 
2170 
1804 
1078 

4352 
3087 
2451 

2653 
2562 

1545 

Fall 195$ 

4846 
7169 

1071 

3848 
3412 

1938 
2724 

2078 
1877 

3946 
12761 
5516 
8374 
3024 

10619 
8979 
9676 

9748 
8036 

4715 

3946 

1578 
4849 
2396 
47if) 
17-\Ll 

5840 
5208 
5225 

5654 
4581 

2735 

Spring 1956 

824 
38~ 

2794 

7544 
10130 

330 
1445 

4074 
5572 

N. S. 99:1 1805 

3474-H 2015 7919 4$93 
if-Average of four seasons; others average of two s~sons • 

....,Values derived from unreplicated plots: Fall 1955. No other Blackeye 
types were included for comparison in these tests. 
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bearing period. Peas blocky, light green in 
color, medium in size, tightly packed together 
in the· pod. Shell-out potential well over 50 
percent. 

Alabama Crowder. - Semi-crowder growth 
habit, with average yield, produces better in 
the spring than in the fall season. Pods medi
um length, slightly longer and smaller than 
those of Brown Sugar Crowder, somewhat dif
ficult to shell by hand, uniformly filled ex
cept very late in the bearing period. Peas 
blocky, light green in color, just under medi
um size, tightly packed together in the pod. 
Shell-out potential well over 50 percent. 

BLACKEYE 

California Blackeye No . 5.-Typical of black
eye types, bunch growth habit, below average 
in yield," produced better in the spring than 
fall season. Pods medium length, very easily 
shelled by hand, pod fill poor during a large 
part of the bearing season. Peas light green in 
color, long shaped, spaced rather widely in the 
pod. Shell-out potential well over 50 percent. 

DISCUSSION 

Yielding capacity of different varieties is of 
considerable importance, but care must be ex
ercised in establishing a basis for comparison. 
The whole-pod yield of "green-shell" pods is 
only relative, since the primary objectives are 
the quantity and quality of the ·shelled-out 
peas. Potential yield of either hand or ma
chine-shelled peas, therefore, is an important 
consideration in estimating the value of any 
particular variety. Thus, a high yield of whole 
pods, coupled with a mediocre shell-out po
tential, would be as desirable as a mediocre 
yield with a higher shell-out potential. 

The edible quality of the cream type 
southernpeas exceeds the blackeye and crowd
er types, as reported by Hoover ( 5) and 
Singleton ( 6). Differences in palatability thus 
are of prime importance in judging the worth 
of a specific variety. Using such criteria for 

• I Average or slightly be tte r tha n average of other 
blackeyes. Information f rom da ta from unpublished 
s ources involving more than one .blackeye variety 
seem to . indicate that blackeye types generally are 
average in yielding capacity when compared with 
other southernpea types. 

comparison then, we find that Breeding Line 
No. 644210 was about equal to Calif. Blackeye 
No. 5 in shelled-out pea potential and much 
superior in quality. Other similar comparisons 
may be drawn, such as Running Acre, which 
had lower shelled-out potential than Black
eye, but possessed quality which could offset 
the differential in yield. 

SUMMARY 

Nine commercial varieties and two breed
ing lines of southernpea were compared in 
replicated plots at Gainesville during the 
period fall 1954 to spring 1956. The three 
principal types-cream, crowder and blackeye 
-were included. Comparisons were made of 
whole-pod yield, potential yield of shelled-out 
peas based on hand shell-out percentages, 
plant growth habit and characteristics of the 
pods and peas. 

Results indicate that yielding capacities of 
the varieties differed considerably in produc
tion of whole pods. Such differences are of 
considerable importance but care must be ex
ercised in establishing a basis for comparison. 
The whole-pod yield of "green-shell" peas is 
only relative since the primary objective is a 
shelled-out pea that is acceptable to the con
sumer. Potential yield based on hand ( or 
machine) shell-out percentages is an impor
tant consideration in estimating the value of 
any particular variety, but should be balanced 
against the edible quality of the pea. Other 
factors to be considered in judging peas in
clude response to seasonal climatic conditions, 
ease of shelling, length of bearing period and 
similar criteria. 
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RESULTS OF DIFFERENT SEEDING AND 
FERTILIZER RA TES FOR POT A TOES 

AT HASTINGS 

E. N. McCuBBIN1 

Florida Agricultural Experiment Station 

Hastings 

INTRODUCTION 

Effects of rate of seeding Sebago potatoes 
on yields and returns were studied 8 years 
during the period 1943 to 1953." Size of both 
whole and cut seed was varied ·from 1 to 2 
ounces and spacing of the seed in rows 40 
inches apart was varied from 6 to 14 inches. 
Thus, the quantity of seed planted ranged 
from 700 to 3,280 pounds/ A. Fertilization for 
the different seeding rates was the same dur
ing any one year and amounted to 2,000 to 
2,400 pounds/A of a 5-7-5, 5-7-6 or a 6-8-8 
fertilizer. The potatoes were grown on non
leveled land where it was impossible to irri
gate them properly. 

Yields of U.S. lA and 1B potatoes increased 
as size of the seed was increased from 1 to 2 
ounces, and as each size seed piece was 
planted closer in the row from 14 to 6 inches. 
After subtracting cost of the seed and costs of 
picking up the potatoes, hauling them to the 
grader, grading, packaging and selling them, 
the highest returns were obtained from plant
ing 2-ounce seed 8 inches apart in the row. 
This required the use of 2,450 pounds of 
seed/ A. Results were the same with whole 
seed tubers and with cut seed pieces when 
both were of the same size and planted at the 
same spacing. 

It was concluded from this study that Se
bago potatoes on the better soils in the Hast
ings area should be seeded at the rate of 2,450 
pounds of seed/ A; or with 2-ounce seed at an 
8-inch spacing in rows 40 inches apart. 

Florida Agricultural Experiment Station Journal 
Series, No. 568. 

1 /Horticulturist, Potato Investigations Laboratory 
Hastings. ' 

"/McCuhbin, E. N. Effects of size and spacing of 
whole and cut seed on yields and returns from Se
bago potatoes at Hastings, Florida. Fla. Agr. Exp. 
Sta. Dul. 556. 1955. 

1956 TEST 

In a new study begun in 1956, the object 
was to determine effects of both seed and 
fertilizer rates on yields and returns from Se
bago potatoes grown under irrigation. In this 
work 2-ounce whole Sebago seed tubers were 
used at 5 seeding rates: 15, 20, 25, 30 and 35 
hundred-pound sacks of seed/ A, respectively. 
This involved the use of the seed tubers at 
spacings of 13.1, 9.8, 7.8, 6.5 and 5.6 inches 
in 40-inch rows. A 6-8-8 fertilizer was used 
at 5 different rates with each seeding rate as 
follows: 0.8, 0.9, 1.0, 1.1 and 1.2 pounds of 
fertilizer per pound of seed. Thus, there were 
25 treatments under study with the seeding 
rate varying from 1,500 to 3,500 pounds of 
seed/ A; and the fertilizer rate ranging from 
1,200 to 4,250 pounds/ A. 

Test plots were 3 rows wide and 25 feet 
long, located in a 16-row bed of recently 
leveled soil with a water furrow on both sides 
of the bed. Each treatment was replicated 3 
times . Fertilizer, except where the quantity 
exceeded 3,000 pounds/ A, was drilled in a . 
band in both sides of the row a few days be
fore the potatoes were planted. Quantities of 
fertilizer in excess of 3,000 pounds/ A were 
reserved and applied on sides of the row 45 
days after the potatoes were planted. The 2-
ounce seed tubers were planted January 18 by 
hand at the correct spacings in an open fur
row between the fertilizer bands and covered 
with 3 to 4 inches of soil. Potatoes were culti- · 
vated and sprayed during the growing season 
in accordance with current recommended 
practices for commercial potato production in 
the Hastings area. 

Rainfall after the potatoes were planted 
until April 23, a period of 96 days, totaled 
only 6.45 inches, with 2.90 inches of rainfall 
occurring from April 24 to April 30. During 
dry weather artesian water was held high 
enough in the water furrows on both sides of 
the 16-row bed to supply moisture needed for 
the growing crop. 

The potatoes were dug April 30; 104 days 
after the plots were planted. Potatoes pro- . 
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duced in the center row of each plot were 
sacked, labeled and graded separately into 
U.S. lA and lB potatoes and weighed. These 
data were used to compute the yields pre
sented in Table 1. 

Yields.-Yield of U.S. lA potatoes generally 
increased as the seeding rate was increased 

from 15 to 35 hundred-pound sacks of seed/ A. 
For example, with an application of 0.8 of a 
pound of fertilizer per pound of seed, the 
yield from 15 cwt. of seed was 195 cwt. of 
U.S. IA potatoes/ A; while with 35 cwt. of 
seed and the same fertilizer per pound of 
seed, the yield was 318 cwt. of U.S. IA pota-

Table 1.- Effect of Seed and Fertilizer Rates on Yields and Returns from Sebago Potatoes 
Grown under Irrigation at Hastin6s in 1956. 

Treatm,;nts Yields Cwt./A3 Total Returns/A 
Seed1 Fertilizers2 Cost/A4 Gross5 Net 

Cwt./A Spacin=~ in Lbs. per Lb. Cwt./A U.S. 1A U.S. 1B 
Row, Inches of Seed 

15 l_'l.l o.8 12.0 195 20 $ 434 $ 907 $ 473 
15 l.'l.l 0.9 lJ.5 216 14 ' 453 986 533 
15 13.1 1.0 15.0 248 8 483 1,114 631 
15 13.1 1.1 16.5 208 16 455 955 500 
15 13.1 1.2 18.0 199 9 443 900 457 

20 .· 9.8 0.6 16.0 254 17 518 1,161 643 
20 9.8 0.9 18.0 293 16 562 1,331 769 
20 9.8 1.0 20.0 291 13 562 1,315 753 
20 9.8 1.1 22.0 252 16 531 1,150 619 
20 9.8 1.2 24.o 273 14 555 1,238 683 

25 7.8 o.8 20.0 285 23 584 1,311 727 
25 7.8 0.9 22.5 301 22 605 1,380 775 
25 7.8 1.0 25.0 289 18 595 1,318 723 
25 7.8 1.1 27.5 339 16 650 1,534 884 
25 7.8 1.2 Jo.a 337 14 652 1,521 869 

JO 6.5 o.8 24.o 285 22 611 1,309 698 
JO 6.5 0.9 27.0 JOO 21 632 1,373 741 
30 6.5 1.0 JO.O 341 20 680 1,552 872 
30 6.5 1.1 33.0 321 16 664 1,455 791 
30 6.5 1.2 J6.o 331 11; 680 1,494 814 

35 5.6 o.8 28.0 318 18 668 1,446 778 
35 5.6 0.9 31.5 319 20 68o 1,455 775 
35 5.6 1.0 35 .o 337 18 705 1,530 825 
35 5.6 1.1 38.5 355 20 734 1,614 880 
35 5.6 1.2 42.5 365 18 824 1,654 830 

LSD .05 Level 75.3 7.8 

1Two-ounce whole seed tubers were planted 1/18/56 and the crop was dug 4/30/56. 

2A 6-8-8 fertiliz er was drilled in bands in sides of the row a few days prior to 
plantinG potatoes, except quantities in excess of 30 cwt./A, which were reserved and 
applied on sides of the row 45 days after planting. · 

3Based on yields from the center row of 3-row plots, 25 feet long, replicated 3 times. 

4rncludes the following costs: seed, $3.35/cwt.; grading and sorting seed, $0.24/cwt.; 
fertilizer, $2.56/cwt.; digging, picldng-up, hauling, grading, pacldng, containers, and sell
ing commission, $1.00 cwt.; and all other growing costs, $134.67/A, as reported for 1955 by 
Donald L. Brooke in Fla. Agr. Exp. Sta. Nimeo. Rpt. 56-7. 1956. 

5u.s. 1A potatoes sold at $4.42/cwt. andU.S. 1B potato.es at $2.24/cwt. in 1956. 
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toes/ A. Likewise, with the use of 1.2 pounds 
of fertilizer per pound of seed, the yield from 
15 cwt. of seed was 199 cwt. of U.S. lA po
tatoes/ A; while with 35 cwt. of seed the yield 
was 365 cwt. of U.S. lA potatoes/ A. These 
increases in yield were significant at the 5 per
cent level. 

The best rate of fertilizing potatoes varied 
with the seeding rate, but not consistently. 
When 15 and 30 cwt. of seed were planted/ A, 
the maximum yields of 248 and 341 cwt. of 
U.S. IA potatoes/ A, respectively, were pro
duced by applying I pound of fertilizer per 
pound of seed or 1,500 and 3,000 pounds of 
fertilizer/ A, respectively. However, when 20 
cwt. of seed were planted/ A, the highest yield 
of U.S. IA potatoes was secured by applying 
0.9 of a pound of fertilizer per pound of seed 
or 1,800 pounds of fertilizer/ A. With 25 cwt. 
of seed planted/ A, an application ,of I.I 
pounds of fertilizer per pound of seed or 2,-
750 pounds of fertilizer/ A produced the 
maximum yield of 339 cwt. of U.S. IA pota
toes/ A. With 35 cwt. of seed/ A the highest 
yield of 365 cwt. of U.S. IA potatoes/ A, was· 
obtained from an application of 1.2 pounds of 
fertilizer per pound of seed or 4,250 pounds 
of fertilizer/ A. Thus, apparently the fertilizer 
needed to produce maximum yields of pota
toes increased as the rate of seeding potatoes 
increased. 

In general the yield of U.S. IB potatoes 
tended to increase as the seeding rate was in
creased from 15 to about 25 cwt. of seed/ A 
and tended to decrease as the fertilizer rate 
was increased from 0.8 to 1.2 pounds of ferti
lizer per pound of seed planted. 

Returns.-The use of more seed and more 
fertilizer/ A and the harvesting and marketing 
of a larger crop of potatoes involves additional 
expenses. Therefore, the question arises as to 

whether or not increased yields obtained from 
using more seed and more fertilizer/ A will 
prove to be profitable. To arrive at an answer 
to this question for the different seeding and 
fertilizer rates, charges were made · for the 
seed, for the fertilizer, for harvesting and sell
ing the potatoes and for all other operations 
required in growing the crop, such as land 
rent, pesticides, labor, machinery, etc., as 
shown in Table 1. These charges were sub
tracted from the total sales price of the U.S. 
IA and IB potatoes and the net returns are 
shown in Table 1, column 9. 

The net returns/ A generally increased as 
the seeding rate was increased from 15 to 25 
cwt. of·seed/ A. Lowest net returns of $457 / A 
were obtained from 15 cwt. of seed planted 
with 1.2 pounds of fertilizer per pound of seed 
or 1,800 pounds of fertilizer/ A. Highest net 
returns of $884/ A were secured from planting 
25 cwt. of seed/ A with 1.1 pounds of fertilizer 
per pound of seed or 2,750 pounds of fertili
zer/ A. Expenses involved in seeding either SO 
or 35 cwt. of seed/ A with each of the 5 
fertilizer rates used in this study resulted in 
net returns lower than $884 an acre. 

CONCLUSIONS 

In 1956 the best rate of seeding Sebago po
tatoes grown under proper irrigation in the 
Hastings area was 25 cwt. of seed/ A. The best 
rate of fertilizing these potatoes was 1.1 
pounds of fertilizer per pound of seed or 2,-
750 pounds of fertilizer/ A. The seeding rate 
of 25 cwt. of seed/ A agrees closely with · the 
24.5 cwt. of seed/ A found to be most profit
able in tests made during the period, 1943 to 
1953, when the potatoes were not adequately 
irrigated. The test will be continued for several 
years to determine if results thus far obtained 
will be affected by variations in seasonal tem
peratures and rainfall. 

PRODUCTION OF SPINACH FOR PROCESSING 

ON MUCK SOILS OF CENTRAL FLORIDA. 
M. l'vL HooPEH 

Vegetable Grower 
Apopka 

. In the fall of 1948 arrangements were made 
to organize Hooper Farms for the purpose of 

growing vegetables at Zellwood. There was 
some speculation as to crops that might be 
grown during the fall and winter season ac
count the possibility of low temperatures some
times occurring during the production period. 
A contract was made with Gerber Products 
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Co.,, Fremont, Mich., in the year 1953, to 
supply 300 tons of spinach packed in one 
bushel hampers for shipment for processing, 
which proved to be prohibitive account bar
est labor cost, containers and freight rates to 

· their plant. 
Account our previous affiliation with Ger

ber, Mr. W. E. Hays, Production Manager, 
invited me, as a representative of Hooper 
Farms, to visit with him for the purpose of 
discussing the production of spinach under 
contract. It was at this time I suggested the 
movement of spinach loaded in bulk in rail 
cars for shipment to their plant. In 1955 the 
spinach crop in the State of Michigan was con
sidered a failure and Gerber was very anxious 
to have a supply of spinach. 

Hooper Farms entered into a contract with 
Gerber to grow 400 tons during the winter 
and early spring of 1956. The giant smooth 
leaf variety ( Veriflay type) was seeded in 
rows on a five ft. area at the rate of 18 lbs. 
of seed per acre. A spraying schedule was 
followed using Diathane for the control of 
Blue Mold. Harvest was made with a combine 

which cut a five ft. wide area per round and 
elevated the spinach into a trailer where it 
was packed in field crates. Yields up to 12 
tons per acre were produced, with an aver
age yield of 10 tons per acre. 

Spinach packed in field crates was moved 
immediately to the precooler and cooled to 
32 ° through a hydro-cooler and emptied from 
the field boxes in bulk to a refrigerator-type 
rail car. The spinach was placed in the car in 
layers about 12 inches thick with a layer of 
snow ice in . between totaling approximately 
10,000 lbs. of ice per car. No additional ice 
was added to destination. Arrival condition 
was considered satisfactory. The bulk method 
of shipping spinach resulted in labor savings 
in unloading and handling at the processing 
plant, as well as a savings to us · in harvest, 
labor and in containers. 

The spinach seed for the crop was supplied 
by Gerber which included a hybrid known 
as Early No. 7, resistant to Blue Mold. One
fourth acre was planted to this Early No. 7 
and proved to be resistant to Blue Mold under 
this season's growing conditions. 

THE CONCEPT, DUTIES, AND OPERATIONS 
OF THE FLORIDA AVOCADO AND 

LIME COMMISSION 

C. F. IVINS, MANAGER 

Florida Avocado and Lime Commission 

.Homestead 

The Avocado and Lime Growers of Florida 
have not ridden the wave of general prosperity 

· that has' swept over the nation since World 
War II but have, on the contrary, been strand
ed on the reefs of poor returns and. engulfed 
by the rising tide of high prices. 

What are the reasons for this unhappy con
dition? First, there are two reasons beyond 
our control, about which we can do nothing. 

A. High costs of labor, machinery, taxes and 
fertilizers. 

B. Sharp increase in production-150,000-
600,000 in 10 years. There are, however, three 
other factors militating against good prices 
about which we can do something and are 
doing it. 

C, Lack of Quality Control. 

Up until 1954 there had been little control 
over the quality of avocados and limes shipped 
to the consumer. There were few, if any, 
standards of grading. Much unattractive and 
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scarred fruit was shipped to the markets and 
frequently immature fruit was picked by 
growers who were trying to beat their neigh
bors to the punch. In fact, it used to be said 
in Dade County that the quickest fruit ripen
ers were a high price or an approaching hurri
cane. Somehow, these two situations would 
cause the picking and shipping of a lot of 
immature fmit. When Madam housewife 
found that the Florida Avocados she bought 
would rot before ripening and her Florida 
Limes had no juice, she did not come back 
to get stung the second time. 

Fruit was shipped in varying sized and 
shaped boxes, some of which were a few 
pounds short of the normal weight-this lack 
of standardization did not capture the good
will of wholesaler and retailer, who, under
standably, like to la10w how much of a com
modity a container holds. 

Both the trade and the consumer had be
come wary of these two potentially fine prod
ucts and stayed away from them in droves. It 
became apparent by 1954 that these industries 
must take some drastic . steps for improvement 
or else go under. 

To overcome this handicap, the growers 
after several meetings, finally petitioned the 
Secretary of Agriculture to permit the forma
tion of Marketing Agreements for these two 
fruits. After extensive hearings covering all 
matters concerning the industries, the Secre
tary put into effect an Avocado Marketing 
agreement in 1954 and a Lime Marketing 
Agreement in 1955. 

These Agreements are administered by 
Committees of local persons prominent in the 
industry. Their decisions in matters of grade, 
size, maturity standards and containers have 
the force of law and are enforced by the 
Federal-State Inspection Service. They have 
established an obligatory 42% juice content for 
all limes sold and have hiked the juice con
tent to 46% for small limes, since juice is more 
difficult to squeeze out of the young small 
fruit. 

For avocados they have established a pick
ing schedule for each variety. The criteria for 
these schedules is a combination of picking 
dates, weight and sizes. For instance, no Lula 
Avocado may be picked before October 8 and 
it must have a minimum weight of 18 ounces 
and have a minimum diameter of 3-10/ 16 

inches. Such regulations obviously complicate 
the life of the grower and some of them are 
not happy, but it does insure that fruit reach
ing the market will be mature. While all prob
lems have not been solved yet, the Avocado 
and Lime Committees have set up much im
proved standards for our products and we have 
noted a much more receptive attitude by the 
trade than last year, and we hope it will be 
soon reflected in consumer demand. 

D. Lack of Distribution and Pricing Policy. 
The industry consists of about a dozen 

packers and shippers of significant volume. 
These outfits have their own distribution sys
tem which operates independently of the 
others. Many of these shippers may be flood
ing the market at City "A" while City "B" has 
no offering. But even worse is the fact that 
most of the fruit they handle is on a consign
ment basis from the growers so that the ship
per has no real proprietary interest in the 
price. Thus the wholesale buyers play them 
off one against the other so that when the 
fruit is in good supply the price quickly plum
mets to the bottom. 

It is easy for the growers to lay the blame 
for all these evils on the packers. However, 
under the present conditions of cut-throat 
competition, the packers are pretty much ob
ligated to do what they are now doing. H is 
now up to the growers to assume command 
and to properly regulate the business to the 
advantage of all concerned. I believe that 
many packers would welcome such control 
but no one wishes to take the first step. This 
is not an easy matter to accomplish and it 
has not yet been solved. We have had the in
dustry studied by a specialist in Farmer Co
operatives of the Department of Agriculture 
who may be able to help us set up . some type 
of industry control, such as a posted price . sys
tem to which the packer· must adhere, as well 
as furnishing information on destination · of 
shipments. 

E. Lack of Public Acceptance. 
Literally millions of U .S. citizens have 

never eaten nor even heard of avocados and 
limes, and many of those who · are slightly 
familiar with them have only a . limited 
knowledge of their versatility. Most people do 
not know that avocados may be mashed to 
make a versatile spread_ called guacamole, and 
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that the fruit may be used not only in salads, 
but also in soups and even ice cream. 

Many people think of limes as green lemons, 
and those who know what they are consider 
them only as a basis for a cooling drink and 
usually an alcoholic drink at that. Many do 
not realize the lime is at its best in iced-tea; 
should be used instead of vinegar in salads 
and also as a garnish for fish, seafood, steaks, 
chops, etc. 

It is well known that this country, in normal 
years, produces all types of food in the great
est possible abundance. It is only necessary to 
go into a supermarket and see the thousands 
of items displayed there to realize that no 
one housewife can buy them all. It is also well 
to remember that people can only consume 
so much food, no matter how much money 
they have, and the tendency now is for people 
to try to eat less and less. To look at the 
matter in its most elemental terms there is 
only so much stomach space in America and 
there are thousands and thousands of fresh, 
canned, precooked and frozen items trying 
desperately to get a share of that space. 

The people of the country have, in the ma
jority, gotten along quite happily without 
Florida Limes and are quite content with 
lemons. They know very little about avoca
dos and not many housewives are going to 
risk 29 cents to buy a fruit which she does 
not know how to use unless the trade informs 
her. At the same time she is being bombarded 
all day long by the television, radio, newspap
ers and magazines to buy this and buy that. 
Many hundreds of products are attractively 
and gaudily packed so that she will be per
suaded to put them in her basket. The com
petition is fierce for the customer's dollars. 
What can possibly lead us to believe that little 
known tropical fruits such as limes, avocados, 
mangos or lychees can possibly compete with 
those articles that are so frequently brought 
to the housewife's attention. 

Many old· time growers like to think of the 
good old days when they used to get a good 
price without advertising. In those days of 
the small grocery the proprietor, having in
vested in avocados or limes, would do a bit 
of selling to get his money back. Today no 
clerk sells anything in a supermarket. A mer
chant thinks of the square feet in his store in 
terms of dollars of sales per square foot, and 

he is insistent that what goes into those square 
feet will carry its share of the load. If it does 
not carry the load, it will be discontinued. And 
that is what has been happening in late years 
to avocados and limes. Outside of staples, 
only an advertised and pro!Iloted product, can 
hope to make its way. And speaking of staples, 
even sugar, potatoes, pears, grapes and citrus 
are all being· advertised today. It was for the 
purpose of letting the public know about 
Florida Avocados and Limes that the growers 
called for the creation of a body to tell the 
public the story about our fruits. 

This brings us down to the main part of 
our talk-The Florida Avocado and Lime 
Commission. 

Finally, in early 1955 the sentiment of the 
growers as expressed in various meetings was 
for a State Advertising Commission. Mr. Lu
ther Chandler, one of the largest avocado and 
lime growers, assumed the initiative and had 
Mr. Counts Johnson of Tampa, a distinguished 
citrus lawyer, draw up a bill outlining the 
proposed law. Armed with this bill Mr. Chand
ler and myself descended on the legislature 
when the short two-month session was half 
over. The fact that we were able to squeeze 
the bill through the legislature at that late date 
is a latter day minor miracle and can be as
cribed to Mr. Chandler's tireless energy and 
wide acquaintance throughout the State. 

The bill was passed on the last day of the 
session in May. By the time the Governor 
signed the bill, appointed the members and by 
the time the Commission had held a few or
ganizational meetings, hired a manager, heard 
advertising presentations, selected an adver
tising counsel, it was well into September. Also, 
the adoption of a market policy and prepara
tion of collateral material took another six 
weeks so that we missed the 1955 lime season 
and barely got in on the 1955-56 avocado sea
son. 

The Commission's makeup is somewhat 
complicated but it is designed to give a pro
portional representation to Dade County on 
one side and to the upstate areas on the other. 
Also, it is designed to give predominance to 
growers but provides for strong representation 
by packers of fresh fruit and by processors in 
order that all elements of the business may 
have representation both functionally and geo
graphically. 
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The Commission is a self-supporting agency 
and does not receive any funds whatsoever 
from the State or U.S. Government. The 
Commission levies a tax of 10 cents per 55 
pound bushel on all avocados and limes sold, 
both fresh or processed. This amounts to 
about $50,000 a year from each fruit. Admin
istrative expenses cost about $15,000 so there 
is about $85,000 to spend each year for ad
vertising, publicity and sales promotion. 

We should define at this point what exact
ly is meant by "advertising" in its most nar
row or technical sense. Advertising means the 
purchase of space or time in newspapers, 
magazines, billboards, radio and television, in 
busses, trade papers, etc. It provides a method 
whereby the public may read or hear our 
message in exactly the terms we wish it pre
sented. We can control the time we wish it 
published or broadcast and we can control it 
geographically by proper selection of media. It 
is quite expensive. In the case of perishable 
commodities, I believe the results are not im
mediately apparent, but gradually build up as 
the cumulative impact of the repeated and 
repeated messages strike home. 

The second method is publicity. Here we 
attempt to get information, news and pictures 
about our product printed or broadcast for 
fre~ in the same media as above. Such pub
licty is obviously quite cheap since our only 
expense is the preparation of the material. 
The media prints it because they feel their 
readers will regard it as news or as desirable 
educational material. W e have hired a pub
licity agency which writes background articles 
about limes or avocados; prepares luscious 
sounding and fully tested recipes and then 
takes beautiful art pictures of same in color and 
sends the results out to syndicates as material 
for the women's food pages in the magazines 
or newspapers. These activities can also be 
adapted to radio and television. Such ela
borately prepared material is obviously beyond 
the means of the average women's page editor 
to prepare. She has to put something dramatic 
and exciting in the newspaper every day. If 
the article is well prepared and the subject 
timely, she will probably have it printed. 
However, such publicity is difficult to control 
as · far as timing is concerned, and if our prod
uct is locally in poor supply, there is nothing 

to stop her from substituting something else 
in its place or publishing it when we have no 
fruit on the market. 

Sales promotion is the last item and for a 
comparatvely new commodity with little 
money, is probably the best. 

Here we are trying to do two things. We 
are trying, first, to get our product into a 
maximum number of stores and in those parti
cular stores we are trying to get the maximum 
display space and the maximum number 'of 
people to purchase our product immediately. 
This is generally called point-of-sale selling. 
Here we put a lot of effort into persuading 
the fresh· produce manager of a chain store 
group to push our. product in a number of 
stores and to put in a mass display of our 
fruit. Accompanying the mass display are 
various kinds of posters, banners, streamers, 
bin cards, price cards, all designed to catch 
the purchaser's eye. What it is that causes 
people to buy at a mass display i don't know, 
but I do know that it sells merchandise. This 
kind of activity is comparatively cheap and 
gives immediate sales results which can be ac
curately determined. However, the store man
ager likes to have advertising support in the 
local newspapers and radio and may demand 
it as a part of the promotional agreement. 

It is the policy of our Commission to put 
our maximum effort into the latter type activi
ty. Grant Advertising, Inc., our advertising 
counsel, has taken on an extra man who is 
constantly working in the field with chain 
store managers and produce buyers. He at
tempts to interest a chain to cooperate in 
pushing our products in as many stores as 
possible. He arranges for displays and fur
nishes each store with a kit of promotional ma
terial. This type of activity is not easy. There 
is much competition for store space by all 
types of products; store indifference must be 
overcome and store personnel educated into 
the use of the product. 

We also try to make our money go as far 
as possible by tying in with larger and strong
er advertisers of companion products, such as 
liquor, tea and fish for limes, and salad oils 
and grapefruit sections for avocados. These 
larger outfits have more field men and a 
wider distribution set-up than we do, so that 
we get the benefit of their widespread facili-
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ties. We also try to get free radio and tele
vision time and to get local announcers to 
mention us favorably from time to time. We 
rent booths at various type trade conventions 
to get hotel and restaurants to use our prod
ucts and also give away samples of frozen 
limeade and avocado: at various public exposi
tions such as the Home Show and at various 
convention functions. 

Obviouslv we do not have sufficient funds 
to cover th~ entire country so the Commis
sion has made it a policy to try to capture the 
Florida market. Reasons for this are that it is 
cheaper and easier to organize a promotion 
close at home than at a distance and it is also 
easier to watch its progress. We understand 
that a very large percentage of the entire 
California avocado crop, well over 50%, is 
consumed .in their own state. We wish to do 
the same here. Also, the amount of lemons 
sold in Florida is larger than the entire Florida 
lime crop. We hope to woo many Floridians 
from . lemons over to the more tasty lime, and 
to make avocados a household word within 
the state. 

We believe that we can capitalize on the 
patriotic and State pride of Florida to sell 
Florida Products. We also like Florida as a 
site for our efforts in that there are many 
hundred thousand tourists, if not millions, 
who come here during the winter. We wish to 
identify our fruits with exotic, glamorous Flori
da so that the tourist will ask for them while 
here, and demand them when he returns 
home. There . are, of course, some difficulties 
in this theory. Restaurant operators, patriotism 
notwithstanding, run their places on a dollar 
and cents basis and are not interested in serv
ing the fruits unless the customer asks for 
them. It is our problem to make the diner 
ask for limes and avocados. We also have 
difficulty in the bootlegging of uninspected 
and poor quality fruit in the local areas. By 
bootlegging the dealer escapes all taxes and 
inspection and can sell lower quality fruit for 
less. Thus such fruit advertised at absurdlv 
low prices has a tendency to discourage th~ 
chains from handling legitimate fruit at profit
able prices. 

In developing the Florida Market we dis
tribute our information and · recipe booklets to 
County Home Demonstration Agents and to 

hundreds of Home Economic Teachers. We 
have asked the Florida Purchasing Board to 
utilize our fruits in preference to out-of-state 
products, and we intend to exploit the county 
governments as well. 

This year, which is actually our first year, 
we started , off with a statewide promotion of 
frozen limeade concentrate. We advertised 
twice weekly in seven newspapers in Miami, 
Tampa, Jacksonville and Orlando and had par
ticipating spots on 7 women's radio programs 
every day in these cities. We utilized the 
Winn-Dixie, Food Fair, Setzer, Public, A & P 
and B. & B. Stores; The promotion appeared 
to pay off as limeade sales were said to be 
considerably higher. Not only that, a new 
company, Realemon of Chicago, has bought 
a plant near Miami and have joined Libby, 
Minute-Maid, Par Ken and Donald Duck as 
processors of lime juice, not only for their 
own brands, but for the brands of many dis
tant chains. We are happy to state that this 
year no limes were dumped-all that could 
riot be sold as fresh fruit were put into juice 
and generally at higher prices than since 1953. 

\,Ve ran a similar campaign in Florida for 
fresh limes during June and July. Our field 
man supervised many mass displays. We gave 
prizes for the best displays and many of them 
were very handsome indeed. Comments from 
various produce managers indicated they were 
pleased with the promotion. 

We also made arrangements for a promo
tion with Mohican Stores of New York and 
New England-a seventy-store outfit. Mohican 
is a promotion minded chain and went all out 
on mass displays and tied in limes with their 
private label mayonnaise and tea. They also 
pushed limes in connection with lime me
ringue pie and featured these pies in their 
bakery department. 

This comparatively small chain sold over 
2000 bushels of fresh limes and 6,427 lime 
pies. 

Many Mohican managers said that they 
scored record sales of tea and mayonnaise, 
thanks to limes. The Bethlehem, Pennsylvania 
store reported "We sold more limes in the 
past 4 weeks than we sold since the store was 
opened in 1936." Easton, Penna. stated "The 
Florida Lime Promotion was a honey." 

.Norwich, Conn.-"Lime Meringue pies make 
a really hot summer special." Having a_ record 
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of a successful lime promotion behind us we 
feel we are now in a position to go to the big 
chains and ask for a lime promotion in several 
hundred stores. If the chain stores can be sure 
that ltmes will make them money, they will 
promote them for a limited period. We intend 
to use a number of chains successively 
throughout next summer. 

This fall we will have an avocado promo
tion going in about 300 stores of the Grand 
Union Chain in the Middle Atlantic Area <lur
ing the week of November 12. A similar pro
motion will run in the Mohican Stores at the 
same time. We have also arranged for a three
week promotion in about 250 stores of the 
Kroger Chain in Atlanta, Cincinnati and Chi
cago from the period November 29-December 
15. And we contemplate doing a six week 
promotion on both fruits in Florida in De
cember and January. \Ve have managed to 
get limeade on the Army-Air Force Master 
Menu for the summer months next year and 

we intend to exploit this possibility to the ut
most. 

Since our Commission is a temporary one 
with only a two-year life, it will expire next 
June, unless the growers wish the , activity 
continued. Our first two years have not all 
been success· we have made mistakes but we 
have learned from these mistakes. If we are 
continued, we will take over the promotional 
activity from our advertising counsel and will 
hire two or three field men to be constantly 
on the road plugging our products. We will 
advertise just enough to support these pro
motions and we shall do a thorough job in 
Florida but will not neglect the large popula
tion centers. We will do more to push our 
products in . the hotel and restaurant trade and 
will step up tie-in activity wHh all products 
that are companionable with lime and avoca
dos. This constant activity pointing out the 
uses of our fruit cannot in the long run help 
but to increase both the demand and the price 
for genuine Florida Avocados and Limes. 

NOTES ON TROPICAL FRUITS IN 
CENTRAL AMERICA 

WILSON POPENOE 

Esc11ela Agri_cola Panamericana 

Tegucigalpa, Honduras 

In April, 1956, more than thirty members 
of the American Societv for Horticultural 
Science (and quite a fe~ non-members; we 
wish there had been more) gathered together 
in the ancient, picturesque and romantic city 
of Antigua, Guatemala, for the annual meet
ing of the "Caribbean Region" of the Society. 
Florida, from Gainesville to Homestead, was 
well represented, Bill Krome and wife from 
the southern part of the State being "among 
those present," which may be the reason why 
Roy Nelson has asked me to write something 
about the status of fruit culture in Central 
America · for the Krome Institute. I would be 
glad to do this anyway, for I have never for
gotten what William J. Krome did to further 
the development of tropical fruit growing in 
southern Florida forty years ago. He shared 
with all of us everything that he learned-and 

it was a great deal. His enthusiasm was an in
spiration which still lives. 

\Ve are making some progress in Central 
America. \Ve are not progressing with the 
speed of a Florida real estate boom, but maybe 
that is all to the good. And right here I want 
to say that the one big factor in our recent 
progress has been more successful vegetative 
propagation, made possible by the use of plas
tics and by the admirable work of horticultur
ists in southern Florida. Who invented those 
plastics? I don't know, but I think we should 
put up a monument to him at the foot of 
Flagler Street in Miami. 

I shall talk first about mangos-and I hope 
not many of the people who were at Antigua 
are listening, for they have already heard what 
I am going to say-not only about mangos but 
about the other fruits I shall mention. And 
they saw most of them during the· excursions 
we had during our days in Guatemala-and I 
am going to add that I think horticultural 
gatherings in general should consist of about 
one day of meetings and five days of ex-
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cursions. This would fill up the week. For 
those who don't feel they have to go to church 
on Sunday there could be another excursion. 

Of all the tropical fruits ( I do not include 
Citrus, because this genus is not strictly tropi
cal) I think the mango is gaining ground 
more rapidly in Central America than any 
other. And when L say the mango, I might as 
well say Haden. Down here we like big fruits 
and showy fruits and sweet fruits. Especially 
big ones, though they must also1 be good look
ing and sweet. \Vhich reminds me of a fre
quent experience. One of our friends is given 
a Persian lime by a neighbor. "Look at this 
fine lemon," he says. "No seeds, and it bears 
almost all the year round!" His friend shakes 
his head. "Is that the best you can do with 
lemons? Let me. send you some of mine." And 
the next day he delivers a basket of five 
pound Ponderosas. 

But to go back to mangos. Haden will prob
ably remain our most popular commercial 
variety for some time-and we must add that 
up to now no grafted mango has achieved 
great commercial importance in Central Amer-
ica. 

I do not think there are many Hadens fa 
this part of the world which are old enough to 
show whether or not they are going to drop 
off in productiveness after they attain fifteen 
years or so. .What we have noticed is that 
when planted too close together they do not 
produce good crops. We have an orchard 
thirteen years old in which the trees are pro
ducing well on the sunny side, very little fruit 
on the shady side, next to another row. Those 
trees are only 24 feet apart. We are now 
planting at 40 to 45 feet. But we do not pre
sume to tell · you Florida horticulturists _. any
thing about mango culture, though we do 
think that because we have wider ranges of 
climate and soil we probably have more good 
mango regions than you have. There are 
places where we can get good crops even from 
Mulgoba-as here at Escuela Agricola Pan
americana. Even so, I am giving up hope of 
Mulgoba; it does not ripen well here, is badly 
attacked by anthracnose and fruit flies (Anas
trepha; we do not have Ceratitis, this state
ment being subject to change without notice, 
as the transportation companies say). 

The fruit fly business is serious, even with
out Ceratitis. Haden is not too badly attacked, 

especially early in the season. Julie is less sus
ceptible than any other variety we grow. ( I 
used to ask the boys in my horticulture class, 
who were forbidden to pick the mangos, 
"What mango is least susceptible to fruit fly 
damage?" And when a bright student answered 
'.'Julie" I asked him, How do you know?) 
Amini bears heavily with us and in Florida 
was one of my favorite mangos, but people 
here say it is too acid. I must reiterate that it 
bears excellent crops. The Java varieties, 
Aroemanis, Golek, Gadoeng and Madoe are 
not to be compared with the East Indian 
mangos, though Aroemanis comes close to 
being a Cambodiana. We are hanging on -to 
Madoe because Dr. Ochse says it is the best 
rootstock' in Java-and one of these days we 
are going to begin to think about mango root
stocks. 

Thanks to our friends in Florida, we have, 
here at Escuela Agricola Panamericana, the 
best collection of the newer Florida mangos 
in Central America. This orchard will begin 
to bear in a year or two. 

And now, what about avocados? In general, 
we can say that there is much less interest in 
grafted avocados, here in Central America, 
than in grafted mangos. This is perhaps be
cause our seedling avocados are pretty good, 
and our seedling mangos are not so good. But 
we keep telling people that almost anywhere 
in this part of the world you can have avoca
dos on your table-and for the market, which 
is more important - during seven or eight 
months of the year, if you plant four or five 
grafted varieties instead of seedlings. In gen
eral, the varieties which are proving most 
valuable here are the ones from south Florida. 

If you live at sea level, or in what we call 
tierra caliente ( up to about 3000 feet) you 
can start off with Simmonds, which to my 
mind is the best \Vest Indian we have. It is 
more productive and of better quality than 
Pollock. In fact, I can not visualize a better 
West Indian avocado than Simmonds, and I 
am glad that it bears the name of a man who 
did a great deal for the development of tropi
cal fruit growing in Florida. Then you come 
along with one or two of the ]ate-ripening 
West Indians. We do not have much experience 
with them yet. W e do not grow Trapp. Waldin 
seems to be good, and we are wondering about 
Catalina from Cuba. And I am wondering, 
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personally, if Catalina has been given a 
thorough trial in Florida. They tell me in Cuba 
that it is a fine avocado-but right here I 
want to ask, what has happened to avocado 
growing in Cuba? There seems to be much 
less interest than there was 25 years ago. 

After the West Indians, we come into the 
season for the Guatemalan-West Indian hy
brids which we have obtained from Florida. So 
far, we are not too happy with Lula. Perhaps 
we do not have just the right conditions for 
it. But many of your newer varieties look very 
good in our lowland areas: Simpson, Hickson, 
Choquette, Hall, and one or two of the Booth 
numbers. Then we go over into the spring 
months and we do not have anything that 
looks too good. 

When we get up into the middle elevations, 
tierra templada ( above 3500 feet, more or 
less) we have to drop out the vVest Indian 
varieties, give more attention to the Guate
malan x West Indian hvbrids, and think about 
the pure Guatemalans.' Nabal is perhaps the 
best of the latter, though here as in California 
it is an alternate bearer. Hass is good - and 
hei;e I may add that we have no prejudice 
against black avocados. Nor do they seem to 
have any prejudice in Chile, for I have re
cently sent to the man who is perhaps the 
greatest enthusiast in that country, Roger Mag
dahl of Quillota, scions of several Guatemalan 
x Mexican hybrids, and he especially asked 
for black-fruited ones. I suppose this is be
cause the Chilenos are used to t-.fexican avo
cados, most of which are black-fruited. Fuerte 
is all right in Central America, just like the 
Washington Navel orange, at 4000 to 5000 
feet or somewhat higher, but it has not yet 
attained any importance. 

In Central America generally, little atten
tion is paid to avocado culture above 6500 or 
7000 feet, but varieties of the Mexican race 
will thrive and produce good crops up to 7500 
feet or even higher. When one remembers 
that there was close contact between Guate
mala and the highlands of Mexico in Colonial 
times, it seems rather strange that so few 
Mexican avocados reached our part of the 
world in the early days. They got to Ecuador 
and they got to Chile, where they have pros
pered and have become locally important. 

Now let us tum to other fruits. First I want 
to mention the Annonas, because this seems 
to be a neglected g~oup, and because in his 
last years David Fairchild at Coconut Grove 
spent a lot of time growing them, making hy
brids, and with his dynamic enthusiasm urging 
others to do likewise. Some day the Annonas 
will come into their own. I wonder why we 
have been slow in realizing the possibilities of 
this genus? Perhaps because the cherimoya, 
finest of the group, is not buil,t for southern 
Florida. But there are Annonas for various 
climates; they are easy to hybridize; and easy 
to grow. We will have to agree that in general 
Annonas do not produce big crops. This has 
probably been a deterrent. But I would like to 
see you produce by hybridization an Annona 
which is as good as the guanabana or soursop 
( I have never liked the latter name; why did 
the British when they colonized the West 
Indies have to call things sops or apples or 
plums-especially hog plums?) and I would 
like to walk down Flagler street some day and 
see the boys and girls sitting up at the soda 
fountains wading into a guanabana sherbet or 
a champola-guanabana with milk and sugar. 
But let's make sure they ask for a champola, 
not a soursop soda. It will taste so much bet
ter. Even if they have to pay five cents more 
for it, 

What about this lychee businessr Back 
about 1915 my beloved Chief, David Fair
child, sent me down to Tampa to call on a 

. man who had three or four young lychee trees, 
and who was writing daily letters to the Secre
tary of Agriculture in Washington, insisting 
that the government plant most of Hendry, 
Collier and Dade counties with lychees. I 
visited Bradenton at the same time, and saw 
the lychee tree which was growing at the 
Royal Palm Nurseries. Egbert N. Reasoner 
was enthusiastic about lychees, just as he was 
about everything else which was growing in 
his perfectly extraordinary nursery; but he 
was a bit afraid of frost. Our friend in Tampa, 
after having done his level best to get David 
Fairchild fired-and no doubt, 1 would have 
gone with him-"froze out" and we didn't 
hear from him again. And then along came 
Colonel Grove and put the lychee on its feet. 
They say the Lychee Association will market 
about 37,500 pounds this year. I am glad I 
have lived to see this day. 



270 FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

What a future the lychee has in Central 
America! So far, there are only a few trees 
scattered here and there; but we have plenty 
of regions with suitable climatic conditions
our diversity of climates and soils is one of 
our great horticultural advantages. 

When I was developing Lancetilla Experi
ment Station at Tela, in the late 1920's, Dr. 
Otto Reinking who was hunting for disease
resistant bananas in the South Pacific sent 
over some lvchee trees from Amboina. These 
trees grew beautifully at Lancetilla; they came 
into bearing at an early age; and they have 
been bearing ever since. And they seem to 
bear every year, which is not true of all ly
chees. This variety has puzzled me. I do not 
consider the quality as good as that of Brew
ster, and the fruit is somewhat different in ap
pearance. I· believe you have the variety, 
either at Homestead or the South Campus of 
the University of Miami. I have wondered if 
it might be a hybrid between the lychee and 
the rambutan, but I doubt it. I wonder if it 
might be the so-called rose-scented (Bengal) 
lychee which has recently come to you from 
India. Without meaning any harm, I" want to 
add that ever since I was working with David 
Fairchild in Washington, forty years ago, I 
have been a_ trifle gun-shy of some of the 
East Indian nurserymen. \Ve used to get trees 
of a single mango variety, and usually a poor 
one, under seven different names; and just 
before Ileft Washington to come to Honduras 
we got a bushel or two of bamboo seed, under · 
five separate and distinct specific names, and 
it was all of one variety, and that just about 
the worst timber bamboo in the world. I 
brought some 25,000 young plants to Hon
duras and later when we had to put in the 

. bulldozers to get rid of it ( the spines made 

it impossible to grub it out) the expense prac
tically wrecked our budget for that year. 

We are interested in your guavas, and we 
are trying to get them started in this part of 
the world. You have really done something to 
that humble, much-maligned fruit (I under
stand much of the credit is due to Dr. Ruehle 
of Homestead) and the time will come when · 
there will no longer be occasion for the stories 
about guavas. I remember when I went to 
the Isle of Pines in 1914, one of the American 
settlers swore that he had sent a box of guavas 
to his brother in a small town in New Jersey, 
and he had marked it "Guavas. Perishable. No 
Delay." He said the express agent after wait
ing for three days, sent a postcard to the con
signee, saying "Please call for your guavas. I 
think he is dead." 

I do not want to make you jealous by talk
ing about fruits which we can grow and you 
cannot, but I will try to balance things a bit. 
The mangosteen is a perfectly grand fruit; 
it does well at low elevations in humid tropi
cal regions. David Fairchild said, when he 
visited us some years ago, that our mangosteen 
orchard at Lancetilla is the largest in the 
world. At that, we only have a thousand trees 
or so. And we can not see much of a commer
cial future for mangosteens. Irregular bearers, 
and the fruit rather difficult to handle com
mercially. On the other hand, we have the 
durian, which Dr. Fairchild sent us from 
Java. They say people in the South Pacific 
islands will almost kill each other, or will di
vorce their wives ( one at least) to get a 
durian; but when I took one from Lancetilla 
and left it in the bedroom of a friend, he 
rushed across the hall that night and said 
"Come over here and help me hunt; there 
must be a dead rat in my room but _I can't 
find it." 

MARKETING OF LIMES AND AVOCADOS 
IN FLORIDA 

HAROLD E. KENDALL, PRESIDENT • 

Sot1th Florida Growers Association, Inc. 

Goulds 

During the ten years from 1935 to 1945 
there were approximately 2,000 acres of avo-

cados and 3,000 acres of limes in Florida. 
Most of these groves were in full production 
during this period. There were approximately 
150,000 bushels of avocados produced annual
ly and 200,000 bushels of limes produced an
nually. During the period from 1945 to 1955 
the total of avocado acreage rnse to approxi-
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mately 9,000 acres and the amount of limes 
to 6,000 acres. During this past year there 
were about 600,000 bushels of avocados pro
duced and 500,000 bushels of limes. Many 
of these groves are not yet in full bearing. It is 
estimated that within the next two or three 
years the avocado crop will be between 800,-
000 and 900,000 bushels and the lime crop 
will be from 600,000 to 700,000 bushels. 

During the past ten years the land on 
which Dade County avocado and lime groves 
are planted has risen in price from $100.00 an 
acre to $1,500.00 an acre, and it appears that 
land prices will go even higher. To add to 
this, the costs of labor as well as fertilizer, 
have risen manyfold during the past · 10 years. 
With competition for labor from nearby mili
tary installations, as well as a tremendously 
expanding urban population, it can be ex
pected that labor costs will rise materially in 
the next few years ahead. 

Fort~mately, the newer plantings of avoca
dos have been made with varieties ,vhich 
bear more regularly and have heavier yields 
per acre. Too, with the use of better nursery 
stock, as well as the planting of more trees 
per acre, the lime growers have been able to 
increase their yield per acre from 100 to 150 
bushels up to 300 or 400 bushels per acre. It 
is expected that as price · for land increases 
and the costs of production increase, more in
tensive cultivation and more efficient use of 
machinery will enable the growers to increase 
their production of avocados and limes per 
acre at a somewhat lower unit cost than might 
have been possible in previous years. Still, 
with the prospect of lower prices due to in
creased production of both limes and avoca
dos each year and the continual increase in 
production costs, it can be seen that the avo
cado and lime growers in Florida are faced 
with a dilemma which must be solved if they 
are going to stay in business. 

Two years ago the avocado growers 
adopted a marketing agreement program 
which set up standards of quality for avocados 
so that only the best fruit would be marketed. 
In addition, they attempted to regulate the 
movement of some 50 varieties of avocados 
so that these would each be marketed at the 
time they were properly mature. Finally, they 
standardized the packages in which avocados 
were packed and marketed. 

A few months later the Florida Avocado 
and Lime Commission was formed by the 
growers of Florida for the purpose of adver
tising limes and avocados in order to increase 
the demand for these fruits. Efforts have been 
made to distribute avocados and limes as 
widely as possible throughout the United 
States by all of the marketing agencies. 

Since the growers and shippers of limes and 
avocados have been working closely together 
they have learned a great deal about their 
mutual problems and are taking steps to cor
rect these. Just during the past year a number 
of growers have cut down a good many of 
the less desirable varieties of avocados and 
grafted these over to some of the varieties 
which the markets prefer. This was the result 
of education gained by the growers and ship
pers working together to find out what va
rieties were best from a growing, packing, 
shipping and sales standpoint. The industry 
has concentrated on four or five varieties 
which are marketed all the way from July 
through February of each year. 

Although there are now better than · 50 
varieties being marketed commercially, 4 or 
5 varieties make up approximately 60% of 
the total fruit being marketed. The industry 
hopes to be able to further reduce the num
ber of varieties ,being marketed so that in t_he 
future only these 4 or 5 major varieties will 
comprise nearly 100% of the Florida avocados 
being marketed. In this way the Florida avo
cado industry hopes to be able to standardize 
on certain v:;irieties being marketed at certain 
times of the year and these will come to be 
recognized as the outstanding _avocados from 
Florida. 

Foi: many years Florida limes were used 
primarily in mixed drinks and as a hot weath
er beverage. When the weather turned cool, 
demand was very light. When supplies were 
short, prices were very high. The problem 
was to attempt to increase the use of limes 
in many ways other than beverages, such as 
on melons, on seafood, for pies and the mariy 
other uses in which acid fruits can be utilized. 
This has required continued effort on the part 
of the marketing agencies. The . Avocado and 
Lime Commission attempted to increase the 
use of limes by sales promotion campaigns · in 
the Florida markets, as well as in some select-
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ed markets in the North. All who have been 
connected •.with the promotion of avocados 
and limes will agree that it is a difficult job 
to introduce new fruits to consumers in 
northern markets and it takes continual sales 
efforts, as well as promotional work, to ex
pand the demand for these fruits. 

Mention should be made here that a year 
ago the lime growers decided to adopt a 
marketing program and under the difficult 
marketing circumstances of this past year, 

they have been quite successful in keeping 
the better quality limes going to market and 
diverting surplus and off-grade fruit to by
products. 

The Florida Avocado and Lime Commis
sion presently taxes all growers at the rate of 
10 cents per bushel for their promotional 
work. The avocado and lime growers of Flori
da feel thqt continued efforts at creating de
mand will enable them to sell their future 
crops at profitable prices. 

THE SUB-TROPICAL FRUIT PROGRAM 
OF DADE COUNTY 

JoHN D. CAMPBELL 

County Agricultural Agent 

Dade County 

This is a review of the major phases of 
work with sub-tropical fruits during the last 
ten years as carried out by the County Agent's 
Office of Dade County. Here a statement 
should be made that this work was carried 
on very largely by or under the direction of 
Mr. Charles H. Steffani who retired as County 
Agent, September 30, 1955. 

Dade County is the leading county of the 
state in the production of sub-tropical fruits. 
Due to the county's location and its climate, 
this is one of the important segments of our 
agriculture. 

The major commercial sub-tropical fruits of 
the county are avocados, Persian (Tahiti) 
limes, mangos and papayas. The limes are 
included here as they are more subject to 
coldinjury than the more widely grown citrus 
fruits. The other sub-tropical fruits grown in
clude the bananas, guava, the Barbados cher
ry, black raspberry, Ti-es, Sapodilla, various 
annonas, and several dozen other fruits. Some 
of the latter group are grown to a limited ex
tent commercially, but for most part are con
sidered as dooryard fruits. 

Avocados, the most extensively planted, ac
count for 8998 acres. Persian lime acreage 
amounts to 6600 acres and mangos total 2500 
acres. The plantings of the other fruits will 
probably amount to another 350 acres not 
including dooryard plantings. 

Now that you have the above picture of the 
extent of the sub-tropical fruit industry in 
Dade County, I will now discuss some of the 
problems that have existed and the resulting 
major phases of work as carried out by the 
County Agent's Office. 

Returns in many instances were not satis
factory. For this reason, mainly "Cost of Pro
duction and Return Studies" were made. This 
work began in 1947 but records were obtained 
and compiled on avocados and Persian limes 
as far back as 1940. Such records assisted 
many growers in e~aluating their position. I 
believe, however, the most important result 
was that the records were such that the whole 
industrv was informed of the overall low 
profits · and in due time began to take steps 
to improve the situation. 

For a period of several years immediately 
following World War II there was a growing 
interest in planting groves. During this period 
the acreage of our major fruits more than 
doubled. During this time the County Agent's 
Office had to be prepared to advise growers, 
many new to the area, on grove site selection, 
proper elevations, land preparation and all 
factors that affect the proper planting of a 
grove. 

There has been a large number of avocado 
varieties and mango varieties to choose from 
for a · number of years. There has, however, . 
been a great need for better varieties that 
will give increased marketable yields com
bined with improved consumer acceptance. 
Many individuals as well as research groups 
have been encouraged to be continually on 
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the watch for promisii~g new varieties. A 
close working relationship has been main
tained through the years with the Florida 
Mango Forum and its variety committee. 
Colored slides have been made and used to 
describe and advise growers to use the more 
promising varieties. 

Nutritional recommendations for our sub
tropical fruits have for most part been based 
largely on the research work as carried on 
by the Sub-Tropical Experiment Station at 
Homestead . The County Agent's Office has 
had three fertilizer demonstration plots for 
several years and has had a number of demon
strations using certain minor elements that 
covered a shorter period. 

Nutritional recommendations for many of 
the dooryard fruits, particularly the minor 
ones, have always been difficult since there 
is little or no research information available 
for many of them. Suggestions are · usually 
made that conform closely to those for trees 
that have similar characteristics or advice is 
based on certain known practices that have 
been satisfactory. 

Diseases and insects which seem to plague 
all of agriculture really go for our sub-tropical 
fruits in a big way. Without going into any 
of the scientific descriptions or treatments, I 
will say that this part of our program is 
handled by any or all of the following meth
ods and some that are not listed : Surveys, 
timely letters to growers, bulletins, mimeo
graphed spray schedules, etc., personal farm 
visits, promoting the State Plant Board's Citrus 
Bud-Wood Certification Program and of 
course, supporting and cooperating with such 
programs as the Med-fly program. 

Marketing has been a part of our sub-tropi
cal fruit industry that we have given a lot of 
time and effort to in recent years. We have 
annually made estimates of the season's crop. 
Surveys have been carried on among growers 
as well as shippers to determine their opinion 
of certain marketing conditions or practices. 
Over five years ago, two surveys were made, 
one to determine the number and types of 
containers used for shipping avocados, the 
other the containers for shipping Persian 
limes. Prior to and during marketing agree
ment hearings our office made available all 
production and marketing information we had 
available so that the best evaluations of mar-

keting needs could be made. \Ve have and 
will continue to assist .the following commit
tees or agencies: The Florida Avocado Mar
keting Agreement Committee, the Lime Mar
keting Agreement . Committee, The Florida 
Lime and Avocado Commission and the U.S. 
D.A. Agricultural Marketing Service cooper
ating with the Sub-Tropical Experiment Sta
tion. 

Changing conditions have made it necessary 
to carrv on survevs from time to time. These 
have included s~rveys of avocado varieties, 
mango varieties, acreage planted to avocados, 
limes and mangos, cold damages and insect 
and disease buildup conditions. 

During the last two years Mr. W. R. 
Llewellyn, Assistant County Agent, has been 
making a number of fruit variety models. 
After developing first a very practical pro
cedure he has prepared models of some 46 
avocado varieties and 26 varieties of mangos, 
all painted in near true colors. These we are 
using to teach varieties by always having an 
exhibit on hand, 

In addition to the various subjects covered 
so far there are several more or less routine 
methods that we have used in carrying on the 
sub-tropical fruit work. These include the an
nual grower's meeting or institute, tours to 
show better grove practices, horticultural 
clinics, exhibits at fairs and conventions, 
timely releases lhrough letters, newspapers, 
etc. There is also a soils laboratory at the 
Homestead Office where routine soil samples 
are tested and grove owners receive advice 
on care of their grove land, based on these 
tests, and the past history of the groves. 

In summarizing I would like to say that in 
covering the sub-tropical fruit work in Dade 
County both commercial and dooryard fruits 
are included in our program. The major phases 
of work discussed included, Cost of Produc
tion and Return Studies, Grove ·site and plant
ing suggestions, variety selection and improve
ment, nutritional recommendations, disease 
and insect problems, marketing, surveys, fruit 
models for exhibits and displays, and general 
activities or routine methods used in doing 
the job. 

Working with the Sub-Tropical fruits., is al
ways interesting and one learns not to be sur
prised when something new or very unusual 
happens, is found or developed. 
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SOME OBSERVATIONS ON LIME AND AVOCADO 
GROVE CULTURAL AND MAINTENANCE 

PRACTICES IN DADE COUNTY 

NORMAN E. SUTTON 

Groi;e Management, Inc. 

Goulds 

In recent years there have been considerable 
changes in the way that lime and avocado 
groves have been planted in Dade County. 
These changes have made it necessary to 
change the cultural and maintenance practices. 

By changes in grove planting, I refer main
ly to the number of trees that are now being 
planted per acre and to the way the land is 
prepared before planting. In the last 6 or 7 
years there has been a gradual tendency 01i 
the part of growers to plant more trees per 
acre and to prepare the land more thorough
ly before planting. Better land preparation has 
been made possible by equipment perfected 
during this time, such as the trenching plow, 
rock crushing machine and heavier scarifying 
equipment. This equipment has made it possi
ble to get a much deeper soil in which to plant 
and this gives the trees a better chance to 
grow in the limestone rock soil in Dade Coun
ty. The older methods usually resulted in trees 
being planted in very shallow soil. 

Previous to 6 or 7 years ago the average 
avocado pl,mtings consisted of about 75 trees 
per acre and the average lime plantings about 
90 trees per acre. This has been increased to 
as high as 100 trees per acre in some avocado 
plantings and to as high as 125 to 150 trees 
per acre in some of the lime plantings. There 
has been some mixed planting of avocados 
and limes running about 122 trees to· the 
acre. The main reason for the increase in the 
number of trees per acre during the past 6 
or 7 years is the steadily increasing price of 
land which makes it imperative to utilize the 
land to the fullest extent while the trees are 
young and so increase production as much as 
possible during this early growing period. Land 
prices in Dade County have risen to $1300 to 
$1700 per acre during the past year. 

Cultural methods, . of course, have been 
changing right along as new methods were 

found and shown to be profitable. We have 
noted that irrigation, more timely fertilizer 
applications, fertilizer of higher analysis to
gether with application of minor elements 
have all increased fruit yields and . been of 
economic value. Because of the Marketing 
Agreement Programs adopted by the grow
ers, there has been the necessity to carry on 
a better spray program to insure a higher 
percentage of quality fruit: 

Another factor which is helping the lime 
and avocado growers to attain better produc
tion and better quality fruit is the practice of 
more careful selection of budwood material 
from trees of known fruiting habits and other 
beneficial qualities. Work has been done on 
propagation methods, such as marcotting, 
which looks very promising as a means of 
propagating limes. 

In the avocado plantings there has been 
considerable top working to varieties which 
are more prolific and of the type which are 
in demand by the commercial markets. All of 
this, along with the inauguration of the bud
wood certification program by the State, 
should permit the grower in the Dade County 
area to get much better production per acre 
than ever before. Therefore, even though a 
good many of the older groves are being 
bought up for housing or for speculative pur
poses, and despite the fact that in the past 
two years very few new groves have been 
planted, the over-all production of avocados 
and limes in Dade County will not decrease 
but should even increase until the existing 
groves planted in the last 3 or 4 years reach 
their maximum production. 

Along with all these changes, there has also 
arisen many new problems which the grower 
will have to solve in order to maintain maxi
mum production and quality, especially in the 
close planted groves when they reach ma
turity. We realize that we face the problem 
of continually higher labor costs. This, to
gether with the probable shortage of labor, 
indicates that we will have to utilize methods 
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and machines used by other industries, such 
as the hedging machines, speed sprayers, 
fertilizer distributors, etc. However, there 
are other problems which have not been 
solved but must be as the necessity arises. 

It is too early as yet to say for certain wheth
er these closer plantings are the right thing 

to do in the long run. Certainly, there is a 
limit to how far this can go. However, at the 
present time maximum production is being 
attained in these young plantings and 'this jus
tifies the planting of land which has now 
risen to such high prices that it is nearly pro
hibitive to plant or u_se the same as grove land. 

FUTURE OF FLORIDA MINOR TROPICAL 
FRUIT INDUSTRY IN DOUBT 

NIXON SMILEY 

Miami Herald Farm & Garden Editor 

and Director, Fairchild Tropical Garden 

Miami 

When Dr. Wilson Popenoe was searching 
Latin America for improved varieties of tropi
cal fruits some 40 years ago, there was a 
great deal of optimism for the possible devel
opment of an important industry of minor 
tropical fruits in Southeast Florida. 

The area was thinly populated and land 
prices were very low. Moreover, it was the 
only part of the United States mainland 
which offered any future for the production of 
a large number of tender tropical fruit species. 
It was only natural for early growers to look 
into the future with optimism. 

The boom of the 1920's and its subsequent 
explosion ended the first phase in the at
tempt to develop such an industry. Rejuvena
tion of the industry began in the early 1930's, 
with the widespread planting of avocados in 
the Redland District ol South Dade County. 
The establishment of the University of Florida 
Subtropical Experiment Station at Homestead 
in 1930 gave encouragement to the industry. 

The station made test plantings of many 
kinds of tropical fruits, including the guava, 
sapodilla, canistel, eugenia, carambola, fla
courtia, malpighia, akee, and sapote. Fertilizer 
trials were made in plots of avocados and 

-limes. A collection of promising mango va
rieties was planted. 

A boost was given to the · marigo industry 
by the formation of the Florida Mango Forum 
in the late 1930's. A number of promising 
commercial mango varieties were brought to 

light by the Forum's variety committee. Most 
of the mangos now planted commercially are 
varieties first reported by the Forum, working 
in co-operation with the Subtropical Experi
ment Station. 

During the years immediately following 
World War II, the future for a minor tropical 
fruits industry looked better than it ever did. 
Avocado and Persian lime acreages were 
doubled. Dade County avocado plantings 
reached 9,000 acres and limes 7,000 acres by 
1950, while commercial mango plantings 
topped 2,500 acres. 

Meanwhile, the University of Miami es
tablished divisions of tropical horticulture and 
tropical foods processing. The university, situ
ated on the border between the temperate 
zone and the tropics, seemed to be in a per
fect position to develop . a unique school for 
tropical plant and food studies. 

In 1949 South Dade land prices began to 
soar. Since then land prices have risen as much 
as 1,000 per cent. What has happened in Dade 
County is being repeated in other areas along 
the Southeast Coast. Land suitable for grove 
planting in Dade County now ranges in prices 
from $5,000 to $8,000 an acre. 

Contrary to what might appear on the sur
face, the price rises , are not all a result of
speculation buying. Florida Power and Light 
Company officials are gearing their plans for 
population of 1,500,000 in Dade County by 
1965. If this increase is realized, it means that 
the county's population will · double during 
the next nine years. But Broward County's 
population has gained 90 per cent !n the last 
five years while that of Dade County has 
gained 42 per cent during the same period. 
Palm Beach County likewise has had a tre-



276 FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

mendous population gain. The population of 
the three southeast coast counties is expected 
to reach.2,000,000 by 1965. 

If the predicted population growth of Dade 
County is realized, just about all of the land 
areas suitable for fruit culture will be sub
divided within the next 10 years. By that 
time it would be difficult ·to find land in Dade 
County suitable for fruit culture that could be 
bought for under $10,000 an acre. 

Even then, there will be considerable mar
ginal land remaining for winter vegetable pro
duction, including large areas of marl glad(is 
and low pineland. But even these areas, now 
subject to flooding during the rainy season, 
are expected eventually to be filled and made 
available for residences. 

Even when Dade County's population tops 
2,000,000, as it may do by 1970, there will 
be a great amount of fruit produced in door
yard groves. But whether this supply could 
be utilized to form a commercial fruit indus
try is doubtful. Experiences with present acre
size groves of mangos, avocados or limes do 
not point to this possibility. 

It is very doubtful that the average door
yard fruit grower could produce fruit cheaply 
enough to make a profit, even if he used his 
own labor for spraying, fertilizing and picking. 
In some years he might do well, but to get 
fancy prices he still would have to depend on 
a very select market. It doesn't seem likely 
that thousands of dooryard groves would be 

able to produce a uniform, high quality fruit 
suitable for shipping to Northern fresh fruit 
markets. Cuba, Puerto Rico and other Carib
bean islands would be more 'favorably situated 
for growing tropical fruits and shipping them 
to Northern markets. It seems likely that the 
mango could be produced in Cuba, shipped 
to New York by air, and be sold at a price be
low the cost of producing the fruit . in Florida 
on $10,000-an-acre land. 

But even if Southeast Florida does not de
velop the rich tropical fruit industry once 
hoped for, there is no reason to consider tropi
ical fruit horticulture dead in the area. The 
popularity of tropical dooryard fruits is likely 
to continue, if the Mediterranean fruit fly is 
eradicated, and, eventually, there may be al
most as many dooryard fruit trees as we could 
have hoped to see in commercial plantings. 
The need to learn more about how to make 
tropical fruit trees productive, to select im
proved varieties, and to learn how to do a 
better job of controlling insects and diseases 
will continue to exist. But the research will be 
done for the dooryard horticulturist rather 
than for the commercial horticulturist. 

So, for most phases of tropical horticulture, 
opportunities still exist. There is a great need 
for the training of students in tropical horti
culture; and, likewise, there should be an in
creasing demand for trained students in this 
field, both in tropical fruit production and 
tropical or1;1amental production. 

KROME MEMORIAL AVOCADO VARIETY 
COMMITTEE REPORT 

F. B. LINCOLN, CnAnu,.fAN 

Homestead 

The work of this committee is to register 
the names of seedling avocados. That is, it 
makes official the name selected bv the owner 
for a seedling avocado that he de{ires to have 
recognized. Your committee writes a descrip
tion of the fruit registered along with what 
knowledge there is of the tree. This year no 
seedlings have been submitted for registra
tion. 

At present the number of avocado varieties 
grown in Florida for marketing are too num- , 
emus for orderly marketing. Yet none ot 

these named varieties are perfect in all re
spects. Variety improvement can only come 
through the discovery of new seedlings. Be
fore these new ones are acceptable they must 
be proven by test planting of trees to know 
the tree and fruit behavior over a number of 
years. 

The avocado industry of Dade County will 
decrease in acreage because of the rapid 
growth of local population and the avid de
mand for land for houses. This leaves little 
time for the development of new avocado 
varieties, although they can be top-worked 
into old trees for rather immediate relief where 
it becomes ne?essary. 
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AND Roy 0. NELSO!\' 

Division of Research and Industry 
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The Minneola tangelo, a hybrid of the 
Bowen grapefruit pollinated with the Dancy 
tangerine (7), is considered an excellent fruit 
because of its attractive color, fine flavor, few 
seeds, and good shipping quality. The com
mercial value of this fruit has been limited due 
to its failure to set adequate crops when plant
ed in solid grove plantings. 

A previous report ( 3) showed that the 
failure of the Minneola tangelo to set adequate 
fruit could not be directlv attributed to a de
ficiency of nitrogen, pho~phorus, or .boron al
though an increase in nitrogen level did re
sult in a slight increase in yield. Likewise, 
Butcher (I) has shown that honey bees as 
pollinating insects have a beneficial effect on 
.:\1inneola fruit set but of insufficient magni
tude to provide an adequate explanation to the 
overall problem. 

The purpose of the present paper is to pre
sent data dealing with the effect of pollen 
source on the yield of Minneola tangelos and 
to present a few observations concerning the 
floral anatomy of Minneola and other varieties 
of tangelos. These data cover research con
ducted during the past two years. Although a 
brief summary of part of the first year's work 
has been presented ( 6), it has not yet been · 
published and is again summarized here as 
the second year's work is a continuation and 
confirmation' of the observations of the previ-
ous year. 

MATEHIALS AND METHODS 

The Minneola trees were four years old at 
the initiation of these studies and are on rough 
lemon rootstock growing on oolitic limestone 
in South Dade County. 

stigmas and styles were made with a pair of 
metric vernier calipers. 

The viability of the pollen was determined 
by the hanging drop technique ( 5) using 20% 
sucrose media. After 24 or 48 hours storage at 
room temperature, percentage germination and 
average pollen tube length was determined 
for representative fields of each hanging drop 
slide. 

In the spring of 1955, approximately 200 
Minneola flowers were hand-pollinated with 
Seminole and Lake tangelo pollen. The pollen 
was obtained by collecting unopened flower 
buds of the two varieties and storing them in 
a warm room for a couple of days until the 
anthers had dehisced. Minneola flower buds 
which were about to open but which had not 
yet begun to shed pollen were emasculated by 
running a scalpel around the base of the bud 
removing the petals and stamens. The pollen 
was applied by dusting it from the dehisced 
anthers of the other . varieties onto the recep
tive sticky stigmas of the emasculated flowers. 
In the case of the self-pollinated Minneolas, 
flower buds which were about to open were 
bagged without emasculation. All excess flow
ers and unopened buds adjacent to the pol
linated flowers were removed prior to bag
ging. The same basic procedure was followe~ 
in 1956 except that Valencia and Pineapple 
orange and Seminole and Minneola tangelo 
pollen was used; the Minneola flower buds, to 
be self-pollinated, were emasculated and hand-

Measurements of the lengtl1 
dual pistils and the combined 

. pollinated with Minneola pollen; and alumi
. num foil caps were substituted for craft paper 

bags for covering the hand-pollinated flowers. 
The following adaptation of the Oppenheimer 
aluminum foil technique suggested by Men
del ( 4) proved much faster than the tradi
tional bagging technique. Small aluminum foil 
caps were formed by pressing a piece of 
aluminum foil, measuring approximatl:)Iy 2 by 
2 inches, over the eraser end of a lead pencil. 
After hand-pollinating the flower, one of the 
aluminum caps was placed over the ema.scu
lated flower and pressed in around its base 
( Fig. l). The craft bags and aluminum Joi! 

of . the indivi- caps were removed after. approxtrria~e1Y. th.r~e 
length of the · weeks and in those instanGeS .. )Vh~re frµit: .had 
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One of the tart varieties was designated as 
SES 1000. The original plant was located on 
the Page homestead in the Redlands area of 
Dade County. Cuttings were made in 1936 
and one plant was set in th field. It grew 
well, produced large, pale red fruits which 
were juicy, tart and good-flavored. In 1947, 
SES 1000 was sel cted as a tart variety to be 
field-tested. Ten rooted cuttings were set out 
in 1949. The skin of the fruit is exb·emely thin 
- much thinner than fruit from other clones. 
Bruising, therefore is a problem. The flowers 
are unusual; that is, they are almost pure 
white. The plants, somewhat dwarf, have 
thick heads, with spreading branches that tend 
to break when the fruit et is heavy. Yields 
have been consistently lower than otl;er selec
tions. The a corbic acid content of a sample 
of juice was 1,050 mg. per 100 grams of 
juice. Because of the low yields, low ascorbic 
acid content, thin skin, and unclesirnble 
growth habits, this selection is not recom
mended for fi eld planting, 

The other tart variety grew at tl1e home of 
1Ir. S. Younghans of 1liarni. Cuttings were 
mad in 1947 and 10 plants were set in the 
test block in 1949. The plants are bushy, 
spreading, and have mun rous thick branches 
that form a dense head. The leaves are uni
formly small and the flowers, rosy red. The 
dark-red fruit tastes tart but is pleasant. The 
ascorbic acid content of a sample of juice was 
1,900 mg. per 100 grams of puice. The plants 
bear heavily from May to October and 1 o
vember, which is much later than tl1e other 
selections. Yields have been atisfactor but 
not as high as the sweet variety. The 'main 
fault of iliis selection is its marked tendency 
to produce small fruit, even when treated the 
same as the other clones. Quite often, fruit of 
an entire harvest will average one-half inch or 
less in diameter. Because of this trait and the 
poor habit of growth, this clone is not desir
able. 

The third selection was designated as the 
"sweet" vaiiety. In 1940, 200 seeds from a 
plant a t the Sub-Tropical Experiment tation 
were planted. Twenty-five germinated and 9 
plants were set in the field in 1942. The rest 
were clisb·ibuted, some to the Dade County 
Nursery. One of the plants grown at this 
Nursery produced much sweeter fruit than any l ~~wn in Flodd, so fru·. Thcee cuttings ob-

tained from this plant were sel in the fi eld at 
the Sub-Tropical Experiment Station in 1947. 
The next year these plants were killed by a 
flood but not before 16 cuttings were obtained. 
In 1949, 10 of these rooted cuttings were 
planted in the test block. 

The sweet variety is best in vigor, habit of 
growth, cold tolerance, ease of propagation, 
yields, size of fruit , high juice content, flavor, 
skin tl1icJ...,iess, and resistance to stink bugs. It 
also has a satisfactory ascorbic acid content. 
"Florida Sweet Barbados cherry" is proposed 
as a name for thi election. 

D ESCRIPTION 

The F lorida Sweet Barbados cherry grows 
upright and produces branches which grad
ually spread, forming an rect and open bush 
(Fig. 1 ). At six years of age plants are about 
eight feet in height. This variety is more 
vigorous and faster growing than the other 
clones on test. The branches are thick and 
woody and have conspicuous, raised, white 
lenticels. 

Fig. 1. Florida Swee t Barbados cherry 6 years in 
the field . Notice the chara·cte ris tic upright and open 
type of growth. 

The leaves are opposite and simple, and 
when young are clothed with white, silky, ap
pressed, two-branched hairs . Typical of the 
species, these hairs are somewhat irritating 
and rub off easily on contact. The herbaceous 
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TABLE 1. l!El!SURN.ENTS OF TAn'.zEL0 PISTILS 

Variety No. of nowers Average Length (rdcra)* 
checked 

Pistil Stigma & Style Ovary 

J~inneoh 100 13,500 9,800 3,700 

Lake . 100 12,100 8,900 3,200 

Seminole 100 12,200 s,900 3,300 
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* These figures have been converted from centimeters to micra to facilitate 
comparison with the data in Table 2. 

factorily followed through the stylar canals 
of the tangelo although a number of stains 
have been tried both on crushed and sectioned 
tissues. 

Effect of proximity to other citrus varieties 
on fruit and seed prodiiction of Minneola tan
gelos: It had been observed during past sea
sons that a single Minneola tree located in a 
mixed citrus planting had consistently born a 
heavier crop of fruit than had the Minneola 
trees in the solid Minneola planting although 
the trees were of the same age and had re-

ceived comparable cultural treatments. A 
check on the average number of seeds in 
twenty mature fruit resulting from open pol
lination showed that the fruit in the Minneola 
block, three rows from a row of Seminole 
trees contained an average of 3.6 seeds per 
frnit; whereas, twenty fruit from the Minneo
la tree located in the mixed citrus planting 
contained an average of 16.1 seeds per fruit. 

Yield records were taken on a block of 
Minneolas consisting of six rows of thirteen 
trees each, having a single row of Seminoles 

TABLE 2. VIABILITY OF POLLEN CULTUicED ON AhTIFICliL ;,TI.JU 

Ho. of Gemination Percent .:~verage Length 
Year Polle.n 

Cultures :Period Germination of Pollen Tubes 

ncra 

1955* Lake ~ngelo 8 24 hrs. 59 202.9 

Seminole tangelo 8 24 hrs. 65 218 • .3 

!tinneola tangelo 8 24 hrs. 44 174.5 

1956 Hinneola tangelo 8 48 hrs. 1.3.6 2.3.4 

Seminole tangelo 8 48 hrs. 56.4 177.4 

Pineapple orange 8 48 hrs. 8.2 · 27.7 

Valencia orange 8 48 hrs. 9.9 4.3 • .3 

* 1955 pollen cultures no.de froCT freshly collected pollen, nhereas the 1956 
cultures ,1ere J'T1ade using pollen sto:::-ed at room teraperature for five days. 
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on one side of the block and several rows of 
Lake tangelos on the other. It is evident from 
Fig. 2 that there was a marked increase in 
vield with decrease in distance from either 
~f the pollen sources. 

14 _ 

12 
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~ 
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Number rows from other tangelo varieties 

Fig. 2. Effect of Proximity of Lake and Seminole 
Tangelos on Yield of Minneola Tangelos. 

Effect of hand-pollination on Minneola 
fruit set: In view of the above observations, it 
was deemed advisable to determine the effect 
of · cross-pollination on Minneola fruit set. 

The viability of each type of citrus pollen 
used in the hand-pollinations was determined 
and these data summarized in Table 2. The 
difference in the viability and pollen tube de
velopment noted on the two consecutive years 
for pollen from the same variety of citrus may 
be partially attributable to the fact that the 
1955 cultures were made from freshly col
lected pollen; whereas, the 1956 cultures were 
made from polien following storage for five 
days at room temperature. 

It will be noted from the 1955 data in 
Table 3 that no Minneola flowers set fruit 
when self-pollinated; whereas, 1_8.9% and 9.3% 
set fruit when the flowers were cross-pollin
ated with Seminole and Lake tangelo pollen, 
respectively. Subsequent shedding of fruit was 
greater in the case of the Minneola which had 
been pollinated with Lake pollen than in those 
pollinated with Seminole pollen. No seeds 
were found in the fruits pollinated with Lake 
pollen, while those pollinated with Seminole 
pollen averaged 39.8 seeds per fruit. Based on 
these data, the Lake tangelo was not consid
ered a desirable pollen source for the Minneola 
tangelo. 

In the spring of 1956, additional hand
pollinations were made using Valencia and 
Pineapple orange and Seminole and Minneola 
tangelo pollen. The pollen of the two varieties 

UBI.E 3. EFFD::T CF POLLEN SOUR::E ON VINNEOLl FRUIT DEVE!t>Pl,tmr 

Year Pollen Source No. % Set .A.fter 
Pollinated 

28 da;yp 

1955 Lake tangelo 107 9.3 

-Seminole tangelo 106 18.9 

!linneola tangelo 91 0 

ll..gm_ il...9&!. 

1956 Valencia orange 86 29.l 25.6 

Pineapple orange 84. 58.3 50.0 

Seminole tangelo 82 31.7 27.5 

l!inneola tangelo 81 s.6 1.2 

* Number of small aborted seeds. 

'/, Reach.in& 
Maturity 

2.8 

16.0 

0 

24.4 

36.9 

20.7 

0 

No! ~eeds 
.lverage 

0 

39.8 + (4.2)* 

a..o (~.3)* 

35.4 (15.6)* 

37.5 (9.7)* 

L E~!i 
Ra?Jge 

53 .. 31 

52-32 

45-24 

50-29 
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of orange were used to determine if pollen 
from some other citrus having greater com
mercial value than the Seminole tangelo could 
be found which would prove equally effective 
as a pollinizer for topworking trees in solid 
Minneola plantings. It can be seen from Table 
3 that Pineapple and Valencia orange pollens 
were about equal or superior to Seminole pol
len in increasing the set of hand-pollinated 
Minneolas. It is not known whether the 
marked increase in fruit set following hand
pollination with Seminole pollen in 1956 as 
compared to 1955 could be attributed to the 
use of the aluminum caps instead of the craft 
paper bags for covering the hand-pollinated 
flowers. The use of aluminum caps eliminated 
the wilting of leaves adjacent to the hand
pollinated flowers such as occurred following 
their enclosure in the craft paper bags. The 
slightly chlorotic appearance of the set fruit 
enclosed in the aluminum caps soon disap
peared following their exposure to sunlight. 
The use of pineapple orange pollen resulted 
in a higher yield of mature fmit than did the 
other pollens used in the 1956 hand-pollina
tions. 

Topworking solid Minneola blocks to pro
vide for cross-pollination: Based on the above 
observations, a five acre block of four year old 
Minneolas has been partially topworked to 
Pineapple orange Jo determine th.e effective
ness of this pollen source in the open pollina
tion .of Minneolas. The five acre block was 
divided into two plots consisting of two and 
one half acres each. In one plot, containing 

· thirteen rows of thirteen trees each, the third, 
seventh, and eleventh rows have the third, 
seventh, and eleventh trees topworked to 
Pineapple orange giving a total of nine top-· 
worked trees as pollen sources. In the other 
plot, containing the same number of rows and 
trees per row, the third, fifth, ninth and elev
enth rows have the th~rd, sixth, ninth and 
twelfth trees topworked to Pineapple orange 
giving a total of sixteen topworked trees as 
pollen sources. By taking yield records from 
the individual trees in these two plots, it 
should be possible to determine the effective-

ness of Pineapple pollen in the open pollina
tion of Minneola tangelos and to learn some
thing concerning the number and distribution 
of trees which should be topworked to a 
pollinizing variety to provide for cross-pollina
tion in solid Minneola plantings. 

SuMMAHY 

The commercial value of the Minneola tan
gelo has been limited due to its failure to set 
adequate crops in solid grove plantings. A two
year experiment dealing with the effect of 
pollen source on the yield of Minneola tange
los is presented together with some observa
tions concerning the gross anatomy of tangelo 
flowers. It was found that a marked increase 
in fruit set resulted from the hand-pollination 
of Minneola flowers with the pollen of either 
Seminole tangelo, Lake tangelo, Valencia 
orange, or Pineapple orange as compared to 
self-pollination. Based on these observations, 
a five acre block of Minneola trees has been 
partially topworked to Pineapple orange to de
termine its effect through open pollination on 
the yield of the Minneola planting. 
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CHANGES IN PHYSICAL CHARACTERS AND 
CHEMICAL CONSTITUENTS OF HADEN 

MANGOS DURING RIPENING AT 80° F. 

MORTIMER J. SOULE, JR. AND PAULL. HARDING' 

Quality Maintenance and Improvement Section 

Agricultural Marketing Service 

United States Department of Agriculture 

Orlando 

In Florida mangos ( Mangifera indica L.) 
are generally harvested when they are hard 
and dark to light green or light yellow. Sev
eral days are required for the fruit to ripen 
to an edible state, and it is difficult to de
termine the stage at which highest possible 
quality is attained. Studies by Harding, Soule 
and Sunday ( 1) 2

, Soule and Hatton ( 2), and 
Soule and Harding ( 3) indicated that mangos 
ripened at 80° F. are of inferior quality if they 
have a firmness of more th:m about 6 pounds 
or of less than about 2 pounds.' The present 
investigation was undertaken to determine 
changes in various physical characters and 
chemical constituents of Haden mangos during 
ripening from a hard, unripe stage to a soft, 
overripe one. 

MATERIAL AND METHODS 

The Haden mangos used in the study were 
grown in Dade County, Fla., and the tests 
were conducted at the U. S. Department of 
Agriculture Horticultural Field Station, Or
lando, Fla. The fruit was picked June 17, 195~, 
late in the season of commercial harvest for 
the variety. The fruit shipped via Railway 
Express Agency was in transit for 3 days. 

On arrival at Orlando, the fruit was divided 
into 10 subsamples of 10 fruit each. Fruit was 
selected so that all subsamples had approxi-

1/AcknowlE!dgment is made· to the Executive Com
mittee of the Florida Mango Forum for whole-hearted 
support of the research program. It is also made to 
Harold T. Cook, in general charge of the work, and 
other staff members of the Quality Maintenance and 
fmprovement Section, T. T. Hatton, Jr. and John 
Popenoe, Homestead, Fla., and W. H. Henry, Orlando, 
Fla., for their assistance in conducting the investi
gation. 

~'/Numbers in parentheses refer to Literature Cite<l, 
p. 6. ' 

3/Measured by Magness-Taylor pressure tester with 
plunger of 7 /16-inch diameter. 

mately the same weight. One subsample was 
analyzed immediately and the remainder were· 
stored at 80° F. Daily withdrawals of one sub
sample were made for 9 days. Values recorded 
on the fresh fruit included weight, flesh firm
ness, total soluble solids, total acid ( as citric), 
solids-acid ratio, acidity (pH), ascorbic acid 
( milligrams per 100 grams of flesh), and nu
merical flavor rating. Standard methods were 
used for determination of the various chemi
cal constituents. Flavor was rated by a taste 
test. Unpalatable fruit was rated 60 to 69, 
fair 70 to 79, good 80 to 89, and excellent 90 
to 100. The minimum rating for consumer ap
proval was 70. Each subsample was rated on 
its own merit. 

At the time of preparation for chemical 
analysis mango flesh from each subsample 
was removed for freezing to permit additiona\ 
analyses at a later date. Cubes of flesh were 
placed in polyethylene bags, sealed tightly 
with twisted wire fasteners, and frozen. The 
material was maintained at 0° to -10° F. until 
analyzed 8 to 10 months later. Chemical con
stituents were determined. by methods de
scribed by Soule and Harding ( 3) . Data re
corded on the samples preserved by freezing 
included starch, reducing sugars ( as glucose), 
sucrose ( as invert sugar), total sugars, total 
soluble solids, sugars-solids ratio, solids-acid 
ratio, and phenolic compounds ( as tannic 
acid per 100 grams of flesh) . 

RESULTS 

Values for the physical characters and chem
ical constituents of fresh Haden mangos dur
ing ripening at 80° F. are given in Table I. 
With some exceptions loss in weight occurred 
at a nearly constant rate over the 9 days of 
the test. Softening of the fruit, as measured 
by flesh firmness, was very rapid in the first 
3 days. The initial flesh firmness was 18 
pounds with a plunger of 3/16-inch diameter 
and on the third day was 7 pounds with a 
plunger of 7 /16-inch diameter. Subsequent 
softening was slow. Total soluble solids in
creased from an initial value of 7.3 to 14.5 
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percent on the fourth day and dropped slight
ly thereafter. Total acid decreased from 1.08 
t~ 0.10 percent during ripening. The solids
acid ratio · increased rather gradually during 
the first 3 days of ripening and then more 
rapidly to a peak value of 141-1 on the eighth 
day. Changes in acidity paralleled those of the 
solids-acid ratio. Ascorbic acid dropped rapid
ly in the first 4 days and remained nearly con
stant thereafter. Flavor measured as numeri
cal taste rating reached 70 on the third day of 
ripening, with peak quality attained on the 
sixth and seventh days. 

Values for the chemical constituents of 
samples preserved by freezing are given in 
Table 2. Conversion of starch was complete 
by the fifth day of ripening. Reducing sugars 
rose very gradually from 3.2 to 3.6 percent 
and then decreased to a minimum of 2.6 per
cent. Sucrose increased very rapidly from 1.4 
to 10.9 percent, with comparatively little 
change thereafter. Total sugars followed a 
trend similar to that of sucrose. Percentages of 
total soluble solids and total acid in the frozen 
material showed few marked differences from 
those in the fresh subsamples, The sugars-. 

solids ratio ( expressed as percentage of total 
soluble solids) varied from 0.57-1 to o:97-1, 
with the peak value on the fourth day of 
ripening. The solids-acid ratio increased stead
ily from 7-1 to 151-1. Phenolic compounds 
varied from 61 to 69 milligrams in the first 4 
days of ripening and from 32 to 56 milli
grams in the last 5 days. 

The values in Tables 1 and 2 show several 
well-marked trends. There were rapid changes 
in flesh firmness, total soluble solids, total 
acid, ascorbic acid, numerical flavor rating, 
starch, sucrose, and total sugars during the 
first 4 days of the 9-day ripening period. 
Many of these constituents, as well as reducing 
sugars, sugars-solids ratio, and phenolic com
pounds, had a more or less abrupt point of 
inflection on the fourth or the fifth day. This 
''.break" is of some interest as it occurs when 
the fruit has attained a flavor rating of good. 
Further changes in physical characters and 
chemical constituents occurred more slowly up 
to the time when peak flavor was reached .. 
Between the eighth and the ninth day the 
effects of senescence of the fruit were evident 
in many of the constituents. 

Table 1, Physical c_haractP.rs_ jd chemical constitu!:!nts of Haden mant::os on arriva.1 and after 1 to 9 days of 
ripening at 8QO F, 1- _ 

Original Loss Total Total Solids- Ascorbic acid Numerical 
Ripening weight in Flesh soluble acid (as acid Acidity per 100 grams :flavor 
2eriod o:f :fruit we~ht :Nrmness U., solids citric) ratio ~2Hl o:f :flesh ratin(l JI.. 

!!!I!. ~ Pct. !2!!!!!!! Pct. !£h ~ 

(cmtr~) 494 18 7,3 l,08 7-l J,2 53 

l 487 0,3 12 9,2 ,93 10-1 J.4 53 6o 

2 484 . l,2 8 10,9 • 77 .. 14-l J,4 42 69 

3 494 2.8 7 12,6 ,58 22-l 3,6 37 70 

4 492 J. 7 6 14.5 ,32 45-l 4,0 29 80 

5 477 4,3 5 14,4 ,21 69-l 4.3 25- 85 

6 481 5,1 5 14,o ,15 93-1 4,5 28 90 

7 459 5,9 4 14.o .12 116-1 4,6 27 92 

8 478 5,9 5 14,1 ,10 141-1 5,o 29 88 

9 469 7,5 J 13,6 ,11 124-1 4,6 24 88 

y Each value is an average :for 10 :fruit, 

y Pressure reading with 3/16-inch plunger was used en 0-to 2-day oamples an:! 7/16-inch on 3- to 9-day samples, 

11 Ratin&I 6o-69 unpalatable; 70-79 :fair; 8o-89 good; 90-100 excellent; mini.mum :for coMumer approval 70, 

w Picked June 17, 1955; tested upon arrival at Orlando, Fl.a,, June 20, 
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Table 2. Chemical constituents of Haden mangos ai atTival and after 1 to 9 days of ripening at 80° F. !/ 

Sucrose Total Total Sugars- Solids- Phenolic canpounds 
Ripening 

Reduc;"f 
in1gars as (as invert Total soluble acid (as solids acid ( as tannic acid) 

period Starch glucose) sugar) sugars solids citric) ratio ratio per 100 grams of !le sh 

~ ~ ~ Pct. Pct. ~ ~ !!I.:. 
( control) 6.0 3.2 1.4 4.6 7.5 1.07 0.61-1 7-1 59 

1 6.o 3.3 1.9 5.2 9.2 0.90 .57-1 10-1 69 

2 3.2 3.5 6.o 9.5 12.0 .68 .79-1 18-1 61 

3 2.8 3.6 8.1 n.7 13.2 .56 .88-1 24-1 65 

4 o.4 3.6 10.6 14.2 14.7 .32 .97-1 46-1 69 

5 0 3.0 10.9 13.9 14.4 .21 .86-1 69-1 3.5 

6 0 2.6 10.6 13.2 13.6 .19 .82-1 72-1 32 

7 0 2.6 10.6 13.2 13.6 .18 .91-1 76-1 32 

8 O 2.8 11.3 14.1 14.6 .10 .eo-1 lM-1 42 

9 0 3.1 10.1 13.2 13.6 .09 .83-1 151-1 56 

'J/ Results based m analyses made after storage at o0 to -10° F. for 8 to 10 months; each value is an average 

for 10 fruit. 

SUMMARY 

A sample of 100 hard, unripe, mature Ha
den mangos was divided into 10 subsamples. 
Analyses were made immediately on one sub
sample and the remainder were stored at 80 ° 
F. Daily withdrawals of one subsample were 
made thereafter for 9 days. Mango flesh was 
frozen at 0° to -10° F. at the time the fresh 
subsamples were analyzed. Rapid changes 
were noted during the first 3 or 4 days of 
ripening for flesh firmness, total soluble solids, 
total acid, ascorbic acid, numerical flavor rat
ing, starch, sucrose, and total sugars. Starch 
disappeared completely at the end of this· 
time. Many of these constituents, as well as 
reducing sugars, sugars-solids ratio, and phen
olic compounds, had a more or less abrupt 
point of inflection on the fourth or the fifth 

day. At this time the fruit had attained a 
flavor rating of good. Loss in weight, solids
acid ratio, and acidity (pH) showed compara
tively uniform trends over the 9-day period. 
Peak flavor of the fruit was obtained on the 
sixth and seventh days of ripening. Effects of 
senescence of the fruit were evident in most 
constituents between the eighth and the ninth 
days. 
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FURTHER ROOTING TRIALS OF 
BARBADOS CHERRY 

Roy 0. NELSON AND SEYMOUR GoLDWEBEH · 

University of Miami 

Division of Research and Industry 

Coral Gables 

Within the past ten years, considerable at
tention and research has been directed toward 
the development of a heretofore little-known 
fruit, generally spoken of as the West Indian 
cherry. Known botanically as both Malpighia 
glabra M. and Malpighia punicifolia L., it is 
more commonly called Barbados cherry in 
Florida, and "Acero la" in Puerto Rico ( 3). 
The fruit was found to have exceptionally high 
vitamin C content. ( 2, 4 & 5). 

The results of an investigation into the use 
of various concentrations of root inducing 
synthetic hormones in the rooting of Barbados 
cherry ( M. glabra) show that indolebutyric 
acid, in concentrations ranging from 2.5 to 
10.0 milligrams per milliliter dissolved in a 
solution of water and ethyl alcohol, using a 
quick dip method, gave definitely more uni
form and a higher percentage of rooting than 
untreated cuttings. 

Results of previous rooting trials, presented 
befor~ the Caribbean Section of the American 
Society for Horticultural Science, at Antigua, 
Guatemala, in April of 1956, (6) indicated 
that indolebutyric acid was superior to indolea
cetic acid in the rooting of the Barbados 
cherry. Concentrations from 0.1 to 2.5 mgs . 
per ml. were tested, and the higher concen
trations gave the best results. 

Vegetative means of propagating the Bar
bados cherry is best accomplished by the use 
of cuttings. ( 1, 3, 4 & 7). Very few clonal 
selections have been made to the present time, 
and very little experimental data is available 
as .to the most suitable selection. As more selec
tions are made available to the public, the use 
of cuttings will supersede seedling plantings. 
While seedlings vary considerably as to 
growth, vitamin C content and yield, they 
give rise to new varieties and provide a means 
to start initial plantings. Of 161 seedling trees 
tested for vitamin C content, the variation was 
from 1050 to 47 40 mgs. per 100 grams of 

puree. ( 7) · From these data it can be seen 
that perhaps fruit quality, vigorous growth, 
and high yield characteristics are of more im
portance in selecting clonal varieties, rather 
than judging them by only their extremely 
high vitamin C content. 

Procedure: Several seedling clones having 
outstanding growth · and yield characteristics 
and assaying not less than 120C mgs. of vita
min C per 100 grams of puree, were selected 
for these rooting trials. Terminal branches 
were used to make cuttings, varying from 
J~" to %" in diameter on the larger cuttings, 
with the length varying from 5" to 8". Cut
tings of smaller diameter varying from Jr' to ¼ ., 
were included in the trials. As many leaves as 
possible were left on the cutting's. The cut
tings were trimmed to size with a pruning 
shears, but just prior to dipping in the solu
tions, they were recut with a knife on the 
basal end. ( Considerable crushing occurs 
from the shears and rot develops in these 
damaged tissues.) 

Rooting Media: Two types of material were 
used: ( 1) Zeolite, a water softening by-prod
uct, which is spherical, smooth and of fairly 
large particle size. It is composed mainly of 
calcium carbonate. The main advantage of 
this material appears to be that the smooth
ness of the particles does not injure the fleshy 
tender roots of cuttings when removing them 
for potting. (2) Chicken grit, a crushed gran
ite product, worked very well, but its sharp
ness tended to injure roots when the cuttings 
were removed for potting. 

Treatment of Cuttings: A stock solution was 
prepared by dissolving indolebutyric acid . in 
a 50% ethyl alcohol-water solution. From this, 
dilutions by the addition of water were made 
for strengths of 2.5, 5.0, 10.0 mgs. per ml. 

The basal two inches of the cuttings were 
dipped for 5 seconds in the hormone solution 
and allowed to dry for a few minutes before 
placing them in the rooting media. The cut
tings were kept under approximately 50% 
shade in a slat-house, with water mist to sup
ply an atmosphere of suitable humidity. A 
timer was used to control interrupted periods 
of 24 seconds misting and 36 seconds "off" 
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period. This provided adequate moisture abot1t 
the cuttings to keep leaves and stems from 
dehydrating during the rooting period. Table 
I shows results of the treatments used on 3 of 
the 7 clones tested. These 3 clones were rooted 
in Zeolite medium. 

Discussion: It can be seen from Table I 
that the highest percentage of rooting on the 
larger cuttings was from the 2.5 mgs./ml. 
treatment. In comparison, the 5.0 treatment 
showed approximately a four percentage 
point decrease in rooting on the larger cut
tings, and less than a one percentage point in
crease on the smaller cuttings. Also, indications 
are that the stronger solution of 10.0 mgs./ml. 
may have damaged the smaller cuttings, as 
the percentage rooted here was approximately 
42% less than with the treatments of lower 
concentrations. The 2.5 concentration resulted 
in the highest per cent of rooting with ap
proximately two and one-half times more than 
that of the untreated cuttings. The number of 
roots and the length of the roots produced are 
considerably greater in the 5.0 and 10.0 con
_centrations. There is only a slight difference 
in the 10.0 mgs./ml. treatment on the larger 
cuttings as to average number of roots pro
duced, and approximately a four percentage 
point .increase in the average length of roots 

per cutting. Rowever, due to the lower per
centage of rooting in the 10.0 concentration 
and the obvious damage to the smaller cut
tings, 5.0 mgs./ml. is considered the optimum 
concentration. 

Recommendations: From the foregoing data 
and from visual observations made during 
these rooting trials, it is suggested that in
dolebutyric acid at a concentration of 5.0 
mgs./ml., by the quick dip method, may be 
safely used and will promote extensive root
ing on most clones of Barbados cherry. Many 
clones will vary considerably in ease and ex
tent of rooting and here the optimum concen
tration of growth substance to use will have to 
be determined. However, it is believed that 
the best concentration range for most varie
ties is between 2.5 and 10.0 mgs./ml., when 
using the quick dip method by the described 
procedures. In instances where cuttings are 
made with too small a diameter or from im
mature stems, damage may result from higher · 
concentrations. 

The size of cuttings recommended should 
be 5" to 8" in length and no smaller in di
ameter than ¼". This will produce a fairly 
large plant with an economical use of the 
available clonal plant material, which · is scarce 
when plant population is low. 

TABLE I. SID.iMARY OF ROOTING DATA ON 3 CLONES OF BARBADOS CHERRY CUTTINGS 
EXAHNED 74 DAYS AFTER TREATl11ENT. (Concentrations of indole-
butyric acid given in mgs./ml.) 

AVG. FOR 3 CLONE:> CONTROL 2.5 5.0 10.0 

LABGE* SULL* LARGE SHALL LARGE SMALL LARGE SMALL 

PER CENT Ii.OOTED 30.4 24.0 88.1 66.o 84.3 66.9 71.2 38.4 

AVG. NO. ROOTS 2.0 1.6 4.1 2.2 7.0 4.7 7.9 4.0 PER CUTTIID 

TOTAL AVG. LENGTH 3.7 1.7 16.0 7.1 . 24.3 15.6 26.1 13.8 hOOTS FEii. ClJ"TTING 

TOT.AL Im. OF 61 82 68 77 64 81 67 $2 CUTTINGS USED 

* "Large" and "Small" refers to dial!'eter size of cuttings. 
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Hooting media should be of a ·Jarge enough 
particle size to allow good aeration and drain
age, but not coarse enough to damage roots 
when the cuttings are to be removed for pot
ting. 

A water mist of either constant or inter
rupted misting should be provided to keep 
the cuttings from dehydrating. Interrupted 
fogging is .recommended to avoid the exces
sive use of water. The timing of misting peri
ods has to be determined for the particular 
temperature and shade conditions occurring 
in the cutting bed. 
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RESEARCH ON SUB-TROPICAL FRUITS AS A 
RESULT OF MEDITERRANEAN FRUIT FLY 

ERADICATION PROGRAM 

GEO. D. RUEHLE 

Sub-Tropical Experiment Station 

Homestead 

The Mediterranean fruit flv was found near 
Miami in April, 1956. At, first, indications 
were that the extent of the infestation in this 
second Florida visitation by this pest might 
be confined to a . fairly small area, and it was 
hoped that the fly could be eradicated quickly 
by an all-out full-scale attack. It soon became 
apparent that the fly had become distributed 
over a considerable portion of south Florida. 
When it was discovered in more than ·two 
dozen counties, it was feared that eradication 
might prove to be a long drawn out process 
or might even fail. 

Early in July, members of the Agricultural 
Experiment Station staff met with members 
of the State Plant Board and of the USDA 
Plant Pest Control Branch at Fort Lauderdale 
to formulate and develop an over-all research 
program pertaining to the Mediterranean fruit 
fly. The program that was developed does not 
include immediate research on the fruit fly 
itself, since this is impractical under an active 
eradication program. Proposed research was 
designed to provide answers to immediate 
problems arising in connection with growing, 
packaging, processing and selling of fruits, 

vegetables, and ornamentals, and to provide 
information which may be necessary if the 
eradication program should fail. Work is now 
underway on most of the program although 
lack of available funds and equipment has 
been . responsible for delay in starting some 
phases of the work. The proposed program as 
it pertains to sub-tropical fruits is as follows: 

\Vith avocados; residue studies for mala
thion and parathion from trees sprayed to 
meet quarantine regulations are being under
taken. It is proposed to determine such resi
dues on varieties with a range of oil content 
f!om low to high and to ascertain the tim·e 
interval needed between the last spray appli
cation and harvest to meet the tolerances for 
these pesticides established by the Pure Food 
and Drug Administration. There is nothing 
definite to report at present on this phase of 
the project. Samples of fruit are being gath
ered at the Sub-Tropical Station and these are 
to be sent to Gainesville for residue analysis. 

It is proposed to compare the sprays now 
recommended as the minimum requirement 
for certification of avocados with a greater 
number of sprays per season to determine 
possible phytotoxicity to the tree and the ef
fect on the population of other insect pests, 
and changes which may be necessary to con
trol such pests. This information will be 
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needed in case the eradication program fails 
to live up to expectations. 

Avocado fumigation studies are in progress. 
When the fruit fly eradication program started 
there was no recommended fumigation treat
ment for use on avocados. Tests in California 
indicated that the oil of this fruit absorbs 
ethylene dibromide in sufficient quantity to 
ruin the flavor of the fruit. There was the 
possibility that Florida avocados with their 
lower oil content could be fumigated satisfac
torily without adversely affecting quality, ap
pearance and flavor. Tests made to elate with 
avocados fumigated at the rate of 10 ounces 
EDB per 1000 cubic feet, have given variable 
results. Some lots withstood fumigation with
out undesirable effects; in others considerable 
breakdown in the form of blackened areas in 
the skin and pulp developed following fumi
gation. 

It is proposed to test dip treatments of 
ethylene dibromide emulsions to determine 
whether the avocado can withstand such 
treatment and if so, the effect of the treatment 
on flavor. Proprietary emulsions of EDB are 
not available at present so these tests will be 
made with emulsions made up in the labora
tory. 

On the avocado as well as on other tree 
fruits observations are being made to deter
mine what effect, if any, Med-fly sprays might 
have on populations of other insects. Thus far, 
there is little indication that the fly sprays 
have altered the situation greatly with other 
pests. Reduction of mosquitoes apparently 
followed community spraying with Med-fly 
sprays. This was noticeable several times dur
ing the summer at Homestead. Honeybees ap
parently have not been harmed by the fly 
sprays. Greenhouse thrips are less abundant 
this season on avocados than they were last 
year but definite proof is lacking that this is 
due to Med-fly spraying. Certain other insects 
are more abundant than they have been for 
several years, but it is not possible at this time 
to prove that these increases are due to fly 
sprays. 

On mangos, it is proposed to ascertain the 
effect of fumigation on keeping quality, ap
pearance and flavor of the fruit, and in addi
tion residue determinations are to be made. 
Since the crop was on the wane when this 

work was started, little has been accomplished 
to elate. Some fumigation tests have been made 
and samples have been sent to the Citrus Sta
tion for residue determinations. 

Residue determination and observations on 
the effect of fumigation on keeping quality 
and flavor of pineapples and papayas are also 
being made. There is little to report on fumi
gation work at present. Papaya fumigation has 
not been entirely successful since there has de
veloped considerable breakdown of the fruit 
in some lots. 

No work was started on lychees this year 
because the crop was already harvested before 
the program was set up; also no work will be 
undertaken immediately on guava fruit. In
stead, tests with herbicides have been started 
to find a method of killing wild guava trees or 
of defoliating them to the extent that they will 
produce no fruit for a time during which they 
will not serve as a host plant for Med-fly. 
Several materials have been tested and found 
to be effective for killing bearing guava trees 
but an entirely satisfactory treatment for wide 
scale use has not yet been found. Sodium ar
senite, a proprietary brush killer containing a 
mixture of 2-4-D and 2-4-5-T, and Ammate, 
when applied as foliage sprays have all killed 
guava trees. The Ammate treatment requires 
60 lbs. of the chemical in 100 gallons of water 
and the expense is almost prohibitive. The ar
senite treatment is cheap bl!t there is danger 
of poisoning the soil and of killing other de
sirable trees. In using the brush killer, there 
is the danger of the hormones drifting to and 
damaging other desirable plants. 

Additional herbicides are being tested as 
rapidly as possible and it is hoped that one 
will be found to possess the desirable qualities 
of effectiveness, cheapness and safety for wide 
scale use against the wild guava. 

A determination of the value of ethylene 
dibromicle emulsion dip for soil surface appli
cation and for treating nursery stock in con
tainers for immediate shipment is being made. 
A successful dip treatment would be valuable 
in reducing the 30-day waiting period neces
sary under the present quarantine regulations. 
The method of treating to date has been to 
immerse the soil in the container into the 
emulsion until air bubbles cease to be given 
off. Many species have been so treated with 
EDB emulsion used at the 1-15,000 rate. With 



LYNCH AND GOLDWEBER: AVOCADO FERTILIZATION 289 

the exception of ixoras, lantanas and one or 
two other minor ornamentals all the others 
have withstood the treatment with no appar
ent injury. This includes avocado and mango 
nurserv trees. 

Trapping in addition to that conducted by 
the State Plant Board was started early in 
September, as soon as traps and baits could 
be secured. If time permits, it is planned to 

determine the species, other than Med-fly, 
that are attracted bv the baits used on these 
traps. This type ot' information might prove 
quite valuable in the future. 

The program as outlined probably will be 
modified if it is necessary to continue it for 
a number of years. Certainly it will need modi
fication and expansion should the eradication 
program fail. 

SOME EFFECTS OF NITROGEN, PHOSPHOROUS 
AND POTASSIUM FERTILIZATION ON THE 
YIELD AND TREE GROWTH OF AVOCADOS 

S. JOHN LYKCH AND SEYMOUR GOLDWEBER 

Division of Research and Industry 

University of iUiami 

Coral Gables 

The avocado industry in Florida has ex
panded only slightly in acreage during the 
past three years. This decrease in rate of 
planting commercial avocado groves, parti
cularly in Dade County, has been due to the 
average to low returns received by the grower 
for his fruit, and to the tremendous increase 
in cost of good avocado land due to competi
tion' with home builders. The total production 
of fruit for Dade County should increase as 
the existing groves mature. Although some 
avocado acreage is being cut up into home
sites, about two-thirds of the trees remain in 
sub-divisions as yard trees. This is supple
mented each year by the planting of a great 
number of avocado trees in yards of new 
homesites on raw land. Hence, the population 
of avocado trees in Dade County will prob
ably show an actual slow increase each year. 

The nitrogen, phosphorus and potash levels 
in the fertilizers applied to these groves and 
yard trees ( amounting to 8,000 to 10,000 
acres) is still strongly influenced by recom
mendations made for citrus in central Florida 
and from observing the practices of successful 
avocado growers. In California, research work
ers are experiencing this same lack of docu
mented information as applied to fertilizers 
in the field ( 1) . 

A preliminary report on a long term ex
periment to study the effects of N, P, and K 
levels on four varieties of avocados planted 
in 1949 at the University of Miami Experi
mental Farm, was given before this Society in 
1954 ( 2). The methods and fertilizer treat
ments were described at that time and, the 
results of the. first crop year for the Lula 
variety were reported. Since 1954 the mag
nesium in the fertilizer has been increased to 
4% in every treatment. This second paper is a 
report on three full crop years with accom
panying data, excluding foliar analysis. Only 
the Lula variety will be discussed, except for 
cold damage and tree condition following the 
cold damage on all varieties. The varieties 
Booth #7, Booth #8, · and Waldin have 
yielded yearly data but as these varieties have 
a tendency toward alternate bearing, it was 
felt that either four or six crop years should 
be reported upon to give a fair picture of the 
effects_ of the major nutrient elements. 

Observations were made of cold damage 
resulting from freezing temperatures ex
perienced January 15, 1956. At the Experi
mental Farm weather station ( of standard 
United States Weather Bureau design and 
instruments) located about 300 feet from the 
avocado grove, a low of 27.7° F. was recorded 
for an hour or less about 7:00 A. M. on Jan
uary 15th. The temperature approximated 32° 
F. or below for 2 to 3 hours. Cold damage per 
plot was measured in digits of 1 to 10, with 1 
being 10% or less of leaves damaged, and 10 
representing 100% leaf damage on a three tree 
plot. 
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EXPEHIMENT AL RESULTS 

The data in Table I represents the cumula
tive growth per tree, yield per tree, and aver
age weight per fruit of Lula avocados. Tree 
condition and the relative tree size figures are 
given for the September 13, 1956, reading, 
as they are the most recent data. 

/l'ABLE I. ' EFFB)TS OF FERTILIZER TREAT!IENTS ON 
TREE GROWTH, TIELD, AND TREE CONDI
TION OF LULA AVOCADOS. 

1953 - 54 - 55 SEASO?S 9/13/56 

AVG. % AVG. WT. AVG. wr. TREE TREE 
TREAT- TRUNK FRUITS FRUIT COND SIZE 
MENTS AREA LBS/TREE LBS. 1-10 1-5 

GROWTH 

2-0-6 131 5.75 .75 5 3 
2-6-0 99 7.30 .75 4 2 
2-3-9 155 14.95 • 70 5 3 
2-6-6 86 7.92 .82 6 3 
2-9-3 202 5,08 .73 6 4 
2-9-9 185 3,42 .79 4 3 

4-0-4 189 76,93 .99 7 5 
4-9-0 403 45,04 1.0~ 8 4 
4-3-9 117 69.65 ,98 9 4 
4-9-3 329 57,83 1.07 8 4 
4-9-9 299 48.95 ,93 7 4 

6-0-3 372 62.74 1,05 9 5 
6-0-6 317 124,91 1,06 10 5 
6-3-0 487 60.05 1,01 9 5 
6-6-0 255 50.33 1.13 10 4 
6-3-9 406 130.20 1,17 10 5 
6-6-6 446 136,21 1,19 10 5 
6-9-3 581 71.80 1.04 9 5 

Increase of Trunk Area: The total increase 
for the past five years in transverse area of 
the trunk shows a direct relation between per
centage increase and the nitrogen level in 
the fertilizer treatment. At 2% N the increase 
averaged less than 150%; at 4% levels it aver
aged about 250%; and at the 6% level the in
crease averaged about 400%, when P and K 
levels were ignored. At any one nitrogen level, 
no consistent trends could be observed due to 
the gradual changing of . P or K levels, except 
that at the highest P level at each nitrogen 
level; the percentage increase of trunk area 
was the highest. This was not as definitely so 
in the 1953 data, when the trees were young
er. Also, at the 4% nitrogen level, when P was 
at its highest level; an increase of K resulted 
in a decrease in transverse trunk growth. This 

again was not in evidence in the previous re
port. 

Frnit Yields and Size: The level of nitrogen 
in the fertilizer mix has a direct effect upon 
the yield per tree. At_ 2% N level, regardless of 
the P and K levels, the yield per tree is so low 
as to be out of the realm of practicality. The 
average size of the individual fruit is three
quarters that of the fruit from the 4% nitrogen 
treatments. 

The yield at the 4% nitrogen level is about 8 
times that at the 2% N level, ignoring the in
fluence of P ::ind K. The influence of gradual
ly increasing levels of P and K at the 4% N 
level is not appreciable as yet in this experi
ment, but it is becoming evident that the low
est and highest levels of potash are not favor
able to the greatest yields and that when 
potash is kept at a . high level, increasing the 
phosphorus level tends to depress yields . 

With nitrogen at the 6% level, the yield is 
about 50% higher than at the 4% N level. In 
creasing the P levels and keeping K constant
ly low at the 6% N level seems to have very 
little effect upon the yield. However, when P 
is kept low and K is increased, there seems to 
be a large increase of yields in 6% K, over 0% 
or 3% K. But very little increase in yield re
sults from increasing the K level from 6% to 
9%. 

It is safe to assume, from the tables that in
creasing nitrogen from 2% to 6% in the fertili
zer treatments results in an increased fruit 
weight or size. It is doubtful whether the gain 
in fruit size between the 4% N level and the 
6% N level is economic, but with the Federal 
Avocado Marketing Agreement in effect it 
could mean earlier harvesting of fruit when 
the higher nitrogen level is employed. The 
fruit · produced at the 2% N level was of an 
undesirable size and quality. 

Tree Condition and Size : In full agree
ment with the 1953 results, the added readings 
of tree condition and size show a direct rela
tion to nitrogen levels. P and K levels at any 
of the N levels showed little or no influence 
on the Lula. Increase of nitrogen resulted in 
increased depth of green leaf color, heavier 
foliage, and larger tree size. After three more 
years of treatment, the other three varieties of 
avocados failed to show any influence from in
creased K levels as was observed in 1953. 
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Frost Damage: Table II shows the com
parative cold damage to the four varieties of 
avocados in the fertilizer test grove. The trees 
were planted in 1949 and the fertilizer tests 
began 19 months later. It is rather obvious 
that the trees under the higher levels of nitro
gen suffered less cold damage than those at 
the 4% N level and considerably less than the 
trees at the 2% N level, for all varieties e~cept 

TABLE II. EFFECTS OF FERTILIZER TREATMENrS . 

TREAT-
l.!ENTS 

2-0-6 
2-6-0 
2-3-9 
2-6-6 
2-9-3 
2-9-9 

4-0-9 
4-9-0 
4-3-9 
4-9-3 
4-9-9 

6-0-3 
6-0-6 
6-3-0 
6-6-0 
6-3-9 
6-6-6 
6-9-3 

ON RESISTANCE TO COLD DAI'.AGE AND 
TREE CONDITION AND SIZE OF LULA, 
BOOTH #7, BOOTH #8, AND WALDIN 
AVOCJJ)OS, 

AVG. T1lEl 
CONDITIOl 

FROST DAf.'JIGE 1-10 (1/15/56 ALL VARS. 

LULA BOOTH BOOTil WAL AVG 1/3/ 9/1 
#7 # 8 DIN 195E 1951 

4 5 5 7 5.3 5.5 4,8 
2 5 5 8 5.0 5,5 4,5 
2 7 7 6 5,5 5,5 4,5 
5 5 8 7 6,3 5.3 5.2 
3 3 6 8 5,0 6.8 6,5 
2 3 7 5 Z.,3 6,3 6,5 

2 4 5 3 3,5 7,3 7,3 
2 5 6 5 4,5 7.0 8,3 
3 4 7 4 4.4 6,5 8,0 
3 7 8 4 5,5 6,0 7.8 
2 4 8 4 4,4 6.8 7,5 

1 4 8 3 4.0 7.8 9,0 
1 2 4 4 3,8 8,3 9,3 
1 1 7 4 3,3 8.5 9,3 
l l 7 4 3.3 8,0 8,5 
2 3 8 2 3,8 7.5 8,3 
l 3 5 2 2.8 8.5 8.5 
l 3 8 3 3.8 7,5 9,3 

Booth #8. Booth #8 suffered heavy dam
age to foliage at all levels of N, but this can 
be explained in part by the low type of 
growth of this variety. Cold damage was 
heaviest up to 6 feet from the ground. Lula 
and Waldin trees had half or more of their 
leaf area above 6 feet. Booth #7 had about 
one-quarter to one-third of their leaf area 
above this level. Whereas, Booth #8 had 
from 0% to 10% of their leaf area above six 
feet. 

No consistent relation between P and K 
levels and resistance to cold could be ob
served on any of the varieties. However, this 

may become more accentuated as definite dee 
ficiencies in these two elements become more 
critical. 

The cold resistance of the varieties can be 
listed in a desending scale as Lula, Booth 
#7, Booth #8, and Waldin. Waldin, a 

· pure West Indian avocado, has in general 
been considered as more tender than the 
Guatemalan X West Indian hybrids, but these 
data would indicate that a vigorous Waldin 
tree with nitrogen at either 4% or 6% level is 
as hardy as, or maybe a little more hardy than, 
Booth #8. The table shows a distinct dif
ference between these two varieties but one 
must take into consideration the differences in 
growth habit or tree shape. 

Tree condition values were taken at the 
time when the frost damage was observed and 
again 8 months later. As has been observed be
fore, there is an improvement in tree condition 
as the nitrogen level increases in the fertilizer. 
Influences of levels of P and K in the fertilizer 
had· no consistent effect on tree condition. 
There was a general improvement in tree con
dition in September over the condition in 
January, except at the 2% N level, where there 
was an actual small decrease in many plots. 
The recovery from cold damage could be con
sidered excellent except in Booth #8, and 
to a lesser extent in the Waldins. The cold 
damage had little or no effect on · the subse
quent bloom. The crop is not completely har~ 
vested yet, so actual yields will not be meas
ured before spring. 

DISCUSSION 

The general trends of yield, tree condition, 
and growth which were observed after the 
first crop year in 1953 on the effect of N, P, 
and K levels have become more strongly evi
dent after two more crop years. Nitrogen is 
proving . to be the plant nutrient with the 
greatest influence on trunk area increase, 
yields, fruit size, tree condition, and general 
tree size. In fact, any one of these criteria 
could be used as a general reflection of the 
nitrogen influence on any of the other meas
m:ements. 

The authors expected by this time, the fifth 
year of this experiment, that trees receiving 
phosphorus and potash at the 0% and 3% levels 
not only would be showing obvious deficiency 
symptoms, but that the tree growth and 
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yields would be materially affected. A few 
minor influences have been noted. Perhaps 
there is residual P and K from the juvenile 
stage of the plant when P and K were applied 
in sufficient quantities to establish the new 
trees in the field, or there may be small quan
tities of each element made available to the' 
tree under sod culture and natural mulch in 
sufficient amounts to keep the influence of 
the lack of these two elements from becoming 
evident for several more years. 

Probably the extreme depressant effect of the 
2% N on size and crop has had a masking ef
fect on any influence which might come from 
the variations in P and K. As the experiment 
continues, these influences, especially the de
ficiencies, may become more apparent. Even 
though the influence of only five years of 
treatments are available for observation, the 
grower can draw some inferences from these 
data. Nitrogen in the mix should be at a high 
level, phosphorus at a moderately low level, 
and potash probably at a medium level. The 
ratios could be considered about 1-)f-l. This 
discussion has dealt almost entirely with the 
data on the Lula variety; however, the three 
other varieties under study, in the main, are 
in agreement with these figures. Booth #7 
showing some indication that nitrogen level 
probably can be 1 to rn units less than the 
three other varieties. Continued croppings may 
result in more uniformity with Lula and the 
'others. 

SUMMARY 

In this experiment the level of nitrogen in 
complete fertilizer mixes has a direct bene-

ficial influence on tree growth, yield of fruit, 
size of fruit, and tree condition of Lula avo
cados on oolitic soils of Dade County. 

The 2% nitrogen level is uneconomic in tree 
growth and crop yield with poor quality fruit 
at all levels of potash and phosphorus. 

Total yield of fruit at the 4% nitrogen level 
is not appreciably affected by variations of 
potash and phosphorus, but the trend is evi
dent that the lowest and highest levels of 
potash are not favorable to the greatest yields, 
and that when K is kept at a high level, in
creasing the P level tends to depress yields. 

At the 6% nitrogen level, when P is kept 
low and K is increased, there seems to be a 
large increase of yield at 6% K over 0% or 3% 
K, but very little increase results by increas
ing the K level to 9%. 

The cold resistance of the avocado varieties 
in descending order is Lula, Booth # 7, Booth 
#8, and Waldin. Trees of Lula, Booth #7 and 
vValdin, under 6% nitrogen levels, suffered 
less cold damage than those at 4% N level and 
considerably less than those at 2% N level. 
Booth #8 avocado trees suffered considerable 
cold damage at all levels of nitrogen, but this 
may be due in part to the low headed type 
of tree produced in Booth #8, as compared to 
the three other varieties. 
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A COMPARISON OF THREE CLONES OF 
BARBADOS CHERRY AND THE IMPOR

TANCE OF IMPROVED SELECTIONS 
FOR COMMERCIAL PLANTINGS 

R. BRUCE LEDIN 

Sub-Tropical Experiment Station 

Homestead 

The Barbados or West Indian cherry", 
grown as a dooryard plant in South and Cen
tral Florida for many years, is prized for its 
unusual cherry-like fruits. In some countries 
it is known as Acerola and Cereza. In recent 
years, this plant has received considerable at
tention after Asenjo and Guzman in Puerto 
Rico (4) and Mustard in Florida (12) dis
covered and confirmed the extremely high 
vitamin C content of the fruit . A number of 
publications in both Puerto Rico and Florida 
have described the plant, its culture, propa
gation, uses and vitamin C content ( 1, 2, 3, 5, 
6, 7, 9, 10, 11, 13, 14, 16, 17). 

Barbados cherry grown from seed shows 
considerable variation in growth habit, flow
ering and fruiting, fruit size, quality and flav
or, vitamin C content and yields. Therefore, 
in order to establish desirable clones, it is 
necessary to select seedlings which have su
perior qualities. Plants selected for vegetative 
propagation should: 

1. Produce heavy yields that increase every 
year. 

2. Yield large fruit with large amounts of 
juice. 

3. Bear fruit with relatively thick skin and 
firm flesh to aid in reducing bruising and me
chanical injury during ha1;Yests . 

4. Bear fruit with a desirable flavor, either 
tart or sweet, depending on personal prefer
ence and use. For eating out-or-hand, a sweet 
fruit is usually most popular. For processing, 
tart varieties may be preferred. For general 
purposes, the semi-sweet seems satisfactory. 

*Taxonomic studies are being m ade to determine 
whether the correct scientific- name is Malpighia 
punicifolia L. or Malpighia glabra L. 

Florida Agricultural Experiment Station Journal 
Series No. 5 3 8. 

5. Grow erect and open rather than 
spreading and thick. 

6. Be easily propagated from cuttings. 

Plants that bear fruit with high vitamin C 
content are most desirable. But because most 
seedlings will produce fruit with more vitamin 
C than other fruits, this may not be so im
portant. Any fruit that yields more than 1,000 
mg. of ascorbic acid per 100 grams of juice 
would be satisfactory. However, if the vitamin 
C were to be extracted or used to enrich other 
fruit juices, those clones bearing fruit with 
most vitamin C would be preferred. Sweetness 
in the Barbados cherry is not correlated with 
ascorbic acid content. The acidity may be re
lated to the malic acid because the sweet 
selection lacks malic acid but it is present in 
the tart varieties ( 15, 18). 

Considerable work on variety selection has 
been done in Puerto Rico where a number of 
clones have been tested for several years. One 
variety, Bl 7, described in 1954 ( 1), has been 
most outstanding. However, according to 
Arostegui and Pennock ( 2), this clone, as 
well as others, apparently has not been suf
ficiently tested in the field to recommend as 
a replacement for seedlings in commercial 
plantings. 

The Sub-Tropical Experiment Station has 
been interested in the Barbados cherry for 
many years as a fruit plant for Florida. During 
the 1930's, a number of plants were grown in 
the tropical fruit collection here and many 
seedlings were distributed for trial in Florida. 
In view of the recent commercial interest in 
this fruit, emphasis has been placed on selec
tions of clones which show the characteristics 
described above. Three desirable clones were 
selected for field testing. One produced a 
semi-sweet fruit. The others bear tart fruits. 
Ten plants of each of these selections were 
planted in . the field in 1949. Records on 
growth and yields have been kept since 1952. 
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One of the tart varieties was designated as 
SES 1000. The original plant was located on 
the Page homestead in the Redlands area of 
Dade County. Cuttings were made in 1936 
and one plant was set in the field. It grew 
well, produced large, pale red fruits which 
were juicy, tart and good-flavored. In 1947, 
SES 1000 was selected as a tart variety to be 
field-tested. Ten rooted cuttings were set out 
in 1949. The skin of the fruit is extremely thin 
-much thinner than fruit from other clones. 
Bruising, therefore, is a problem. The flowers 
are unusual; that is, they are almost pure 
white. The plants, somewhat dwarf, have 
thick heads, with spreading branches that tend 
to break when the fruit set is heavy. Yields 
have been consistently lower than other selec
tions. The ascorbic acid content of a sample 
of juice was 1,050 mg. per 100 grams of 
juice. Because of the low yields, low ascorbic 
acid content, thin skin, and undesirable 
growth habits, this selection is not recom
mended for field planting, 

The other tart variety grew at the home of 
Mr. S. Younghans of Miami. Cuttings were 
made in 1947 and 10 plants were set in the 
test block in 1949. The plants are bushy, 
spreading, and have numerous thick branches 
that form a dense head. The leaves are uni
formly small and the flowers, rosy red. The 
dark-red fruit tastes tart but is pleasant. The 
ascorbic acid content of a sample of juice was 
1,900 mg. per 100 grams of puice. The plants 
bear heavily from May to October and No
vember, which is much later than the other 
selections. Yields have been satisfactory, but 
not as high as the sweet variety. The main 
fault of this selection is its marked tendency 
to produce small fruit, even when treated the 
same as the other clones. Quite often, fruit of 
an entire harvest will average one-half inch or 

· 1ess in diameter. Because of this trait and the 
poor habit of growth, this clone is not desir
able. 

The third selection was designated as the 
"sweet" variety. In 1940, 200 seeds from a 
plant at the Sub-Tropical Experiment Station 
were planted. Twenty-five germinated and 9 
plants were set in the field in 1942. The rest 
were distributed, some to the Dade County 
Nursery. One of the plants grown at this 
Nursery produced much sweeter fruit than any 
grown in Florida so far. Three cuttings ob-

tained from this plant were set in the field at 
the Sub-Tropical Experiment Station in 1947. 
The next year these plants were killed by a 
flood but not before 16 cuttings were obtained. 
In 1949, 10 of these rooted cuttings were 
planted in the test block. 

The sweet variety is best in vigor, habit of 
growth, cold tolerance, ease of propagation, 
yields, size of fruit , high juice content, flavor, 
skin thickness, and resistance to stink bugs. It 
also has a satisfactory ascorbic acid content. 
"Florida Sweet Barbados cherry" is proposed 
as a name for this selection. 

D ESCHIPTION 

The Florida Sweet Barbados cherry grows 
upright and produces branches which grad
ually spread, forming an erect and open bush 
(Fig. 1). At six years of age plants are about 
eight feet in height. This variety is more 
vigorous and faster growing than the other 
clones on test. The branches are thick and 
woody and have conspicuous, raised, white 
lenticels. 

Fig, 1. Florida Sweet Barbados cherry 6 years in 
the field. Notice the chara'cteristic upright and open 
type of growth. 

The leaves are opposite and simple, and 
when young are clothed with white, silky, ap
pressed, two-branched hairs. Typical of the 
species, these hairs are somewhat irritating 
and rub off easily on contact. The herbaceous 
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stems also have these hairs. As the leaves and 
stems mature, they become glabrous . Branch
ing is characteristically opposite or 4-ranked, 
especially noticeable on the new growth . The 
leaves and manner of branching are of two 
types, which seems to be characteristic of 
most large-fruited forms of Barbados cherry 
(Fig . 2 ). These are: 1 ) New terminal growth 

r~1 I 
l 

I 
2 

l 
3 

I 
4 

I 
5 

1 
6 

Fig. 2. Florid a Sweet B arbados cherry. Notice th e 
large fruit and the contrast between the la rge leaves 
on th e terminal branch (left ) and th e small leaves 
on th e short la teral s hoot ( right ) . Both are born e 
on th e sam e pl an t . 

6 inches to 2 feet or more in length with Jong 
internodes . The leaves on this growth are 
quite large, ovate to ovate-elliptical and with 
a short, acute, rnucronate apex. 2) Short 
shoots or lateral spurs with very short inter
nodes and usually ending in a blunt spur. 
These shoots develop from the axils of the 
lower leaves on the new termina l growth, as 
well as on mature wood. The leaves on the 
short shoots are mostly elliptica l or obov::ite
elliptical and usually have an obtuse or 
notched, mucronate apex. L ater in the season, 
or in the following years, termina ls may rise 
from the lower nodes and terminal buds of 
these short shoots. 

Inflorescences are also of two types ( Fig 
2 ) . Those produced in the axils of the lower 
leaves of the terminal growth are definitelv 
stalked and with 2 to 4 flowers. The inflores
cences on the short spinescent, lateral shoots 
are invariably sessile with 1 to 6 flowers. The 
flowers, up · to an inch across, are a bright 
rosy-pink in color, but fad e with age. 

The fruit (Fig. 2) is depressed-globular, a 
little wider than long, shallowly 3-lobed, and 
a bright-to dark-red in color. The diameter 
averages one inch but fruit often grows to 
rn inches, and the weight is one-half ounce 
or slightly more. The fruit has a thicker skin 
than some of the other selections. It also ap
p ears to be less susceptible to stink bug a t
Lacks. The ascorbic acid content varied from 
1,500 to 2,000 mg. per 100 grams of juice, 
averaging 1,700 ( 18 ) . The fruits are so juicy 
that with normal pressure two-thfrds of the.ir 
weight can be extracted as liquid. The juice 
is an a ttractive reel color with a semi -sweet, 
but agreeable taste. This selection is called 
"sweet" because, when eaten out-of-hand , it 
lacks the characleristic tartness of most Bar
bados cherrie . 

With proper cultivation , fertilizing, and 
wa tering during dry periods ( 7) , the fruit 
develops to maximum size. Flowering begins 
in April or May, depending on the weather 
conditions. Fruits wilJ mature within a few 
weeks. H eavy crops continue to be produced, 
off and on, throughout May, June and July, 
but crops in August to October or November 
are generally lighter. 

The Florida Sweet has out-produced the 
other selection in every year that yield records 
have been kept. Comparison of the yields of 
the Sweet with the other clones from 1952 
through 1955 are given in Table 1. 

Estimates were made for the yields per 
acre of the F lorida Sweet Barbados cherry 
planted 12 by 12 feet apart, or 300 plants 
per acre. These figmes are given in Table 2. 

In 1955, an average of 69 pounds of fruit 
per plant were produced. This wo uld amount 
to over 20,000 pounds of fruit p er acre. The 
harves t el ates and the number of pounds of 
fruit harves ted from ten plan ts in 1955 are' 
given in Table 3 . 
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Table 1. 

Year 

1952 
1953 
1954 
1955 

FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

I 
Average yields per plant of the thrre' clones of Barbados cherry. 

I 

Sweet SES 100b Younghans 
(lbs) (lbs) I (lbs) 

19 8 18 
10 3 9 
21 2 11 
69 28 37 

i 
Table 2. Yields of the Florida Sweet Barbados ;cherry from 1952 to 1956. 

Age 
in field 

3 
4 
5 
6 
7 

Year 

1952 
1953 
1954 
1955 
1956 

I 

Average ·1 

per plant 
(lbs.) I 

19 
10 
21 
69 

131 

Yield per acre 
( 300 plants) 

, lbs. 

5,700 
3,000 
6,300 

20,700 
39,300 

i 
Te.ble 3. Yields of the Florida. Sweet Barbados cherry from 10 plants 

6 years in the field. 

Yield I Yield 
Date in pounds D~te in pounds 

i 

5/4 .25 8~15 7.45 
5/7 2.00 8/(JO 1.50 
5/10 3.50 9/6 24.oo 
5/13 2.00 9/9 31.00 
5/16 19 • .50 9/17 23.25 
5/20 48.25 9/,24 12.75 
5/23 54.50 9/26 6.75 
5/21 28.50 10/3 1.90 
6/2 24.75 10/10 26.75 
6/7 4.75 10/14 8.40 
6/14 11.00 11/14 2:30 
6/22 131.50 
7/1 138.50 I 

7/25 69.25 TOTAL 684.55 
--- - - -===========--===========i=============== 
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The Florida Sweet Barbados cherry seems 
to be hardier than the other clones. It was not 
injured when the temperature fell below 33 ° 
F. for 8 hours on January 15, 1956, yet some 
defoliation and twig burn occurred in the 
other selections, especially on branches near 
the ground. The Florida Sweet also can be 
propagated more readily from cuttings. Al
though slow in rooting, cuttings of the Sweet 
selection consistently root better than the 
other clones. 

A number of new selections are being 
tested in the field. These include tart selec
tions originating at the Experiment Station 
and Puerto Rico. Also, a number of seedlings 
planted out in 1954 are under observation. 

Summary. The Barbados cherry shows con
siderable variation when grown from seed. 
The desired characters to be looked for in 
selecting seedlings for clonal propagation are 
outlined. Of the three clones of Barbados 
cherry under field observation since 1949 at 
the Sub-Tropical Experiment Station, the 
semi-sweet clone has been most outstanding 
and it is considered superior in many respects. 
It is proposed to name this selection the 
"Florida Sweet Barbados cherry." 
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The activities of. the Rare Fruit Council of 
South Florida were introduced to the Krome 
Memorial Section on November 2, 1955, when 
a paper entitled, "The Rare Fruit Council, A 
Tropical Fruit Study Group," was delivered at 
the annual meeting of the Florida State Horti- · 
cultural Society in Clearwater, Florida. On 

that occasion Dr. Bruce Ledin, Kendal and 
Julia F. Morton and William Whitman, mem
bers of the Rare Fruit Council, attended the 
meeting as a group. Mr. Whitman delivered 
the paper cited, Dr. Ledin presented "Rubus 
Trials in South Florida" and Julia Morton, 
"The Emblic ( Phyllanthus emblica L.), A 
Rich But Neglected Source of Vitamin C." 

The first meeting of the Council following 
the Clearwater convention was held Friday 
evening, November 11, 1955, in the Botany 
Building of the University of Miami. A Flori
da-grown fruit of the Indonesian "seedless" 
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guava ( Psidium gua;ava), sampled at a pre
vious meeting of the Rare Fruit Council, had 
aroused considerable interest. Kendal Morton 
brought out the fact that the seedless guava 
was propagated vegetatively in the Far East as 
far back as 1905, and it seems odd that it is 
only now, a half-century later, being intro
duced to, and receiving the attention of, 
American experimenters. The Saharanpur 
Seedless guava is described in literature as of 
excellent quality, nearly or totally seedless, 
and firm when ripe. There are doubtless, in 
foreign countries, many other highly improved 
fruits of which we at present have little or no 
knowledge. 

Seymour Younghans brought seedless mabo
los ( Diospyros discolor) from two different 
trees. Although of separate origin, the fruits 
were very similar and of fair quality. The one 
from the Bell tree had only a slight cheese
like taste. Christman's fruit appeared the less 
dry of the two. A breadfmit (Artocarpus al
tills ) grown in Bal Harbour, Florida, was pre
sented by William Whitman, his tree having 
fruited for the first time in 1954. Prior to 
this, a breadfruit tree planted by Duffield 
Matson bore on Key Biscayne. 

. Stanley Kiem, Superintendent of Fairchild 
Tropical Garden, brought some lovi-lovi fruits 
( Flacourtia inermis), which were attractive 
but quite sour. Following this, Whitman 
showed a colored documentary sound film on 
native life in French Oceania, photographed 
by him during a year he spent · there and 
elsewhere in the South Sea Islands. 

At the January meeting, the field of tropical 
pomology that should be encompassed by this 
group was discussed. It was decided that com
mercial fruits such a.s avocados, citrus, mangos, 
etc., should be omitted since other groups are 
already specializing in these fields. The dis
covery or introduction of a fruit of obvious 
merit, in this commercial category, would con
stitute an exception to this rule. 

Fruits on display for the evening were 
some of Mr. Younghans' fine jaboticabas 
( M yrciaria cauliflora), also some genipaps 
( Genipa americana) and courbarils (Hy
menaea courbaril), both of the latter received 
from Puerto Rico by Julia Morton. Also shown 
was a large bunch of Hawaiian Popoulu ba
nanas grown by Mr. Mauro. The evening's ac
tivities were concluded with the showing of 

colored slides of fruits photographed in Hawaii 
by Mr. Whitman. 

The question of establishing Council mem
bership dues came up at the February meeting 
and they were set at $4.00 annually beginning 
with January 1, 1956. At the same time, Dr. 
Francis Lincoln, of the Sub-Tropical Experi
ment Station, was elected Treasurer by 
unanimous vote. 

At the March meeting, the fruits presented 
included a very large and fine canistel (Pou
teria campechiana, formerly Lucuma nervosa) 
and an out-of-season sugar apple (Annona 
squamosa). 

At our April meeting, Seymour Goldweber, 
· recently returned from El Salvador and Guate
mala where he attended the meeting of the 
Tropical Section of the American Society for 
Horticultural Science, gave a most interesting 
report. He told of the many efforts made to 
improve the agricultural economy of Central 
America. Experimental plantings of oil-pro
ducing trees, tea plantations, sugar and cacao 

·were being stressed and, on the higher eleva
tions, temperate zone fruits. Interesting ob
servations were made on both the fruit and 
the edible tuber of the chayote (Sechium 
edule) and the popular drink made from the 
passion fruit ( Passiflora edulis). 

Mr. Harsono, Direcfor of Food Technology 
of the Bureau of Horticulture at Djakarta, Mr. 
Arif, from the Industiial Department, Minis
try of Economics, at Sumatra, and Mr. Jo Jan 
Lim, Head of the Perennial Crop Division of 
the General Agricultural Research Station at 
Bogar, who had recently visited the Morton 
Collectanea at the University of Miami, were 
later entertained by William Whitman. He 
reported that he took this opportunity to show 
them the "Seedless" guava, which he had im
ported from Indonesia nearly two years ago. 
Mr. Harsono stated that in his country this is 
called "Djambre sukun" and that he personal
ly had supervised the packing and shipping 
of this valuable fruit tree to Mr. Whitman. 
Another seedless Indonesian fruit discussed 
was a superior variety of durian ( Durio zibe
thinus) which sells at a high price in the na
tive · markets. 

During this discussion of the fruits of the 
Far East, it . was learned that Mr. Harsono, 
who worked with Dr. J. J. Ochse on "Fruits 

· and Fruit Culture in the Dutch East Indies," 
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published in 1931, ha · r cently brought out a 
book of his own entitl ed, "Buah Buahan Kita." 
This book on the fruits of Indonesia, complete 
with color illush·ations by native artists, brings 
up to date the results of research done on 
these trees in the Far East. "Buah Buahan 
Kita" is presently being translated into Englsh 
through the cooperation of the Embassv of 
Indonesia in \Vashington , D.C. · 

Two new fruits appeared at this m eting of 
the Rare Fruit Council. Whitman displayed 
an exceptionally large 1lalay apple (Sy::ygium 
malaccensis) taken from his tree in Bal Har
bour, the exquisite scarl et blooms of which 
had been displayed at the February meeting. 
The fruit, which weighed 9 ounces, is be
lieved to be the first to be grown on Florida's 
lower East Coast. ifrs . Morton brought a 
fruit of the cassabanana (Sicana odorifera ) . 
This is a beautiful reel melon-like fruit , shaped 
like the fruit of the sausag tree ( Kigelia pin
nata ). The fl esh, yellow in color with a musky 
fl avor, is eaten both fresh and preserved. It 
is supposed to have a medicinal value and in 
the West Indies is also prized for the de
lightful fragrance it imparts to a home. It is 
borne by a stout, high-climbing vine. 

During the May meeting, the serious prob
lems occasioned by th prese11 cc of the Medi
ten-anean fruit fly in South F lorida were dis
cussed. Reference was made to Hawaii where 
the Mediterranean, Oriental and Melon fruit 
flies had made it n cessary to bag fruit to 
prevent infestation. Dr. Lincoln brought a 
basket of canistels and ?.[r. and ~Irs. Arthur 
Hill contributed a bottle of rum with which a 
canistel, or "eggfruit ," nog was prepared. This 
rather unusual drink was most pleasing and is 
probably the only way some people can be 
induced to partake of thi s fruit! Julia t[orlon 
then spoke of Mrs. Phyllis Slorey's can istel 
pie, with its fine flavor and high vitamin A 
content. 

Dr. Bruce Ledin gave a brief talk on Passi
flora species, displaying specimens of the pur
ple passion fruit (Pas iflora edulis ) and stat
ing they had a good ~rop at the Sub-Tropica l 
Experiment Station. Th members were im
pressed by the fine qua]jty of the sampled 
fruits. vVhitman related that passion fruit 
growing in Hawaii was becoming an impor
tant industry, the jui ·e being used for drinks, 
pies, ice cream, etc. 

Robert Read told of a superior karancla 
( Carissa carandas) being propagated by him, 
and Olga Kent stated that David Sturrock 
had been experimenting with fruit sirup made 
from karanclas. Additional fruits di scussed and 
displ ayed were: the jaboticaba, the b ilimbi 
(Averrhoa bilimbi ), the wampi (Cla11sena 
/.ansium) , and a fruit cluster or the Arrica n 
oil palm (Elaeis g11i11ee11 sis). 

At the Jun m eting, the Council wns 
privileged to have with them .'.\ Ir. Chili-Foo 
Yang, Director of the Chiayi Experiment Sla
tion, Chiayi, Taiwan , Formosa. T he climate oF 
Formosa, from a temperature standpoint, very 
clos ly approximates that of South Florida 
and we, accordingly, felt that we had much 
to gain from Mr. Yang's experi ences in the 
growing of the more cold-intol erant tropical 
fruits. Mr. Yang spoke of tbe night temp ra
ture at the Chiayi Experiment Station oc
ca iona lly fa lling to 30 degrees Fahrenheit 
for several hour during the wint r cold fronts 
that weep clown oH the Asiatic mainland. Al
though of short duration , there had been in
stances of breadfruit and durian trees being 
killed to the ground. These two trees, which 
he considered the least cold-res i tant at the 

Introduced from Hawa ii . thi s s train of dwarf Cav
en di s h b a nana ( Musa nana) produces two or mo1·c 
fruiting s t ~ms from a s ingl e s talk. 

Photo by Wm . Whitman 
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Station, usually recovered by sending up new 
shoots from theix roots . Mangosteens ( Gar
cinia mangostana ), though generally regarded 
as extremely h·opical, were apparently not 
seriously injured by this degree of cold. 

In addition to infrequent cold speJJs , Mr. 
Yang stated that Formosa experiences periodic 
typhoons, similar to our b·opical hurricanes, 
which make it difficult to find trees ot any 
great height over much of the island. The 
longan (E uphoria longana ), a commercial 
crop, is not consumed fresh in large quantities 
like the lychee ( Litchi chinensis) but is pop
ular when dried. The longan is occasiona!ly 
used as a root-stock for the lychee where the 
latter would not normally · survive due to 
either unsuitable soil or a flu ctuating water 
table. The related rambutan (Nephelium lap-

pace um ), whi le not widely distributed , bears 
profusely on F ormosa . 

Mr. Yang is the author of an interesting 
book, "Manual of Fruit Trees in Taiwan," 
published in 1951 and profusely illustrated 
with drawings and photographs of each fruit 
covered . H owever, don't send to Formosa too 
hastily for Mr. Yang's manual unless you are 
prepared to read its two hundred and seventy
fi ve pages in Chinese! The meeting concluded 
with sampling of fresh lychees brought by Mr. 
and Mrs. Arthur Hill from their grove in Vero 
Beach and a viewing of colored slides of some 
of their exceptionally larg lychee b·ees. 

At tl1e July meeting, with 26 members and 
guests present, President ~ Thitrnan stressed 
the importance of sending reprints of our 1955 
report to fruitculturists in b·opical areas, in -

The pa11iala (Flacourtia ca taphracta) . Thi s h eavily fruiting brar.ch was taken from Prof. E . E. Lord's tree 
in Fort Myers. Photo by Kc 11 dal and Julia Morton 



WHITMAN, ET AL: RARE FRUIT COUNCIL 301 

formin g them of the Council 's activities in the 
fi eld of tropical pomologv. Copies of tlie 
paper mailed to correspondents in Hawaii had 
brought enthusias tic responses. 

Breadfruit tree ( Artocarpu s altilis) a t Bal Har
bour, Miami B each , after ex tensive cold damage, 
January, 1956 . Seve ra l 2 1 to 4 1 man gos t eens (Garcinia 
m ango s tan a) in pots beneath thi s t ree w e re uninjured . 

Photo by Wm. Whitma.n 

Mr. and Mrs. Robert ewcomb brought to 
the meeting ripe fruits of the Bombay Green 
mango, a favorite "freestone" variety in Ja
maica . These fruits were from one of several 
grafted p lan ts of this variety inh·oduced by 
Julia Morton from Jamaica and distributed to 
experimenters in this area. The Newcomb
grown tree is the first of these to bear in this 
country and the Newcombs are propagating 
from it. 

Mrs. Morton demonstra ted how the Bom
bay Green is prepared for ea ting in Jamaica. 
A cut was made completely around the equa
tor of the fruit, and through to the seed. Then, 
usin g a slight twisting motion , the two mango 
halves were separated and the seed which 
remained protruding from one of the halves 
was then freed with the knife. This method, 
which prepares mango halves for the table in 
a ttractive form and with the least possible 
waste, is successful only with such relatively 
fi berless varieties. 

A box of ma ngo cheese from Jamaica was 
also presented b~, Mrs. Morton and sampled 
and enjoyed by the group. Mr. and Mrs. Ros
coe Glenn exhibited and served slices of frozen 
sapoclilla ( Achras zapota ), showing that this 
fruit can b e frozen whole and still retain its 
palatability . 

During the August meeting, Douglas Knapp, 
Assistant D ade County Agricultural Agent, 
gave a timely and detailed talk on the Medi
terranean fruit fly spraying program. Mr. 
Newcomb reported some sprar damage to fo
liage in his nmsery and the Hills stated that 
their crop of lychees had to be marketed local
ly due to the fruit fly quarantine. Kendal 
~forton reported on the recent visit of W. B. 
Hayes, H orticulturist of the AlJahabad Agri
cu ltural Institute, Allahabad, India, and au
thor of "Fruit Growing in India ," now in its 
second edition with a third edition in work . 
Much horticultmal data was exchanged dur
ing the grea ter part of two clays which Mr. 
H ayes spent w ith the Mortons and at the 
University of Iviiami . Dr. Ledin also spoke of 
Mr. Hayes' visiting the Sub-Tropical Experi
ment Station of the University of Florida . 

The same breadfruit tree, seven months later, 
s howing degree of re cove ry . 

Photo by Wm . Whitm an 

A large jackfruit ( A rtocarpus integrifolia ) 
from Mrs. David Fairchild's tree was brought 
in and cut and served to the group by the 
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Mortons. The jackfruit, native to India, was 
introduced in 1783 into Jamaica where it ' is 
now common, and from there has spread over 
much of tropical America. Mrs. Fairchild's is 
one of eight trees known to be frui ting here 
in Dade County, Florida. 

Mr. and Mrs. Robert Newcomb brought 
colorful frozen purees made from the mamey 
( Mamm ea am ericana) , Barbados cherry 
( Malpighia glnbra) and the carissa ( Carissa 
grandiflora.). These delicious tropical fruit 
preparations, which would appeal to the most 
critical gourmet, should do much to enhance 
the popularity and use of these three fruits . 

Two members of the Rare Fruit Council es
tablished a precedent, at this August meeting, 
by bringing fruit trees for distribution to those 
present. The plants offered were the SES No. 
4 loquat ( Eriobotrya ;aporl'ica), the Malay 
apple, the round and aromatic Itarnaraca 
mango and several varieties of gra fted avoca
dos (Persea am ericana). 

At the September meeting, a general dis
cussion of the cold resistance of tropical fruit 
trees took place. Stanley Kiem said he be
lieved that the two sixteen-foot mangosteen 
b'ees on the Montgomery Estate, located just 
south of Fairchild Tropical Garden, had sur
vived light frost without apparent damage. 

\Vhitman presented ripe Missouri-grown 
papaws ( Asimina triloba ). This temperate
zone fruit, which is related to our tropical 
Annonas, has a distinctive and pleasing flavor. 
Grafts of this species on the pond apple (An
nona glabra) have taken. It remains to be 
seen whether they are sufficiently compatible 
for successful growth. 

Mr. and Mrs. Newcomb again provided 
interesting refreshment in the form of frozen 
fruit purees, one of which, made from the 
native p ersimmon ( Diospyros virginiana ) was 
rated as l1 aving particular " taste appeal." Dr. 
Lincoln brought a striking and exceptionally 
large sugar apple which was found to weigh 

The cassahan ana (Sicana odorifera), seeds of which were brought by Julia 1\-lorton from Puerto Rico in 
1951. Treated as a nnuals, the vines have produced their spectacular fruits here each winter since 1953, 
dying back each spring. Photo by K e ndal a nd Julia Morton 
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l lb. 6 oz. This fruit was sampled and de
clared to be of excellent flavor, and the b"ce, 
which bore a number of fruits of the same size 
and quauty, is presently being propagated by 
grafting. 

At our most recent meeting, .in October, 
we were fortunate in having with us i\Ir. E d
gar Rihm, who teaches Plant Physiology at 
the University of Santiago, Santiago, Chile. 
Mr. Rihrn spoke of the climate of Chile as be
ing either too dry at sea leve l or too co ld in 
the mountains for most tropical fruits , al
though papayas and guavas are grown in the 
warmer areas. The sub-tropi ca l cherimoya is 
prized but not a t all common in Chi le. 

A fruit of the Bettina Dwarf papaya, a 
typically pumpkin-shaped, low-growing varie
ty, was brought in by Dr. Linco ln. This fruit 
was of excellent q uality and one of the first 
papayas to ripen from the seeds of this com
m ercial strain introduced a year ago from 
Queensland, Australia, by i\Irs. .Morton and 
distributed here, in the Bahamas and in Puer
to Rico. 

Plant Introductions-Durin g the past year, 
pomological material has been exchanged by 
members of the Rare Fruit Council with 
horticulturists in Indonesia, Thailand, the 
Philippines, H awaii and Cuba. As each inh·o
duction comes into bearing, the Rare Fruit 
Council will report on the q uality of the 
frui t and the characteristics and requirements 
of the plant. 

Thi s large Malay apple ( Syz ygium malaccensis), 
from the Whitm a n tree a t Bal Harbour, is believed 
to be the firs t grown on Florida's lower East Coast. 

Photo by Wm. Whitman 

This paper has only highlighted the varied 
activities of the Rare Fruit Council. The keen 
interest shown by the members ha'S con
h·ibuted greatly toward a successful year . The 
opportunities for progress in our field of in
terest are unlimited. Vve hope to continue in 
om endeavor to make worthwhil e contribu
tions to tropical fruit culture. 

SOME NOTES ON A WEEVIL ATTACKING 
MAHOGANY TREES 

F . CHAY BuTCHEH AND SEYMOUH GoLnWEBEH 

D ivision of Research a.nd Industry 

University of Miami 

Coral Gables 

Early in 1954 an injury on certain mahogany 
tree trunks in Miami Springs was observed 
by the junior author, characterized by an ex
tensive gummy exudate with small quantities 
of reddish colored frass collecting in rough
ened bark areas and crotches of limbs. Furth
er observa tions revealed larval borers feeding 

just under the bark, apparently in the cam
bium area. A few small snout beetles were 
found on these trees, and eventually larva l 
and pupal forms collected from the bark bur
rows emerged as these same beetles. 

Adult specimens of these insects were for
warded to the U . S. National Museum, and 
were identified by Rose Ella vVarner as 
Lechriops flo rid.anus (Fall ), a representative 
of the h·ibe Zygopini in the weevil family 
Curculionidae. Miss Warner advised that the 
Museum collection contained a single speci
men of this species which was "apparently 
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one of the two specimens recei eel from Mr. 
Beyer," col lected at Key Lugo and EJliot's 
Key Florida and from which Fall described 
the ~pecies i1~ 1906 under the genus P'ia;::,urus. 
( 1). Subsequently it has been, assigned to the 
genus Lech riops. . . 

In March, 1954, Mr. G. B. Merrill of the 
Florida State Plant Board advised that their 
collection contained two specimens of this 
species, both obtained as interceptions . on 
mahogany from Cuba in 1937. Other ref·er
ences to this species have not been located in 
available literature, except for more recen t re
ports of its occmrence in the Miami area in 
the Cooperative Insect Pest Survey of the 
U. S. Department of Agriculture and the Flori
da State Plant Board. 

These small weevils, measuring about 5.5 
mm long, are quite inconspicuous when rest
inrr on the trunk of their host tree. They are 
da~-k brownish colored, obscurely mottl ed with 
dirty white and fulvous scales, and blend in 
remarkablv well with the roughened bark 
areas of the h·ee. They remain quiet for long 
periods of time, resting on the surface of the 
bark or in small crevices near vig cro tches . 
Champion ( 2) reports that this is a character
istic habit of Central American representa
tives df this genus and closely allied genera, 
stating that they "are remarkable from their 
habit of resting motionless in the hot sun on 
the bark of felled or decaying trees." The 
adults feed on mahogany leaYes, eating small 
holes through them and producing a charac
teristic "shot-hole" appearance. ( Fig. 1). 

In glass cages i11 the labor::i. tory, the beetles 
chew rather extensively into moist mahogany 
bark chips, making sh~llow holes in the bark. 
The few eggs observed were deposited in such 
areas slightly below the bark urface. One 
bark chip placed in a cage containing several 
beetl es at 1:00 p. m. on April 4 contained an 
egg in a typical burrow at 11 :00 a. m. the 
next day. This egg had not hatched on April 
] 2, at which time it appeared en tirely dried 
up. Anotl1er egg foLU1d in a bark chip on 
March 15 had hatched on March 29, and the 
ensuing larva had started feeding in the adja
cent bark area. This egg came from a caged 
female which had been observe in copula the 
same clay t·he egg was found. 

Details pertaining to the larva] and pupal 
stages have not been determined. Pupation 

Fig. 1. Typical foliage illjury from feeding of 
mahogany w eevi l adu lts. 

occurs within the larval burrow. One pupa 
first observed on March 18 and another one 
first observed on March 25 each produced 
adults on March 29, but the age of these pupae 
when they were first found is not known. 
These two adults remained alive and active 
within glass cages for 14 clays. 

Attempts to establish infes tations on ma
hogany trees growing in 5 gallon containers 
in a greenhouse by caging weevils on them 
have never been successful. A dozen beetles 
placed within a 3 foot long plastic screen cage 
attached around the trunk of a small tree were 
all dead within a period of seven days, with 
only a very small amount of foliage feeding 
eviden t on leaves within the cage. Several 
weevils placed in a screened insectary with a 
mahogany tree were all recovered dead on 
the floor of the insectary during the next 
week, without any evidence of bark feeding 
or oviposition. 

Larval infestations were established on 
potted trees by gra ftin g infested bark chips 
into the tree. Altl1ough several larvae moved 
from the infested ch ips into the tree, none of 
them completed their development. 

The larvae feeding within the area just 
under the bark of mahogany trees make rather 
extensive burrows. Such injured areas are in -
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dicated by an excessive gummy exudate 
around the wound area, along with small 
quantities of reddish colored sawdust-like frass 
pushed out of the burrow by the larvae. Trees 
with numerous larval infestations present an 
unsightly appearance from the exudate and 
sooty mold which develops upon it. Heavy 
infestations on small trees can cause rather 
severe damage, with premature leaf-drop, but 
all such trees so observed have recovered from 
the injury. Infestations, appear most abundant 
in the spring and early summer months. 

During the spring of 1954, infestations of 
these weevils and their larvae were encount-

ered in Miami Springs, ' West Miami, and 
Coral Gables. More . recently, infestations 
have been found more generally distributed, 
occurring from North Miami well into south 
Dade County on numerous trees. Jhus, this 
insect, which appears to have been quite rare 
until its occurrence was observed in 1954, is 
now apparently well established on mahogany. 
trees throughout the greater Miami area. 
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RESPONSE OF LYCHEES TO GIRDLING 

T. W. Yom;c 

Sub-Tropical Experiment Station 

Homestead 

Lychee ( Litchi chinensis Sonn.) yields in 
Florida are irregular and frequently below the 
potential bearing capacity of the trees. The 
trouble is due partly to failure to bloom, but 
unsatisfactory crops are sometimes set follow
ing adequate bloom. Failure to bloom is gen-

, erally attributed to an insufficient degree of 
dormancy to initiate flower bud formation. 
Dormancy in lychees apparently is induced by 
dry weather or recurring periods of relatively 
cold weather, or both, during late fall and 
early winter. Groff (2) has stressed the neces
sity of periodic temperatures between 30° F. 
and 40° F. for satisfactory flowering and 
fruiting of lychees. 

From the temperate zones to the tropics, 
fruit production problems of this nature have 
been investigated by branch girdling, a prac
tice long known to induce fruit bud formation 
in deciduous and nondeciduous species, e.g., 
apples ( 3) and young citrus ( 1) . Girdling is 
used in testing new varieties and seedlings, 
but it has found little application commercial
ly. With grapes, in some sections, where the 
primary object is to hasten maturity and in
crease berry size, girdling has found limited 

Florida Agricultural Experiment Station Journal 
Series Number 539. 

commercial use. Recently Nakata ( 4) reported 
substantial increases in yields of lychees in 
Hawaii as a result of branch girdling. In these 
tests made in 1950 and 1952 on five-to-ten
year-old Brewster trees, branches from one
half inch in diameter to scaffold branches and 
trunks were girdled in September, October, 
November and December. Some of these trees 
had failed to bear the 'previous season while 
others had had fair ·crops. The average yield 
for the two years from all girdled branches and 
trunks was about nine times greater than that 
from the controls. Best results were obtained 
by girdling in September. Where trees were 
vegetatively active when girdled in October, 
November and December, no fruit was pro
duced on girdled or ungirdled branches. From 
these tests Nakata concluded that girdling 
would not promote flowering on trees that 
had flushed late in the season, nor prevent 
or retard full development of a flush when 
girdling was done after the new flush had 
been initiated. The experiments in Hawaii 
were conducted in an area of heavy October 
and November rainfall and relatively high 
fall and winter temperatures. The trees tended 
to remain vegetative. Girdling evidently sup
plied the necessary physiological s,timulus for 
adequate bloom and comparatively good 
yields resulted. 

The effectiveness of branch girdling in pro
moting flowering, and fruiting of lychees in 
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Florida has been investigated for the past two 
years. Results were inconsistent between the 
two seasons and the difference in yield be
tween girdled and ungirdled branches was 
considerably less than reported from Hawaii. 
In considering these results, it should be re
membered that, compared to Hawaii, fall and 
winter months in Florida are usually relatively 
dry and cold. A minimum of 52° F. is rare in 
the lychee-growing areas of Hawaii, but is 
common in late fall and winter for most ly
chee areas in Florida. 

The first series of tests, made in 1954 on 24 
eight-year-old Brewster trees on Merritt 
Island, has been discussed elsewhere ( 5) . A 
brief review of this work is sufficient here. 
Eight of the trees used had borne no fruit the 
previous season, eight had light crops and the 
remaind.er medium to heavy crops, according 
to performance records. Six branches, not 
vegetatively active at the time, were selected 
and tagged on each of the 24 trees on October 
1. Three branches on each of four trees in 
each of the three yield classes were girdled 
on October 1. On October 26 three branches 
on each of the remaining 12 trees were girdled. 
The three tagged, but ungirdled, branches on 
each tree served as controls. 

Fall artd winter were relatively dry. No ir
rigation was used. Temperatures of 52° F. or 
lower were recorded in the grove on 38 days 
between November 1 and January 31, with 
temperatures from 33 ° F. to 40° F. on ten 
days between December 5 and January 31. 
All branches under observation were dormant 
by mid-December and the . appearance of 
bloom buds was general by late January. 
Bloom occurred in February. Girdled branches 
were slower coming into bloom and panicles 
remained shorter, on the average, than on 
control branches. Most of the trees bore a 
good crop. Just prior to harvest, an inspection 
was made of fruit on treated and control 
branches. Yields were determined by counting 
fruits. Time of maturity, . average fruit size, 
color, quality and quantity were practically 
the same on girdled and ungirdled branches. 
A number of girdles failed to heal and the 
foliage on these branches became sparse and 
chlorotic. Within a year after girdling, most 
of the weakened branches died. 

The tests were repeated in this grove in 
1955, using 24 Brewster and eight Late Globe 
trees. Half of the trees of each variety had 
borne light and the other half heavy crops 
the previous season. As before, branches of 
apparent equal dormancy were selected. 
Girdled and control branches were paired as 
nearly as possible according to size and bear
ing surface. Three branches, ranging from 
about one to four inches in diameter, were 
girdled on each tree at different times. The 
first set was girdled September 16, the second 
October 17 and the third November 21. 
Girdling was done by running a pruning saw 
once around the limb so as to sever the bark 
completely. 

Although drought prevailed throughout fall 
and winter, the trees were not irrigated. 
Temperatures of 52° F. ·or below were re
corded in the grove on 48 days between No
vember 1 and January 31, with temperatures 
from 31.8° F. to 40° F. on 11 days between 
J!lnuary 1 and 31. By late December all 
branches under observation were dormant. 
Scattered bloom buds appeared early in Jan
uary but the general bloom did not occur until 
February. Perhaps because of dry, cold 
weather, the bloom developed slowly. It was 
late March before trees were in full bloom. 
On the average, branches girdled in Septem
ber and October bloomed a little heavier than 
control branches or those girdled in November.· 
Bloom was also generally heavier on trees that 
had light crops than on those with heavy 
crops the previous season. The retarding ef
fect of girdling on panicle development, ob
served the season before, was practically negli
ble this season, perhaps due to less severe 
girdling in 1955 than in 19,54. Within the 
varietv, there was no discernible difference in 
time ~f maturity, average size, color or quality 
.of fruit on any of the branches under observa
tion, when in~pected about a week before har
vest. Regardless of the time of girdling or the 
1955 yield class of the tree, the crop on in
dividually treated and control branches of 
both varieties ranged from .zero to several 
pounds, but yields averaged heavier on girdled 
than on ungirdled branches. Average yields, 
from girdled and control branches on the 12 
Brewster trees, in each of the two yield classes 
for the previous year, are summarized in the 
following table: 
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Time of 
girdling 

Number of fruits per branch 
Lov yield trees - 1~55 High yield trees - 1955 

Girdled C~ Girdled Control 

Sept. 16 
Oct. 17 
Iov. 21 

62 
50 
46 

September girdling gave better results than 
later girdling. But girdling at any of the three 
times appeared to increase yields, except· No
vember girdling on trees of high performance 
the previous season. Girdled and control 
branches on trees of low yield in 1955 both 
produced better than on trees of high 1955 
vield. This difference was marked between 
~ontrol branches in the two classes. With the 
exception of branches girdled in November 
on high yield class trees, girdling on trees in 
this class resulted in a considerably greater 
percentage increase in yield over that from 
controls than did girdling on trees in the low
yield class. 

Fruit maturity on the Late Globe variety 
followed that of Brewster by two or three 
weeks. Yield response to girdling on this 
variety was essentially the same as that on 
Brewster this season. Since only a few trees 
were involved on this test, the results may 
not be entirely representative, however, and 
details are not given. 

Although the girdles healed, a number of 
treated branches on Brewster trees in both 
yield classes had sparse, chlorotic foliage at 
harvest, regardless of time of girdling or 
amount of fruit borne. They continued in poor 
condition, with some shoot growth dying, 
throughout summer and early fall, but none 
had died completely when last observed. Such 
adverse effects of girdling on Late Globe 
were slight; only two branches could be dis
tinguished by a weakened appearance from 
corresponding controls by fall. The Late 
Globe trees were more vigorous growers than 
Brewster trees generally in the grove. This 
likely accounts for the better recovery from 
girdling of branches on Late Globe than on 
Brewster trees . 

Girdling trials, similar to those on Merritt 
Island, were also conducted on five-year-old 
Brewster trees at Davie in the fall of 1955. 
These trees were on mucky fine sand and soil 

55 
36 
7 

5 
12 
7 

fertility and moisture were ~sually favorable 
for growth. They were vigorous and larger 
than average for their age. Here the be
havior of branches girdled in September and 
of some girdled in Octobe! was distinctly dif
ferent from ungirdled branches. All Septem
ber-girdled and most October-girdled branches 
were dormant by mid-December. The re
mainder of the branches under observation 
were maturing a flush at this time. By early 
January, bloom appeared on most of those 
girdled in September and on a few girdled in 
October, as well as on a few control branches. 
On the remainder of the branches under ob
servation, including all November-girdled 
branches, growth was starting but was not far 
enough advanced to tell whether it would be 
vegetative or bloom. A temperature of 32° F. 
on January 9 and of 30° F. on the 10th, with 
2.3 hours at or below 32° F., did no apparent 
harm. On January 14 the temperature dropped 
again to 32° F .. and on the morning of the 
15th to 26° F. for 1.7 hours, with 6.8 hours 
at 32 ° F. or lower. Shoots over the entire sur
face of the trees were killed back six to twelve 
inches. A few branches girdled in September 
were undamaged and some of those girdled 
in November were slightly less damaged than 
the trees in general. In April all trees made 
good vegetative growth but no bloom appeared 
except on the few September-girdled branches 
undamaged by cold. These continued to bloom 
after the cold and set some fruit which ma
tured. If cold damage had not occurred, it 
seems probable that there would have been a , 
measurable increase in yields on branches ' 
girdled in September, and perhaps October, 
over that on ungirdled branches. 

Injury from girdling on Brewster trees in 
this grove was much less than on Brewster 
trees on Merritt Island. With a few minor ex
ceptions, all girdled branches had recovered 
completely from the treatment by fall. It 
was mentioned that the trees here were grow-
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ing vigorously. As with the Late Globe trees 
on Merritt Island, recovery from girdling was 
probably due to their thrifty condition. This 
suggests that girdling injury likely would be 
less in good than in poor growing seasons, 
and that injury could be prevented or re
duced in any season by cultural practices, such 
as fertilization and irrigation, which would 
keep the trees very thrifty, especially for a 
period immediately before and after girdling. 
Such practices, however, likely would nullify 
to some extent the effects of girdling, at least 
on some varieties. 

The contrast in . results obtained in differ
ent years from these tests in Florida, and the 
contrast of results in Florida with those re
ported from Hawaii, leaves some question as 
to whether the differences can be accounted 
for entirely on the basis of dormancy induced 
bv drv and cold weather. As far as could be 
d~ter~ined by inspection, the degree of dor
mancy of branches used on Merritt Island in 
1955 was the same as that of branches used 
in 1954. Yet girdled and ungirdled branches 
in the 1954 series set equally good crops, and 
effects of girdling were not apparent while 
the average yield of branches girdled in 1955 
was approximately double that of the con
trok If weather factors were involved, 
through better conditioning of branches in the 
1954 series for fruiting than those in the 1955 
series, a slight difference in time of occur
rence of cold must have been the controlling 
influence. The total amount of cold of 40° 
F. or below was about the same both seasons 
and the 1955-56 season was somewhat drier 
than 1954-55. Temperatures of 40° F. or 
lower occurred four times between December 
5 and 22, 1954, while the following season the 
first temperature of 40° F . or lower was on 
January 1, 1956. Perhaps after the trees ap
pear dormant, some process which is in
duced or promoted by cold occurs in the 
branch that results in flowering and fruiting . 
Although there was slightly more total cold of 
40° F. or lower in 1955-56 than in 1954-55, 
it occurred later in 1955-56. It is barely pos
sible that this was too late to have the pro
nounced effect of the previous season on 
flower buds and that trees tended to be more 
vegetative than fruitful. Girdling, however, 
perhaps substituted for cold earlier in the 
1955-56 season, promoting the process es-

sential to flowering and fruiting, and branches 
girdled in 1955 thereby bore more than those 
not girdled. The marked difference between 
response to girdling in Hawaii and in Florida 
may be accounted for partly in this way, 
Hawaii having no cold below 52° F., and 
partly because of difference in Hawaii and 
Florida in rainfall. In -Florida, however, where 
weather conditions were so nearly similar and 
trees equally dormant both seasons, such an 
explanation for the difference in behavior 
probably is incomplete. 

The heavier crops on· both girdled and un
girdled branches of trees of low yield the pre
vious season than on those of high yield sug
gest that some substance, or substances, with
in the tree and essential to fruiting, is de
pleted by the crop without always being ade
quately replaced before the next season. This 
could be some mineral nutrient or an elabo
rated organic material, perhaps a hormone
like substance. These tests were not designed 
to determine what substance, if any, is in
volved. Inventories of the crops for the past 
two years on the Merritt Island grove and 
five other representative lychee groves in the 
state, together with the fertilizer program for 
each, give no indication that external nutri
tional (fertilization) factors are involved. 

Internal nutrition and other factors in
volved in fruit production are complex. Suf
ficient information is not available yet to pre
dict what the response to girdling of lychees 
would be in a given season in Florida. Furth
ermore, many branches were weakened or 
killed by girdling. These adverse effects 
would be multiplied many times if repeated 
girdling were undertaken on a commercial 
scale. Trees likely would be retarded in 
growth and definitely tend towards alternate 
bearing, with an eventual net. result of lower 
total yields. As a general horticultural prac
tice, branch or trunk girdling of lychees is not 
recommended at present in Florida. 
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· SOME ASPECTS OF THE LYCHEE AS A 
COMMERCIAL CROP 

GORDON p ALMEll, PRESIDENT 

Florida Lychee Growers Association 

Osprey 

During the past few years especially, con
siderable research work has been done on the 
cultural requirements of the lychee. The 
findings have been reported principally in 
various publications of the State of Florida, 
of the Horticultural Society and of the Florida 
Lychee Growers Association-all readily avail
able to the lychee grower and to anyone else 
interested. There is however one important 
aspect of lychee growing outside of the 
sphere of these technical publications and on 
which almost no information is available. This 
is the economic aspect of lychee growing and 
the commercial possibilities of this interesting 
fruit from the point of view of the grower or 
prospective grower. 

Historically one of the oldest known of all 
fruits, the lychee is recorded in Chinese docu
ments dating from the 12th Century and 
there are literary allusions to it indicating it 
may have been known in China as early as 
1500 B.C. Its early plantings appear to have 
been widespread through favorable climatic 
areas in India as well as China where a great 
many different varieties of the trees are still 
being grown commercially today. Most of this 
fruit is consumed at home, apparently, though 
small quantities of dried fruit, known as "Ly
chee Nuts," and of canned fruit are being 
imported into the United States from Hong 
Kong. 

South Africa has been growing lychees 
commercially probably for a century or more, 
the predominant variety today being known 
as the Mauritius from its origin as a seedling 
selection made on the Island of Mauritius in 
the 1870's. l\fost of the present day crop, 
amounting to something like a million pounds 
yearly, is consumed locally, though because of 
the critical transportation difficulties in South 
Africa, much of it spoils before it reaches the 
widespread local markets. Some experimenting 
has been done with shipping fruit to England 

under refrigeration, but this apparently has 
proved too hazardous to be a really attractive 
large scale venture until some better means is 
found to reduce the losses from spoilage. 

Hawaii has ~lso had the lychee for many 
years, but more as a dooryard.novelty than as 
a commercial crop until the recent develop
ment of new varieties which may show prom
ise of economicallv attractive vielcls in that 
climate. • • 

The lychee was introduced into Florida in 
the 1880's but remained in the novelty cate
gory until the 1940's when Col. William R. 
Grove began experimenting toward develop
ing a new commercial sub-tropical fruit crop 
for Florida. With his discovery and perfecting 
of a method of propagation by marcottage 
using polyethylene, quantity production of 
true-to-variety lychee nursery stock became 
practical and the lychee was launched as a 
commercial proposition. 

Before going any further with the discus
sion of the economics of the lychee in Florida, 
it would be well to point out that almost all 
of the present commercial plantings in the 
state stem directly or indirectly from Col. 
Grove's work with the Brewster variety of 
lychee. Accordingly the Florida lychee as 
presently grown should more correctly be 
termed the Florida Brewster lychee and for 
the purposes of this paper it is to be consid
ered as such. Various work is now being car
ried on with other named lychee varieties, as 
well as with new seedling stock, the results of 
which could radically · change the whole ly
chee picture as it is given here. 

Col. Grove's close contact and common in
terests with lychee growers whom he had in
terested led to the formation in 1951 of the 
Florida Lychee Growers Association, a grow
ers cooperative to handle the marketing of 
lychees, to coordinate research on the lychee 
and generally to promote the best interests of 
the industry.· 

Today our Association includes 85 growers 
and also has a professional membership of 35 
scientists and other persons who are doing re
search work on lychees or who have a col~ 
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lateral interest in them. At a count taken last 
May the total number of lychee trees being 

• grown by our membership amounted to some 
13,500, representing plantings of perhaps 250-
300 acres. 

Our Association has marketed the fresh ly
chee crop for four years now. In 1953 we our
selves handled the marketing and distribution 
of the crop, amounting to some 7,500 pounds. 
In 1954 and 1955 our marketing was handled 
by the Florida Citrus Exchange, some 9,500 
pounds of fruit in 1954 and some 22,000 
pounds of fruit in 1955. This past summer we 
returned to doing our own marketing with a 
crop of about 20,000 pounds. Shipments have 
been made by air-freight to various markets 
all over this country, as well as in Canada. 
Prices on the f.o.b. point of shipment basis 
have ranged from a top of $1.00 per pound 
to a few shipments which reached a low of 
. 50c per pound at the peak of the 1955 har
vest. This past year our prices held consistent
ly at 75c per pound, f.o.b. The basic market 
for lychees is found among the centers of. 
Chinese-American population where the fruit 
has been known for generations. More and 
more each year, however, our crop is being 
introduced to the non-Chinese public. 

This then is the background of the present 
day lychee industry in Florida. What is its 

. future? What are the economic possibilities 
of growing lychees? These are the questions 
on which there is little available published in
formation. Because the industry is so new, 
there are not even any statistics either as to 
the cost of maintaining a mature grove or as 
to the expected production from it. No one has 
yet brought a grove to a point even approach
ing maturity. 

What I would like to tell you today is how 
a lychee grower looks at the future of the in
dustry and what he hopes the lychee will do 
for him. What I say is a compilation of the 
experiences of other individual growers and 
myself to date and our conjectures for the 
future. Please accept these statements in this 
light and not in anyway as expressing the of
ficial opinion of the Lychee Growers Associa
tion. The Association has not taken ·any of
ficial position on the subject. 

Lychees will ordinarily grow on . any land 
that is suitable for citrus. Their cold tolerance 
at maturity is thought to be about that of 

citrus and, incidentally; they are not, as far 
as is known, affected by the burrowing nema
tode. Because they may reach a huge size 
they are ordinarily planted 40 feet apart with 
one tree in every center (which can be re
moved later if the trees get crowded.) This, 
means an initial planting of about 50 trees to 
an acre with a possibility of later thinning to 
25 trees to an acre. Many growers, however, 
plant lychees on much smaller centers, either 
with the idea of getting earlier quantity pro
duction from more young trees per acre, or be
cause they feel their land may not be opti
mum to support the full potential growth of a 
mature lycree. 

Cost of land preparation is about the same 
for lychees as for citrus and the planting again 
about the same, except that the trees cost 
more than citrus, ranging from about $2.00 
to $3.00 each, and up, depending on size . 
Cost of maintenance except for fertilizing 
should not greatly exceed that of citrus be
cause care and cultivation practices do not 
vary greatly costwise. There is however, rea
son to believe that lychees may require more 
fertilizer than citrus. Small trees should begin 
producing within 4 or 5 years when they have 
reached a height of 5 feet or more. Within 
another IO years, at a 15 to 25 foot size, the 
trees should average a yield of 100 lbs. of 
fruit per tree annually. As the trees grow on 
toward maturity a planted acre should be ex
pected to yield 10,000 pounds of fruit per 
year, whether this be from a few large trees 
or from many smaller trees planted closer to
gether. 

While on this subject of yields I should 
point out that these figures could easily be 
much too conservative. In South Africa 10 to 
12 year old trees at one of the large lychee 
plantings have produced an average of as 
much as 225 pounds per tree in a good year. 
There are also some magnificent 25 year old 
plantings in South Africa with trees 50 feet 
tall and 40 feet across and still growing. 
These trees have yielded up to an average 600 
pounds per tree, but again this was in an es
pecially good year. Year . in and year out they 
are counted on for a production upwards of 
300 pounds average each. There is also re
ported a phenomenal yield of 1,200 pounds 
one year from an old lychee planted here in 
Florida in the St Petersburg area. 
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You will observe that one qualification of 
the question of yields is the fact that lychees 
do not seem to bear consistently. A tree which 
grows 50 pounds of fruit in one year may only 
have a 20 pound crop the next; the third ·year 
the same tree might yield 100 pounds. This 
matter of erratic bloom and fruit set . is one on 
which research is being done. 

But assuming an average yield of 10,000 
pounds per acre, maintenance costs of $300.00 
per acre, per year ( which amounts to some
what more than the average cost for citrus) 
plus a contingency reserve of another $200.00 
per acre to cover return on investment, poten
tial losses _ from hurricanes, frosts, floods, fires, 
etc., would mean that lychees can be pro~ 
duced for about Sc per pound. Add to this 
2c for picking, 3c for packaging materials, 3c 
for grading and packing, le for delivery to 
point of shipments, 3c for delivery to Northern 
markets, 5c for advertising, marketing costs, 
Association fees and the like, and you have a 
total of 22c per pound of · fruit delivered in 
New York City, for instance. 

,vhen production costs can be brought down 
to these levels ( and quite possibly to even 
rriuch lower levels), lychees will no longer be 
classed as a luxury fruit and will be in position 
to compete in price with grapes, strawberries, 
cherries and all the rest. And from the grow
ers point of view, half pound packages of the 
fruit wholesaling at 16c. to retail at 20c to 
25c would return him something like $1,000 
an acre. 

This gives the grower a rosy picture produc
tionwise, but the crucial question is whether 
or not his crop can be sold to the retail trade, 
at 16c a half pound or for that matter at any 
price at all. How does the lychee fit into the 
retailer's picture? 

From the point of view of the retail grocery 
or supermarket an ideal product is one which. 
is well enough known, reasonably enough 
priced, and in enough demand to tum over 
rapidly and in large volume even at a small 
profit margin without special merchandising 
and promotion. It must be of standard de
pendable quality, stable and non-perishable 
so that it needs a minimum of special han
dling. It should be readily available at all 
times in sufficient supply to meet demands. 
Unfortunately the lychee, at the present time, 
does not qualify in any of these categories. 

The most persistent agony that plagues the 
lychee is its very limited IO to 14 day shelf 
life, combined with its short 6-weeks harvest
ing season, with the bulk of the crop ripening 
during a 15-day midseason period. The fruit 
cannot be picked early to ripen off the tree, 
and when it does ripen on the tree picking 
cannot be delayed. 

An immediate answer to the perishability 
problem involves a better means of preserva
tion through packaging or otherwise to length
en the shelf life of the fresh fruit, and research 
now being carried on will undoubtedly de
velop some relief along these lines. 

A long-range answer to the problem of the 
brief harvesting season will come when pres
ent research discovers new varieties or de

·velops existing known varieties with earlier or 
later maturities than the Brewster of the ex
isting commercial plantings. 

Actually, both of these problems could be 
at once eliminated if the idea of marketing 
fresh fruit were to be abandoned in favor of 
processing the lychee and thus making it a 
non-perishable product in year-round supply. 
What are the prospects here? 

First of all the lychee deep freezes extreme
ly satisfactorily, as a whole fruit in its natural 
state without any preparation. Although some 
further study is needed as to the best tech
nique of freezing and holding, it has been 
shown that when properly handled the lychee 
can be kept frozen for at least several years 
without loss of quality. Canning offers what 
now seems a somewhat less attractive process
ing opportunity and a . third type of processing 
by dehydration has been successfully practiced 
by the Chinese for centuries in the production 
of the dried "lychee nut." This may someday 
have commercial possibilities in Florida, but 
probably it will always be limited to the dry
ing of the culls unmarketable fresh or frozen 
because of skin discoloration, etc. Even at this 
year's exceptionally high $1.15 wholesale price 
of scarce dried lychees being imported from 
Hong Kong, they do not offer an attractive 
proposition for top grade Florida fruit because 
it requires about 4 pounds of fresh fruit to 
produce one pound of the dried. 

But above all of any of these other prob
lems, the basic need of the lychee is public 
demand. Today the lychee is virtually un
known, a high-priced novelty which does not 
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yet fit into any of the eating habits of the 
American public. The lychee needs to become 
recogni7ied, and take its proper place beside 
the plum or the cherry or some of the other 
specialty fruits in the American diet. Where 
it has this recognition and demand as in the 
case of the Chinese centers of population, in 
spite of all its other distracting drawbacks as 
a marketable product at the present time in 
today's stage of development, it has shown 
that it can be sold in quantity. 

With this ready-made Chinese market as a 
safety-valve, our Association has to date pur
posely made only a most limited effort to 
create a recognition and demand for the ly
chee in its potentially huge American market. 
We have not had enough fruit to offer even 
to justify a modest merchandising and adver
tising campaign. We have even agreed to re
sist the tempting offers of one or more nation
al magazines who want to do illustrated fea
ture stories about the lychee. Maybe we should 
be criticized for this, but we have felt that the 
benefits of any such magnificent free publicity 
will be largely wasted until we are at least 
able to begin to supply the demand that might 
be created. Until our crop increases to the 
point where we can afford to spend some 
money on promotion, and have enough fruit 
so that even the most modest response will not 
clean us out and leave us unable to fill orders, 
we have felt we have no alternative but to 
mark time. 

Some mention should be made of the matter 
of lychee production and in other areas of the 
world where they might be grown and the 
possible competition it coul~ offer now or in 
the future to the Florida lychee industry. The 
presently known varieties of lychees demand a 
very special climatic condition. They grow 
in Florida where citrus will grow, but unlike . 
citrus they will not grow and produce com
mercially in comparable California citrus areas. 

The Hawaiian plantings so far are negligible 
commercially-most of the trees are in back
yards, and I think I read somewhere that the 
largest commercial concentration of trees 
amounted to less than an acre in size. Pro
cessed fruit from China and India may some 
day be a factor if the market for processed 
fruit is developed in this country. The same 
applies to production of processed fruit by 
South Africa. 

But here again, this whole problem may be 
academic. Keep in mind that at the present 
time the existing lychee plantings in Florida 
have a potential of perhaps 2Jf to 3 million 
pounds of fruit. Set this production off against 
a potential market of 160,000,000 people in 
the United States and even as fresh fruit dur
ing a brief season it does not go very far. We 
feel we can look ahead many years before any
thing like a saturation point can even be ap
proached, even with Florida plantings many 
many times the present acreage in lychees to
day. 

All in all, the situation seems to boil down 
to just this. Although the lychee has certain 
marketing drawbacks which we feel certain 
will be corrected or by-passed, basically it is 
a good fruit. People who taste it, like it. In
creasing numbers are becoming repeat ens- · 
tomers year after year as we can see from 
our growing direct-by-mail business. Market
wise, it will need vigorous promotion to in
troduce it to the .American public. But as pro
duction increases, more money will become 
available year by year for advertising and 
merchandising. Actually we are in the enviable 
position of not having to face the expensive 
task of trying to open the whole market at 
one time. We can do it slowly, piecemeal, 
keeping the friends we make from year to 
year as repeat customers in the years that 
follow. In a nutshell, we have every right to a · 
confidence in the lychee as holding great 
promise as a profitable commercial crop. 
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THE EFFECTS OF LONGTIME AVOCADO CUL
TURE ON THE COMPOSITION OF SANDY 

SOIL IN DADE COUNTY 

JOHN L. MALCOLM 

Sub-Tropical Experiment Station 

Homestead 

This investigation was undertaken to de
termine the effect of 35 vears of avocado 
grove culture on a sandy soil in Dade County. 
A second purpose was to learn more of the 
soil itself since no work has been published on 
its composition. 

There are many reasons to expect profound 
changes in the soil as a result of commercial 
production of avocados. Presumably the soil· 
retains part of the fertilizer which is so liber
ally applied in this area. Some losses are prob
able as the result of the application of fertili
zer. The leaching of bases is accelerated by 
acid-forming nitrogen sources such as sulfate 
of ammonia and ammonium nitrate. Spray 
residues, particularly copper, accumulate in 
the soil. 

The trees themselves contribute toward 
changes in the soil. Avocados produce and 
drop a relatively large quantity of organic 
matter. In addition to this they provide heavy 
shade which aids in the retention of the or
ganic matter which reaches the ground. Trees 
contribute to losses from the soil as well as to 
the gains. The elements absorbed by the trees 
are lost, temporarily at least, from the soil. 
That portion which moves into the harvested 
crop is lost completely. Most of the remainder 
is eventually returned to the soil. Organic 
acids formed during the decomposition of or
ganic matter accelerate leaching. 

In order to measure the changes resulting 
from avocado culture, comparable grove and 
virgin soils had to be selected. It was assumed 
that before the grove was planted the two soils 
were the same and that no major change had 
taken place in virgin soils since the grove was 
planted. With these assumptions the difference 
between the two soils is a measure of the ef
fect of the grove culture. 

In order that the downward movement of 
the materials applied might be traced, a soil 
which could be sampled at several depths was 
desirable. Most Rockdale soils are too shallow 
for this purpose and are scarified in prepara
tion for planting which makes them differ 
radically from virgin soil. The soil needed to 
be reasonably free from stones, in some areas 
at least, to allow even downward movement 
of water and to permit a sample · to be taken 
without mixing several layers of soil. Since 
many pf the changes would take place slowly, 
an old grove was needed for this study. 

A suitable soil was found west of South 
Miami on the limestone ridge which lies along 
the eastern side of the County. The grove sam
ples and virgin samples were taken less than 
200 feet apart. The native plants in this area 
were mainly pine and saw palmetto. The soil 
was transitional between a Rockdale sandy 
loam, which as limestone over much of the sur
face and a Dade sand which has a clearly de
veloped profile above the limestone. These 
soils are described elsewhere ( 18). Pockets 
were selected in both the virgin soil and the 
grove soil which were 24 inches deep. The A 
horizon in each case was 18 inches deep and 
the B horizon 6 inches. Immediately below 
the B horizon was the oolitic limestone. · Ad
joining these sand pockets the limestone ex
tended to ground surface. 

The virgin soil showed no evidence of hav
ing been disturbed. Judging by the size of the 
pine trees and the condition of the stumps 
the area was cut over 10 or 15 vears before 
the samples were taken. Scars ·on the tree 
trunks and the general condition of the ground 
cover indicated the area had been burned a 
year or more before the samples were taken. 

The soil in the grove was not scarified be
fore the trees were planted. Furthermore, it 
was not cultivated during most of the 35 
years since it was planted. For a time it was 
neglected and· then had to be disced to bring 
weeds under control. \Vhen the samples were 
taken the branches of the avocado trees met 
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in middles and the continuous shade kept the 
weeds from growing. 

On the grove soil there was a layer of 
partially decomposed organic material from 
one to two inches thick. The first three inches 
of mineral soil were high in organic matter 
and dark brown in color. The major portion 
of the fine roots of the avocado trees were 
concentrated in this layer. From 3-6 inches the 
amount of organic matter diminished rapidly 
and the soil became lighter in color. From 
6-18 incl1es the soil was a light graybrown 
with no noticeable organic matter. The min
eral fraction in the entire A horizon was sand. 
The B horizon, 18-24 inches below ground 
surface, contained some clay and had a yel
low-red color. Each of these layers was 
sampled separately and the 6-18 inch layer 
was divided into a 6-12 and a 12-18 inch 
section to determine whether or not differ
ences existed which were not reflected in the 
appearance of the soil. These samples were 
taken in mid-September before the fall ap
plication of fertilizer. 

There was no deposit of organic matter 
on the surface of the virgin soil. The 0-3 
inch layer was darkened by organic matter 
but there was no observable difference from 
3 to · 18 inches. Samples from the virgin soil 
were taken from the same depths as from the 
grove soil. 

These samples were screened without dry
ing. Subsamples were dried at 85° C. for 
moisture determination. Organic matter and 
totals were determined on oven dried soil. 
Eighty five degrees was used for drying in 
preference to 100° or above because decom
position of organic matter has been observed 
in similar soils at 100° C. At 85° no decom
position was observed. 

Soil pH was determined on the moist sam
ples using equal volumes of soil and water. A 
model G Beckman pH meter was used for the 
measurement. 

Organic matter was determined by loss on 
ignition. A five gram sample of oven dried 
soil was heated to constant weight in a size 
0 porcelain evaporating dish over a Fisher 
burner. Since these samples were very low in 
clay and free calcium carbonate this was a 
suitable procedure. 

Ten gram samples of the undried soil were 
extracted with 50 ml. of water. The suspen-

sions were stirred mechanically for three min
utes and filtered through dry paper. The por
tion of the filtrate which ran through in three 
minutes was returned to the paper after which 
all of the filtrate draining in an hour was col
lected. Measurable quantities of nitrate nitro
gen, phosphorus, potassium, calcium, and 
magnesium could be · extracted from the grove 
soil by this procedure. 

Water extraction was chosen for several 
r~asons. It recovers all of the nitrate nitrogen. 
It has been used for the investigations of 
phosphorus and potassium levels in other 
groves in the area ( 20). Peech and Young 
( 23) used water extraction as a measure of 
available phosphorus in an extensive survey 
of the citrus grove soils in Florida. Many 
other investigators have shown that water ex
traction is useful as a measure of the phos
phorus available to plants ( 4, 6, 9, 10, 14, 21, 
29). Water-soluble potassium has been found 
to be correlated with the availability of potas
sium to plants ( 12, 17). Although no record 
was found of relationship between water
soluble calcium and magnesium and the 
availability of these elements to plants, the 
amounts of these elements in the water ex
tract helped to give a clearer understanding 
of what was taking place in these soils. 

A separate 10 gram sample of undried soil 
was extracted with 50 ml. · of 5 percent acetic 
acid. The suspension was stirred and the ex
tract filtered in the same way as the water 
extract. This procedure was chosen as com
parable to an acid sodium acetate extraction 
but avoided the high concentration of sodium 
which would interfere with flame photometric 
determinations. It was a suitable extractant 
since the soils were very low in free carbon
ates. In addition to the five elements deter
mined on the water extracts measurable 
amounts of copper and manganese were ob
tained in the acetic acid extracts. 

On both the water and acid extracts nitrate 
nitrogen was determined by a brucine colori
metric procedure ( 19), phosphorus by a 
molybdenum blue procedure ( 22) and potas
sium, calcium, magnesium, copper, and man
ganese were determined on a Beckman DU 
flame photometer. 

The total quantities of nitrogen, phosphor
us, potassium, caldum, magnesium, copper, 
manganese, and iron in each of these samples 
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were also determined. The total quantity of 
any element in the soil is the ultimate reserve 
of that element and as such is useful in de
termining the adequacy of the supply. In 
citrus groves in California, for example, low 
total soil phosphorus was more closely related 
to deficiency than either water soluble or acid
soluble phosphorus ( 1). In addition the total 
quantities of the several elements might rea
sonably be expected to reflect longtime 
changes better than the more soluble frac
tions. 

Total nitrogen was determined , by the 
Kjeldahl procedure ( 3) on an oven dried sam
ple. The remaining elements were determined 
on the perchloric acid extract of the residue 
from the organic matter determination. Dur
ing the extraction the perchloric acid .. was 
evaporated on a hot plate until dense white 
fumes were given off assuring that any silica 
dissolved during the ignition was dehydrated 
and could be removed by filtration so that it 
would not interfere with the colorimetric de
termination of phosphorus. The silica residues 
were completely volitalized with hydrofluoric 
·acid proving that the extraction recovered the 
total amounts of the elements determined. 
These determinations were run in duplicate. 

Phosphorus was determined colorimetrically 
by the same procedure used for the water and 
acetic acid extracts ( 22). Potassium, copper, 
and manganese were determined on the perch
loric acid extract using the flame photometer. 
Magnesium was also determined with the 
flame photometer but not until the iron had 
been removed by precipitation with am
monia. Calcium was precipitated as the oxalate 
and titrated with permanganate ( 3). Iron 
was determined colorimetrically with o-phen
anothroline ( 22). 

RESULTS 

Table 1 contains the sample designations 
and the depths · to which they correspond in 
the first two columns. The pH of the soil 
suspension and the organic matter content, ex
pressed as percent of oven dried soil, is shown 
in columns three and four. 

Table 2 shows the water soluble constitu
ents in the two soils. The values shown are 
the amounts of each element present expressed 
in p.p.m. of oven dry soil. Only nitrate nitro
gen and phosphate phosphorus were deter
mined. Phosphorus could not be determined 
on the water extract of the virgin soil because 
of interference. Table 3 shows the acetic acid 

Table 1. Designation, Samplin~ Depth, pH and Organic Matter 
Content of Virgin and Grove Soil. 

Sample 

Virgin Soil 

Grove Soil 

Depth of Sampling 
inches 

0-3 
3-6 
6-12 

12-18 
18-24 

Above Mineral Soil 
0-3 
3-6 
6-12 

12-18 
18-24 

pH 

6.12 
6.99 
7.05 
7.26 
7.42 

5.61 
6.33 
7.16 
7.26 
7.32 
7.18 

Organic Matter 
oven-dry soil percent 

4.o 
o.8 
0.9 
0.9 
4.3 

36.3 
15.6 
2.9 
0.7 
o:6 
2.3 
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I 

Table 2. Water-Soluble Nutrients in Virgin and Grove Soils. 

Sample Element 
N* p K Ca Mg 

ppm oven-dry soil 

Virgin Soil 

0 --** 1.8 26 L5 
0 1.4 26 1.4 
0 o.6 26 1.4 
0 LO 26 L9 
0 LO 38 0.0 

Grove Soil 

117 49.4 45.4 224 39.9 
20 23.1 7.3 88 1L5 
1 7.6 6.9 44 L5 
4 4.4 4.4 34 o.o 
3 4.1 4.2 29 L4 
7 11.8 18.2 34 6.6 

--------------------------==========--=------------------------------~----· 
* Nitrate nitrogen only. 

** Not determined. 

Table ;3. Acetic Acid Soluble Nutrients in Virgin and Grove Soil. 

Element 
Sample N* p K Ca Mg Cu Mn 

ppm oven-dry soil 

Virgin Soil 

A1 0 1.9 7.7 899 100 0 16 

~ 
1 o.4 3.0 472 62 0 7 
0 0.1 2.8 343 43 0 7 

~ 0 o.4 2.4 389 39 0 9 
B 0 0.5 5.4 1064 113 0 5 

Grove Soil ----
Ao 117 422 260 4870 771 42 43 
Al 21 528 59 6111 648 33 26 
½ 4 193 27 1853 114 5 9 
A3 3 23 11 384 38 0 4 
A4 3 17 10 352 23 0 11 
R 8 ·45 95 711 79 0 2 

' * Nitrate nitrogen only. 
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soluble constituents in the same manner as 
Table 2. . 

Table 4 shows the total quantity of each of 
eight elements in the two soils. The results 
are expressed in percent of oven dried soil. 

D1scuss10x 
pl-I. In Table 1 it can be seen that both soils 

were slightly acid in the A, layer and neutral 
or slightly alkaline below this depth. The only 
real difference between the two soils was the 
distinctly acid organic layer which had ac
cumulated on the surface of the grove soil. 
Otherwise there was less than 0.25 of a pH 
unit difference between the corresponding 
samples in the two soils, which is no more 
than would be expected from two samples 
taken from the same location. Except for the 
formation of an acid layer in which the avail
ability of minor elements might be expected 
to be much higher than in the near neutral or 
alkaline soil there has been no appreciable ef
fect on soil pH as a result of avocado grove 
culture. 

Organic Matter. The organic matter con
tent of the virgin soil, shown in Table I, was 
highest in the A, layer, low and relatively con
stant in the A,, A. and A, layers then increased 
again in the B horizon. This followed the ob
servation on the soil color mentioned earlier. 

In the grove there was a distinctly organic 
layer above the mineral soil and the A, layer 
contained far more organic matter than would 
normally be found in a mineral soil in South 
Florida. Even the A, layer, 3-6 inches, con
tained almost as much organic matter as the 
A, layer of the virgin soil. As in the virgin 
soil the A. and A, layers were low in organic 
matter and approximately the same and the 
B horizon showed a slight increase. 

The A, layer in the grove soil contained ap
proximately four times as much organic mat
ter as the corresponding layer in the virgin 
soil. Although the A, layer in the grove soil 
also contained almost four times as much or
ganic matter as the corresponding layer in 
the virgin soil, this was less than one fifth 
of the amount contained in A, layer. Below 
six inches the grove soil contained less or
ganic matter than the virgin soil. This prob
ably represents an inherent difference between 
the two profiles since there is no logical rea
son why the grove culture should lead to an 
accumulation of organic matter in the top six 
inches of soil and to the loss of organic matter 
below the six inches. 

Several factors have led to the accumula
tion of surface organic layer in the grove 
while there was none in the virgin area. There 
was a much higher production of organic mat-

Table 4. Total Plant Nutrients in Virgin and Grove Soil. 

Element 
Sample N p K Ca Mc Cu Mn Fe 

percent oven-dry soil 

Virgin Soil 

Al o.o64 0.050 o.oo6 0.258 O.o65 0.000 0.016 0.22 
A2 0.017 0.020 o.oo4 0.173 0.072 0.000 o.oo6 0.19 
A3 0.022 0.010 o.oo4 0.139 0.071 0.000 0.005 0.15 
A4 0.009 0.024 o.oo6 0.253 0.076 0.000 0.006 0.20 
B 0.070 0.128 0.035 0.300 0.222 0.000 o.on 2.45 

Grove Soil ----
AO 2.107 1.403 0.099 2.690 0.185 0.112 0.020 1.78 
A1 0.662 l.020 0.030 2.714 0.151 0.073 0.016 0.60 
A2 o.o63 o.488 o.oo6 o.403 o.o69 0.000 o.oo6 0.22 
A3 0.050 0.077 o.oo4 o.o41 0.053 0.000 0.002 0.20 
Al+ 0.013 0.059 o.oo4 0.033 0.052 0.000 0.003 0.17 
B 0.039 0.268 0.026" 0.121 0:103 0.000 o.oo6 1.36 
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ter by the avocado trees compared to the 
native pine and palmetto. This difference was 
made possible by the liberal ·use of fertilizer 
in the grove sin'ce the avocados cannot · main
tain themselves on the virgin: soil. Also there 
was very little shade in the woods compared 
to the grove and it has . been shown that or
ganic matter cannot be built up in exposed 
locations even with the use of cover crops and 
mulch ( 2). Furthermore, periodic fires have 
occurred in the virgin area while the grove 
has been protected. 

Two general surveys of orange groves ( 15, 
23) showed that grove soils contained more 
organic matter than similar virgin soils. ~he 
differences were very much smaller than was 
found in this avocado grove. Most of the 
orange groves were cultivated which would 
hasten the decomposition of the organic mat-
ter. ' 

The conditions in the avocado grove were 
similar to the forest conditions described by 
Harmsen (16) as necessary for the accumula
tion of organic matter. There was no removal 
of organic matter from the grove and no cul
tivation to hasten decomposition. According to 
this author, approximately 300 years would 
be required to develop a stabilized condition 
so · far as the organic matter content of the 
soil is concerned. With such an estimate in 
mind the increase · in organic matter content 
extending to a depth of six inches in 35 years 
is reasonable. · · 

Nitrogen. In the virgin soil · there was prac
tically no nitrate nitrogen found at any depth. 
The total nitrogen content was highest in the 
A1 and B horizon and although low was about 
equal to that of other virgin mineral soils in 
peninsular Florida ( 23). The total nitrogen 
content of the successive layers paralleled the 
organic matter content. Carbon-nitrogen ratios 
were calculated. First the organiQ carbon was . 
calculated using the generally accepted factor 
of 1.742 times the carbon content equals the 
organic matter content of the soil. In the A1 
layer the ratio was 35.3-1 and in the B horizon 
35.9-1. With these very wide carbon-nitrogen 
ratios no nitrate nitrogen would be expected 
since the micro-organisms which decompose 
carbohydrate material would utilize the nitro
gen as quickly as it became available. 

The grove soil, in contrast to the virgin soil 
contained an abundant supply of nitrate nitro-

gen. The results with the water extraction and 
acetic acid extraction were the same within 
the limits of error of the method. This was 
to be expected ··since nitrates are not absorbed 
by the soil colloids. The nitrate content 
dropped from a very high value in the Ao to 
a low level in the A2 layer and below. This 
agreed with other observations that nitrogen 
applied to the surface did not increase appre
ciably the concentration of nitrate nitrogen 
below six inches. ( 5) . · 

The total nitrogen in the grove soil, shown 
in Table 4, was high at the surface. The nitro
gen content of the A0 layer was as high as that 
of a muck soil ( 23). As with the nitrate, total 
nitrogen decreased very rapidly with depth. 
The A, layer contained only one tenth · as 
much as the A,. The nitrogen content of the 
grove soil also paralleled the organic matter 
content. The carbon-nitrogen ratios were very 
different at the surface and below. The ratio 
of the Ao layer was 9.9-1 in the A1 layer it was 
13.5-1 and in the B horizon 33.8-1. The com
paratively narrow ratios at the surface indicate 
that nitrogen should be readily available and 
agreed with the observed nitrate levels. The 
small amount of nitrate nitrogen found in the 
B horizon was probably carried from the sur
face by rain water rather than the result of 
the decomposition of the organic matter in 
that horizon. 

The build-up of nitrogen .in the grove com
pared to the virgin soil represented a very 
real gain in fertility since the nitrogen was 
readily available, as indicated by the low 
carbon-nitrogen ratios and the presence of 
large amounts of nitrate nitrogen. This build
up was due to nitrogen applied in the fertilizer. 
The nearly equal carbon-nitrogen ratios in 
the B horizons of the two soils strongly sug
gest that little or''no modification of the or
ganic matter in the grove soil resulted from 
the grove culture. The significant differences 
in nitrogen contents of the two soils was 
limited to the first 12 inches of mineral soil. 

Phosphorus. The acetic acid-soluble phos
phorus was low in all layers of the virgin soil. 
This is in agreement with the general observa
tion that the soils of this area are too deficient 
in phosphorus for the growth of cultivated 
crops. The total phosphorus content of the 
A horizon, taken as a whole, shown in Table 4 
was below the critical ,level established for 



MALCOLM: AVOCADO CULTURE 319 

citrus in California ( 1). The distribution of 
total phosphorus was quite different from the 
distribution of organic matter and nitrogen. 
The B horizon was much higher in total phos
phorus than the A horizon. The top three 
inches of the A horizon did contain more 
phosphorus than the lower layers. This was 
probably maintained by leaf drop. 

The grove soil contained very large amounts 
of water-soluble phosphorus. All of the layers 
contained more water-soluble phosphorus 
than soils in which response to phosphate 
fertilizer could be expected according to many 
investigators ( 4, 6, 9, 10, 25). In the 0,6 inch 
layer this soil approached the 32 ppm. water
soluble phosphorus at which a copper de
ficiency was induced in citrus (30). These 
levels were also higher than the average of 
15 groves on the Rockdale soil, none of which 
showed any evidence of phosphorus deficiency 
( 20). The water-soluble phosphorus was 
highest in the A0 and decreased with depth 
to the B horizon. In the B horizon it was 
slightly higher again. The · distribution of the 
acetic acid-soluble phosphorus was only 
slightly different. This fraction was higher in 
the A1 than in the Ao but otherwise the dis
tribution was the same. 

The total phosphorus values were very high 
in the upper layers of the grove soil. In the 
Ao and A1 the phosphorus content approached 
that of a fertilizer. The phosphorus content of 
the soil decreased with depth through the A, 
and increased appreciably again in the B 
horizon. 

Comparing the phosphorus content of the 
two soils, the A1 layer of the grove soil con
tained 1000 times as much acetic acid-soluble 
phosphorus as the corresponding layer of the 
virgin soil. Even the B horizon of the grove 
soil contained 90 times as much acid-soluble 
phosphorus as the B horizon of the virgin soil. 
The A1 horizon of the grove soil contained 20 
times as much total phosphorus as the A, 
layer of the virgin soil. The B horizon of the 
grove soil contained twice as much total phos
phorus as the B of the virgin soil. 

The relationship between the acetic acid
soluble and total phosphorus in the two soils 
points up the difference between the native 
and applied phosphorus. In the A, layer of the 
virgin soil 0.38 percent of the phosphorus was 
acid-soluble while in the grove soil 5.18 per-

cent was soluble. In the B horizons only 0.04 
percent of the phosphorus was soluble in the 
virgin soil while 1.68 percent was soluble in 
the grove soil. These differences indicate that 
the phosphorus in the grove soil was present 
in a different compound or was located on 
the surface of the soil particles where it could 
be more readily dissolved than in the virgin 
soil. 

There was significant movement of phos
phorus to the 18-24 inch depth in the grove 
soil. Not only was the acid-soluble and total 
phosphorus higher in the B horizon of the 
grove soil than in the virgin soil but also the 
proportion of the phosphorus soluble in acetic 
acid was very much higher in the grove than 
in the virgin soil. 

The accumulated phosphorus in the grove 
soil represents an active reserve, as is shown 
by the high levels of water-soluble and acid
soluble phosphorus. The maximum build-up 
of phosphorus was at ·the surface where the 
fertilizer was applied. This was also where 
the greatest build up of organic matter and 
nitrogen was found. The movement of the 
phosphorus in the soil was not directly related 
to the organic matter content of the soil, how
ever, since the phosphorus content of the B 
horizon in the grove ·soil was higher than in 
the virgin soil while the reverse was true of 
the organic matter contents.: 

The conclusions drawn iri this investigation 
concerning the movement of phosphorus in 
the soil contrast with those in most studies on 
soil phosphorus. Two investigators found that 
no movement of phosphorus could be detected 
more than three inches below the point of 
application ( 8, 13) and another found only 
slight movement below six inches ( 26). In all 
cases the time over which the movement was 
measured was relatively short and the soils 
were heavier in texture than the one studied 
in this investigation. The relatively large ac
cumulation of organic · matter in this grove 
probably contributed to the movement of 
phosphorus since it has been shown that 
readily decomposable substances increase 
phosphorus availability ( 11). Mulching was 
effective in increasing the phosphorus content 
of apple leaves (27) and the rate of penetra
tion of phosphorus in the soil ( 28). There are 
many reports of accumulations of phosphorus 
in orchard soils (9, 21, 23, 24). 
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Potassium. The virgin soil was uniformly 
low in both water-soluble and acetic acid
soluble potassium, as shown in Tables 2 and 
,'3. The total potassium was uniformly low in 
the A horizon but was much higher in the 
B horizon. The lack of any significant soluble 
fraction indicates that this potassium was 
bound too strongly to be of benefit to any 
but the slowest growing trees with low potas
sium requirement~. 

The water-soluble potassium content of the 
grove soil was low compared to the Septem
ber average of 15 groves in Dade County over 
a three year period which was 65 ppm. ( 20) . 
The samples in this grove were taken before 
the fall fertilizer was applied. Furthermore, 
the greater depth of thi~ soil and the relatively 
low proportion of rock meant that the potas
sium present would be far more dilute than 
an equal amount would be in an average 
Rockdale soil. 

The acetic acid-soluble potassium was from 
two and a half to eight times as high as the 
water-soluble potassium. The widest ratio be
tween the two fractions was in the B horizon 
indicating a more effective exchange mechan
ism than the A horizon. 

Total potassium shown in Table 4, was from 
1.6 to 5.1 times as high as the acid-soluble 
potassium. This indicates that a relatively 
large proportion of the total potassium in the 
soil was available to plants in all layers. 

The distribution of potassium which could 
be extracted with water and acetic acid and 
of total potassium followed the same pattern. 
The highest values were in the A. layer. The 
potassium level declined through the Aa layer 
and A, was about equal to A,. In each case the 
potassium was higher again in the B horizon. 
This agrees with the work of Peech and Young 
( 23) who found that potassium was generally 
higher in the 0-6 inch layer than in the 6-12 
layer. 

In .comparing the grove and virgin soils the 
grove contained more water-soluble and ace
tic acid-soluble potassium at all depths than 
the virgin soil and contained more total potas
sium in the A, layer. The surface organic 
layer with its high potassium content did not 
even exist in the virgin soil. For all practical 
purposes the two soils contained the same 
amount of total potassium in the A2, A., and 
A, layers. The total potassium content of the 

virgin B horizon was higher than that of the 
grove. 

Not only was the amount of soluble potas
sium greater in the grove soil but the · soluble 
fraction represented a larger portion of the 
total. As an extreme example only one and a 
half percent of the total potassium in the B 
horizon of the virgin soil was soluble in acetic 
acid whereas 24. 7 percent of the potassium 
in the grove soil was soluble, 

While the available potassium in the grove 
was higher than in the virgin soil .it is probable 
that the virgin soil contained more potassium 
at the. outset. The B horizon of the virgin soil 
was much higher in total potassium than the 
B horizon in the grove soil but a . much lower 
percentage was soluble. This indicates that 
the potassium in the virgin soil was held 
within the soil minerals while the large por
tion of the potassium in the grove soil was 
exchangeable. It seems probable that most 
of the readily soluble potassium in the grove 
soil came from the fertilizer applied or from 
falling leaves. 

Unlike nitrogen and phosphorus, potassium 
has not accumulated in the grove soil to any 
appreciable extent, even though over the years 
it has been added in equal or greater quantity. 
Potassium was retained only where an ex
change reaction could take place. The surface 
organic matter retained a small amount and 
in the B horizon a little was held by the clay. 

Calcium. The water-soluble calcium con
tent of virgin soil was low and uniform 
through the A horizon and slightly higher in 
the B. The calcium extractable with acetic 
acid decreased from A, to: the A, layer. The 
acid-soluble calcium in the A, and A, layers 
was the same. The B horizon had the highest 
acid-soluble calcium content in the profile. 
Acetic acid extracted from 13 to 26 times as 
much calcium as water. 

The total calcium content of the virgin soil 
decreased from the A, to th€\ A. layer. The A, 
layer was equal in calcium content to the A, 
layer. As with the partial extractions calcium 
was highest in the B horizon. The calcium 
content of all layers was extremely low con
sidering that this soil was not only of lime
stone origin but also that the bedrock ex
tended to the ground surface only a few 
inches away from the place where the sample 
was taken. ' 
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In the grove soil in contrast to the virgin 
soil there were great changes in the water
soluble calcium in the A horizon. The A, con
tained six or seven times as much soluble cal
cium as the layers below six inches. From the 
A, layer the water-soluble calcium decrea·sed 
rapidly through the A,. For practical purposes 
the calcium content of the A,, A,, and B hori
zons was equal. 

The distribution of the acetic acid-soluble 
and total calcium in the grove soil followed 
the same general pattern with one exception. 
The Ao layer was slightly lower in the acid
soluble calcium than the A,. The two layers 
contained practically the same level of total 
calcium. Both fractions decreased from the 
A, to the A, layer. The A,, and A. layers con
tained equal amounts. The B horizon was high 
again in both. 

The calcium content of the grove soil was 
higher in the A,, A1, and A, layers than in the 
virgin soil regardless of the method of ex
traction of the calcium. The water-soluble 
and acetic acid-soluble calcium was approxi
mately equal in the hvo soils in the A,, A,, 
and B horizons. The total calcium was higher 
in the virgin soil than in the grove below 12 
inches. The fraction of' the total calcium 
soluble in acetic acid was generally higher in 
the grove soil than in the virgin soil. Also 
the fraction acid-soluble increased with depth 
in the grove soil but decreased with depth in 
the virgin soil. 

While the grove culture, particularly the 
application of fertilizer, _ has raised the cal
cium content of the Ao, A1 and A,, it has had 
no effect below these layers. The water-soluble 
and acetic acid-soluble calcium is essentially 
the same in the two soils below 12 inches. 
The difference in total calcium below' 12 
inches probably was an initial difference in 
the two soils. 

Magnesium. The water-soluble magnesium 
content of the virgin soil was low at all depths. 
There was no layer of high solubility. With 
the acetic acid extraction on the other hand 
the magnesium content of the A1 was high 
and decreased with depth through the A, 
layer. It was high again in the B horizon, even 
higher than in the surface three inches. There 
was no similarity between the relative amounts 
extracted from the various layers with water 
and acetic acid. 

The total magnesium c·ontent of the virgin 
soil showed still another pattern of distribu
tion. While it was relatively constant through
out the A horizon, the B horizon contained 
about three times as much total magnesium 
as the A. 

The amounts of water-soluble magnesium 
in .the different depths of the A horizon in 
the grove soil were quite different. As with 
most of the other elements the Ao layer con
tained the most magnesium. There was about_ 
one fourth as much water-soluble magnesium 
in the A, layer as in the A0• The water-soluble 
magnesium was low in the A2, A,, and A, but 
higher again in the B. The acetic acid-soluble 
magnesium decreased steadily from the A0 

through the A, and was only slightly higher 
in the B horizon. 

The total magnesium was highest in the A0 

layer of the grove soil and decreased rapidly 
to the A, layer. The A, and A. layers con
tained about the same amounts and the B 
horizon contained about twice as much as 
the A, and A, layers. The general pattern of 
distribution was similar with all methods of 
extraction but the relative portions of the 
total soluble in acetic acid was very different 
at the surface and in the B horizon. In both 
the A, and A, layers nearly half of the total 
magnesium was soluble in acetic acid. In the 
B horizon, on the other hand, the soluble frac
tion amounted to less than one tenth of the 
total. 

By all methods of extraction the Ao and A, 
layer of the grove contained more' magnesium 
than the virgin soil. However, the acetic acid
soluble magnesium was low in the grove soil in 
the A, layer and below the virgin soil cpn
tained more total magnesium from the A, 
layer down. The abrupt rise in the water
soluble magnesium in the grove soil -in the 
B horizon when there was none in the virgin 
soil suggests that although magnesium movtid 
in this :Soil once it got below the acc11miilated 
organic matter in the surface layers it was 
not retained by the soil but washed out with 
the excess water. The fraction of the total 
magnesium soluble in acetic acid was much 
higher in the grove Ao, A,, and A, layers than 
in the virgin but below the A2 both soils were 
the same. ' 

A small reserve of available magnesium has 
been accumulated in the top six inches of the 
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grove soil. Not only did the grove soil con
tain more magnesium to this depth but the 
magnesium was more solubl~. The water
soluble magnesium was the only fraction af
fected by the grove culture below six inches 
and this was such a minor fraction that it was 
unimportant. There are two reasons for the 
relatively small build up of magnesium c<?m
pared . to calcium and phosphorus. In the first 
place it was only recently that magnesium was 
included in fertilizer for avocados and second
ly in this soil magnesium was almost as sol
uble as potassium. 

Copper. Copper was not detectable in the 
virgin soil. In the grove soil measurable 
amounts were extracted with acetic acid from 
the A0 , A,, and A2 layers. The amounts found 
decreased very rapidly with depth. It was 
possible to detect total copper only in the Ao 
and A, layers. This is somewhat inconsistent 
with the results of the acetic acid extract but 
probably was the result of the lack of sensi
tivity of the method. The soil extracts for total 
analysis were more dilute than the acetic acid 
extracts and contained more of the other ele
ments which might interfere with the copper 
determination. 

The accumulation of copper from spray 
residues and fertilizer in this soil amounted to 
approximately 850 pounds per acre. Further
more, it was concentrated in the acid zone of 
the soil where it would be most readily avail
able. Still no damage to the trees could be 
seen. One of the first symptoms of excessive 
copper in the soil is iron chlorosis and none 
was observed in this grove. The extremely 
high phosphorus content of the soil layers in 
which the copper was concentrated may have 
prevented injury since . phosphates decrease 
copper availability ( 7, 30). 

Manganese. Manganese soluble in acetic 
acid was detectable in all layers from the 
virgin soil. It was highest in the surface three 
inches and relatively uniform below that 
depth. The total manganese was also highest 
at the surface . layer and relatively constant 
through the remainder of the A horizon. It 
increased again in the B horizon but was only 
two-thirds as high as in the A, layer. Rough
ly, ten percent of the total manganese was 
· soluble in acetic acid. 

In the grove soil the acetic acid-soluble 
manganese wa~ highest in the A. layer with 

somewhat more than half as much in the 
A,. Below the A, the pattern of distribution 
was irregular. The distribution of total man
ganese was somewhat more orderly. The 
highest concentration was at the surface, it 
decreased sharply to the A, and increased 
again in the B horizon. 

Except for the formation of the Ao layer 
with a fairly high concentration of manganese 
there was little difference between the virgin 
soil and the grove soil. The patterns of dis
tribution and the amounts found were the 
same. No great amount of manganese has 
been added to this grove and it appears that 
the virgin soil was quite well supplied with 
this element. 

Iron. Only the total iron was run on the 
samples fro{n these two locations. The iron 
content of the A horizon of the virgin soil 
was uniform. The B horizon contained ap
proximately ten times as much as the A. In 
the grove soil the iron content followed the 
pattern of distribution of most 'of the other 
elements. It was very high in the Ao, de
creased rapidly to the A2 layer, was constant 
through the remainder of the A horizon and 
increased again in the B. While the grove soil 
was much higher in iron in the A. and A, 
layers than the virgin soil below this depth 
they were the same in the A horizon. In the 
B horizon the virgin soil contained twice as 
much iron as the grove soil. 

The accumulated iron in the grove soil 
probably came from an impurity in the fertili
zer since the iron content of avocado leaves 
is too low to account for such a large build 
up. As with most of the other elements the sig
nificant change in the iron content was limited 
to the top three inches of soil. 

GENERAL CONCLUSIONS 

The level of plant nutrients in the . vugm 
sandy soil was very low. While this soil con
tained sufficient calcium and magnesium for 
normal plant growth, even these ele•inents 
were present in very, small quantity consider
ing its limestone origin. Manganese was the 
only element in the virgin soil which was 
relatively high. The pattern of distribution 
was the same for nearly all of the elements. 
Relatively high concentrations were found in 
the surface three inches where the plant nu
trients were released as leaves and dead plants 
decomposed. The concentrations of plant nu-



MALCOLM: AVOCADO CULTURE 323 

trients dropped abruptly to a low uniform 
level below · three inches or decreased with 
depth through the A horizon. There was an 
increase again in the B horizon. Differences in 
the total quantity of any element were often 
not reflected in similar . changes in the water 
or acetic acid-soluble fractions . 

Thirty-five years of avocado grove culture 
have brought about marked changes in this 
sandy soil. Perhaps the most significant 
change was the accumulation of an acid or
ganic layer above the surface of the mineral 
soil which contained high concentrations of 
most of the elements required for plant 
growth. All of the changes, which could be 
traced, were greatest near the surface and 
diminished with depth. Most of the changes 
in the soil took place in the top six inches. In 
most cases the Ai and A, layers were alike in 
composition as well as in appearance. Gen
erally, the total and soluble fractions of each 
element showed similar patterns of distribu-_ 
tion in the grove soil. 

Phosphorus was the only element which 
moved in the grove soil to any significant ex
tent and was retained at the lower depths. 
The total phosphorus content of the B horizon 
of the grove soil was twice as high as the total 
phosphorus content of the B horizon of the 
virgin soil. 

In contrast, the B horizon of the virgin soil 
contained twice as much total calcium, mag
nesium, manganese, and iron as the grove soil. 
If the acetic acid-soluble potassium is de
ducted, the B horizon of the virgin soil also 
contained twice as much total potassium as 
the grove soil. The consistency of this rela
tionship, with so many elements required in 
such different amounts by the trees, and ap
plied in such different quantities in the fertili
zer, is strong evidence that the B horizon of the 
virgin soil originally contained approximately 
twice as much of these elements and that 
this difference was not the result of the grove 
culture, 

Where the amount of each element was 
increased as a result of the grove practices 
the fraction of the total which was readily 
soluble also increased. There are several rea
sons for this. The fertilizer salts applied to the 
soil are more soluble than the soil minerals. 
The elements contained in the leaves which 
fall are also more easily extracted . than those 

in the mineral fraction of the soil, Since there 
was a large accumulation of organic material 
an increase inthe soluble nutrients results. The 
elements held by exchange, either by the or
ganic matter or the clay fraction in the B 
horizon, are also easier to extract than those 
combined in the soil minerals. 

The implications of this investigation are 
not limited to this particular grove and soil. 
Similar accumulations of nitrogen, phosphorus, 
and copper can be expected in other groves. 
vVhen included in the fertilizer, magnesium, 
manganese, and iron can also be expected to 
accumulate. Accumulations of organic matter 
are evident in other groves where similar con
ditions exist. Since no substantial reserve of 
potassium was built up, regular maintenance 
applications of this element are required. The 
shallowness of most Rockdale soils . is prob
ably not a serious disadvantage so far as 
fertility is concerned since most elements ap
plied in fertilizers are held in the first six 
inches of soil. Furthermore, even in this deep 
sandy soil, the highest concentration of roots 
was observed in the top three inches of the 
mineral soil. 

Although no symptoms of injury were ob
served in this grove the accumulation of very 
large amounts of readily soluble phosphorus 
and copper suggest that these elements should 
be used more sparingly if eventual serious con
sequences are to be avoided. 
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Some difficult to root species have been 
successfully rooted with the important ad
vancement of mist propagation techniques. 
Sharpe (4) reported successful results in root
ing softwood cuttings of peach under mist, 
using as a media a mixture of peat and Per
lite. The loss of potassium from the foliage 
of the peach cuttings rooting under mist 
brought out in this work, extends the observa
tions of many workers ( 1, 2, 3) that nutrients 
may be lost from the foliage during rainfall 
or under mist propagation units. The potas
sium loss appeared to be the most critical of 
the major elements ( 3). This paper reports 

further studies on potassium nutrition of 
peach cuttings under mist. 

MATERIALS AND METHODS 

Cuttings of peach were obtained when new 
shoots were long enough to make two 6 to 8 
inch cuttings. The terminal and subterminal 
portions were used equally in all lots. Cuttings 
were obtained in several tests to compare 
fertilized and check trees of Jewel, FV 234-1 
and Okinawa peach, the latter two being of 
special interest as rootknot resistant stocks. 
Leaves were analyzed before and after mist 
to determine the percentage of potassium, using 
flame photometry. Dry weight determinations 
were made before and after rooting, for use 
in calculating losses of K from the foliage. 

Intermittent mist was maintained during 
daylight hours with a cycle of 8 seconds on 
and 52 seconds off. It was turned completely 
off at night. 

Flats with g.Jod drainage were filled with 
two grades of Perlite and mixtures of Perlite 
and peat at different percentages, ( Table 2) . 
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The particle size within each grade of Per
lite was designated as follows: Perlite #8, J~ 
inch mesh or larger; Perlite #30, J~ to 1/30 
inch mesh. · 

lndolebutyric acid at a concentration of 
1000 ppm. in 5,0% alcohol was applied to the 
base of the cuttings by the concentrated quick
dip method. The cuttings were prepared by 
removing the . bark with a lengthwise cut of 
about one inch along one side at the base. 

Tests involving lighting at night were made, 
using 75 watt bulbs set 24 inches apart and 
at a height of 12 inches above the cuttings. 
The lights were turned on from 6 P.M. to 7 
A.M. each night. 

Potassium sulfate was applied to stocks at 
rates of 150 and 300 pounds per acre on June 
25 and again on July 24. Cuttings from those 
stocks were made on July 20 and August 21. 

Rooting was determined after 25 days under 
mist, both as percentage rooted and by the 
following score for vigor of rooting: 

5-Very heavily rooted-IO or more roots 
over 2 inches long. 

4.-Good rooted-6 or more roots over llf 
inch long. 

3.-Medium rooted-6 or more roots )f to 
rn inch long. 

2.-Poor rooted-2 or more roots less than 
)f inch long. 

1.-Non-rooted-callus formation without 
roots. 

All treatments and tests were replicated 
several times and data analyzed by analysis 
of variance methods. 

RESULTS AND DISCUSSION 

Position of cuttings-In each replication, 
rooting score was determined after 25 days 
under mist, as recorded in Table I. Substan
tial cuttings sho\ved more vigorous rooting 
and slightly better overall percentage of root
ing with differences significant at the .01 
level. 

TABLE # 1. EFFECT OF POSITION OF aJTTING ON ROOTING 

Date of Plant· Terminal Sub-terminal 
Taking Material Rooting 
Cutting Score 

7/20 Jewel, 234-1 3.26 

8/21 Jewel 2.68 

8/21 Okinawa 2.87 

Effect of media-Of the media used, Per
lite #8 alone gave inferior results ( Table 2). 
The other seven media showed no significant 
difference between them in rooting. It may 
be noted that the Perlite #8 was the coarsest 
media and held less water than any of the 
other mixes. 

Supplemental light-Night lighting as used 
in the experiment, did not improve rooting 
( Table 3). The light intensity was probably 
insufficient for effective photosynthesis, and 
apparently had no benefit of a photoperiodic 
nature. It had no appreciable effect on 
changes of dry weight or potassium level in 
foliage. 

Percentage Rooting Perc·entage 
Rooted Score Rooted 

97 4.07 97 

75 3.30 90 

93 3~92 98 

Potassillm fertilization of stocks-No signi
ficant difference in rooting of cuttings from 
the potassium fertilized stocks was found 
( Table 4). It should be noted that potassium 
levels were not very low in any of the ma
terial, however. There was some evidence 
( Table 3) that potassium level could be fair
ly low without affecting rooting. In the June 
lot of cuttings, the levels were 0.86% K after 
25 days in mist, yet rooting was excellent. 

Seasonal comparisons-Perhaps the most in
teresting data of this experiment are the sea
sonal comparisons showing rooting, dry 
weight changes, and changes of potassium in 
the foliage (Table 5). Rooting percentage 
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and quality were best in the first lot of cut
tings taken in June and became progressively 
poorer in July and August. Even more striking 
are the figures showing change in dry weight 
of leaves, which ranged from an increase· of 
34% during, 25 days under mist in the first lot 
to a decrease in the last lot. Using the dry 
weight changes to calculate the estimated 
losses of K from the foliage show that there 
is increasing loss of K as the season pro
gresses. 

The reason for these striking changes dur
ing the season are probably not due to age of 

foliage at time of sampling. While no careful 
measurements were made, the shoots were 
growing rapidly during the season and it is 
believed that th~ cuttings were of comparable 
age material. It is suggested that the decreas
ing day lengths may be an important factor af
fecting these changes. That this would be an 
overall effect rather than a photoperiodic ef
fect was indicated from the tests. of lighting. 

SUMMARY 

The results of the studies on rooting cuttings 
of peach under mist showed that subterminal 
cuttings rooted slightly better than terminal 

TABLE # 2. EFFECT OF :MEDIA ON ROOTING AND K · CONTENT OF FOLIAGE. 

MEDIA : Rooti"lg Percent ~ K in FoliaP,e 
% by Volume: Score Rooted Original After 25 days 

Source Mixture 

Perlite # 8 2.96* 7T,} 2.10 1.24 
Perlite # 8-Peat(75-25) 3.67 93 2.09 1.26 

It II " (50-50) 3.54 94 2.06 1.27 
If II II (25-75) 3.76 95 1.87 1.11 

Perlite #30 3.67 95 2.08 1.22 
Perlite #30-Peat(75-25) 3.70 95 2.06 1.23 

If II II (50-50) 3.27 96 1.84 1.15 
II II II (25-75) 3.44 95 1.87 1.15 

* Difference is si~ificant at 5% level. 

TABLE # 3. EFFECT OF LIGHT ON ROOTING AND K CONTENT OF FOLIAGE. 

DATE OF 
TAKING 
CUTTINGS 

6/22 

7/20 

8/21 

9/26 

:' 24 Hours 
Light 

Rooting· Rooted 
Score % 

3.90 98 

3.46 84 

3.55 91 

3.40 84 

Normal 
Light 

Rooting Rooted 
Score % 

3.77 100. 

3.49 91. 

2.91 85. 

J.88 100. 

% Kin Foliage 

Original : After 25 days 

1.64 

2.41 

2.39 

:24 hrs: Normal 
:Light Light 

0.88 0.86 

1.41 1.47 

1.35 1.45 
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TABLE# 4. EFFECT OF POTASSIUM LEVEL OF STOCK ON ROOTING • 

: . . . . DATE OF . Stock . Rooting % Kin foliage TAKING . . 
Treatment . . 

CUTTINGS .• . . Score . % . Original After 25 dayg . . . 
7/20 CK 3.65 92 '2.33 1.45 

Kl 3.67 91 2.25 1.40 

K2 3.67 96 2.43 1.46 

8/21 CK 2.94 85 1.97 1.17 

Kl 2.94 82 2.24 1.06 

K2 3.10 82 2.30 1.24 

TABLE# 5. ROOTING, DRY WEIGHT CHANGES, AND ESTIMATED LEACHING AND 
TRANSLOCATION LOSS OF K FOR THREE DATES. 

DATE OF Rooting % Kin foliage % dry' :Estimated 
TAKING 
CUTTINGS Score . ~ Orig • . 

6/22 ·.3.69 98 1.64 

7/20 3.66 95 2.27 

8/21 3.00 88 2.17 

cuttings. Of the media used only the coarse 
perlite alone was found to result in inferior 
rooting. Night lighting did not give improved 
rooting for the season of June to September 
when cuttings were set. Potassium fertilization 
of stocks did not affect rooting. 

It is suggested that the decreasing day 
lengths as the season progresses appeared fo 
be directly correlated with the dry weight 
changes and loss of K from the foliage. 

. . _weight chg. % Kloss 
After 25 days of foliage 

0.89 + 34 ·0.33 

1.43 + 12 0.60 

1.29 3 0.95 
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SOME EFFECTS OF NITROGEN, PHOSPHORUS 
AND POTASSIUM FERTILIZATION ON THE 

GROWTH, YIELD AND FRUIT QUALITY 
OF PERSIAN LIMES 

SEYMOUH GoLo~VEBEH, MANLEY Boss, 

AND S. JOHN LYNCH 

University of Miami 

Coral Gables 

A paper published before this society in 
1953 reported some effects of nitrogen, phos
phorus and potassium fertilization on the con
stituents of Persian lime fruits ( 3). At that 
time, the first full crop year, the harvest had 
not been completed for the year, therefore no 
yield data were available. At this reporting, 
complete yield records for the crop years of 
1953, 1954, and 1955 are available and are 
used in this paper. In addition to yield data, 
yearly growth records from 1951 to 1956 have 
been compiled and are herein reported. 

Citrus responds to fertilization on the oolitic 
limestone soils of South Florida. Nitrogen has 
been found to have a strong effect on tree 
growth, yield, ·and quality of citrus fruit ( 6, 
8 & 9). Heavy nitrogen fertilization increased 
tree growth and yield; however, it decreased 
citrus fruit size, and also tended to depress 
slightly the soluble solids of the juice in some 
years (5). 

The effect of phosphorus on citrus trees has 
been difficult to measure in field trials, except 
where deficiencies occurred. In California, the 
responses of citrus trees to phosphate fertiliza
tion were conspicuous. Phosphate applications 
increased yields and reduced fruit sizes ( 1 & 
2). Malcolm ( 4) reported that in groves 
where a · relatively low and uniform supply of 
water soluble phosphorus was maintained, 
trees were in excellent condition. In areas 
where a high water soluble phosphorus level 
was maintained, the trees showed no evidence 
of injury, but showed no benefit. 

The exact roll of potassium is not known in 
plant nutrition. Citrus trees exhibit a marked 
response to varying levels of this nutrient. 

Sites ( 7) reports that under field conditions 
a potassium deficiency in the Duncan grape
fruit depressed growth, produced small fruit, 
and decreased soluble solids, citric acid and 
vitamin C. The acid content of the juice in
creased, and the solids/acid ratio decreased 
in fruit produced by trees supplied with pot
ash applications ranging up to 10 per cent 
in the fertilizer mixture. A low rate of potas
sium fertilization produced a high proportion 
of early maturing, well colored, small citrus 
fruit having a relatively high total soluble 
solids content of the juice and a low total 
acid· (6). 

EXPERIMENTAL METHODS 

The data contained in this report are a 
continuation of the investigations initiated in 
1950. The report presented before this Society 
in 1953 covered experimental design, ·analyti
cal methods, and preliminary findings ( 3) . 
The fertilizer tests . on the ldemore variety 
have been discontinued, and this paper deals 
with data on Persian limes. 

Nitrogen, phosphorus, potassium and cal0 

cium analyses of lime juice have been discon
thmed, but the levels of these elements in the · 
tree as represented by foliar analysis will be 
investigated and reported upon at a later date. 

Increases in trunk growth between the years 
1951 and 1956 were obtained by measuring 
the trunk circumferences in inches, using a 
flexible steel tape, at a permanently marked 
level on the trunk. These measurements were 
then converted to transverse area. Tree con
dition was estimated by giving a relative value 
from 1 to 10, for each treatment, with respect 
to the tree size. Another similar value was 
given with respect to depth of green color 
in the leaves and foliage density. 

The rate of application of fertilizer has in
creased with tree_ size. Interval of application 
is continuing at ·60 days, at the present time. 
Magnesium calculated as Mg0, has been in
creased to 4 per cent in all fertilizer mixes. 
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EXPEIUMENTAL RESULTS 

Per Cent of Juice in Fmits, 1956 Crop: Iri
crease in fertilizer nitrogen levels resulted in 
an increase in the percentage of juice in the 
fruit (Table 1). A greater difference in per 
cent juice occurred between the 2 to 4 per 
cent nitrogen levels than between the 4 to 
6 per cent levels. High nitrogen levels seemed 
to be most effective when coupled with high 
potassium levels. 

Heavier applications of potassium also 
favored increases in per cent juice content, 
but to a much lesser degree than nitrogen. At 
present no effect of phosphorus can be ob
served. 

Soluble Solids, 1956 Crop: Higher nitrogen 
levels seemed to cause an increase in per 
cent soluble solids (Table 1). Potassium had 

the opposite effect in that the higher the 
potassium level, the lower the percentage of 
soluble solids. Again, phosphorus seemed to 
have no effect on this juice constituynt. 

Titratable Acid, Solids/ Acid Ratio, 1956 
Crop: Titratable acid was apparently in
creased with increasing nitrogen levels and 
especially so when coupled ,vith high potas
sium (Table 1). Increasing levels of potassium 
also yielded a positive increase in titratable 
acid. Phosphorus seemed to be ineffective on 
the percentage of titratable acid in lime juice. 
Variation of nitrogen, phosphorus, and potas
sium levels in fertilizer application did not 
show any observable changes in the solids/ 
acid ratio of lime juice. 

Number of . Fmit Per Tree ( 1953-54-55 
Crops): An increase of nitrogen in the fertili
zer generally results in a marked increase in 

TABLE I. EFFBJTS OF FERTILIZEh TRFJ..TEENTS ON SOHE 
COHSTITUE!ITS OF fEP.SIAN LH1E FRUIT. (1956 Crop) 

TREATMENTS JUICE BY WT. I SOLUBLE SOLIDS TITR.ATABLE ACID SOLIDS 

ACID 

NPK % % % ,Ratio 

2-6-0 45.8 10.2 5.6 1.8 
2-9-3 47.7 9.4 5,8 1.6 
2-0-6 50.0 9.6 5.9 1.6 
2-6-6 47.2 9.4 5.9 1J, ,. 

2-3-9 46.2 9.6 5.7 l,7 
2-9-9 51.4 10.2 6.0 1.8 

4-9-0 . 51.8 9.9 5.4 1.8 
4-9-3 51.9 10.2 5.9 1.7 
4-6-6 53.8 10.2 5.8 1.7 
4-0-9 54.3 9.9 6.J 1.6 
4-.3-9 51.2 9.5 5.9 1.6 
4-9-9 49.6 10.2 5.8 1.8 

6-3-0 51.4 10.2 5.4 1.9 
6-6-0 53.2 10.2 5.9 1.8 
6-9-3 5.3.6 9;9 5.9 1.7 
6-0-6 5.3.2 10.5 6.3 1.7 
6-6-6 55.5 9.8 6.2 1.6 
6-3-9 55.6 9.9 6.1 1.6 

' 
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the number of fruit per tree (Table II). Ap
proximately 100 per cent increase in fruit 
number occurred between the 2 to 4 and 4 
to 6 per cent_ nitrogen levels when the phos
phorus and potassium levels were held at 9 
and 3 per cent respectively. Increased levels 
of potassium also yielded a greater number of 
fruit per tree. The most positive results of 
fruit number from potassium effect were ob
tained when comparatively high nitrogen 
levels were present. Variations of phosphorus 
levels in the fertilizers produced no conclusive 
results on fruit number. 

Fruit Yield Per Tree (1953-54-55 Crops): 
Total yield was greatest with high nitrogen 
levels (Table II). Generally, the yield in
creased from approximately 75 to 300 per 
cent with each 2 per cent increment increase 
in nitrogen fertilizer level. Increasing levels 

of potassium also resulted in higher yields. 
The 6 and 9 per cent potassium fertilizers 
generally increased production 50 to 125 per 
cent over 0 per cent levels. Phosphorus fertili
zation seemed to show no consistent yield in
crease. 

Individual Fruit Weight ( 1953 - 54 - 55 
Crops) : Variations in the levels of nitrogen 
fertilizers evidenced no conclusive results as 
to effects upon individual fruit weight (Table 
II). Heavier fruit were obtained, however, 
with increased potassium fertilization. High 
levels of potassium produced the greatest re
sults when coupled with high levels of nitrogen 
and phosphorus. Phosphorus fertilization in
creased the individual fruit weight slightly. 

Growth and Tree Condition: The rate of 
growth as represented by per cent increase in 
transverse area of tree trunks between the 

TABLE II. EFFECTS OF FEhTILI~ER TREAWENTS ON YIELD, GRO'l iTH, 
AND TREE CONDITION OF PEliSIAN LHiFS • 

1953 - 54 - 55 % TRUNK TREE COND., 1-10, 1956 

AVG. /TREE/YR. AVG. WT. AREA RELATIVE RELATIVE 
TREAT· NO. OF YIELD PER FRUIT INCREASE 

SIZE LEAF COLOR 
I.'ENTS FRUITS IN LBS. IN 113.5. 1951- 56 

NP K 

2-6-0 58 11.14 0.19 723 3.8 4.7 
2-9-3 107 22.56 . 0.21 663 4.8 5.0 
2-0-6 134 31.56 0.24 509 5.0 6.o 
2-6-6 100 21.29 0.21. 661 4.3 4.5 
2-3-9 51 10.39 0.20 575 4.7 6.0 
2-9-9 372 26.42 0.21 691 4.8 6.7 ., 

4-9-0 381 27.81 0.22 780 7.0 7.2 
4-9-3 624 39.87 0.19 682 5.3 5.5 
4-6-6 1200 77.14 0.19 835 7.5 8.0 
4-0-9 456 31.85 0.21 401 3.5 9.0 
4-3-9 699 48.88 0.21 1055 3.8 3.5 
4-9-9 636 45.46 0.21 748 6.0 7.2 

6-3-0 729 43.55 0.18 869 8.2 9.5 
6-6-0 492 30.97 0.19 912 8.8 9.5 
6-9-3 1239 78.42 0.19 1600 8.0 9.0 
6-0-6 744 50.18 0.20 821 2.3 4.2 
6-6-6 966 69.71 0.22 999 7.8 8 • .3 
6-~-9 975 67.09 0.21 670 6.8 9.0 
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years 1951 and 1956 was greater with the 
higher levels of nitrogen in the fertilizer 
( Table II). Generally the rate of trunk 
growth increased approximately 15 per cent 
with each 2 per cent nitrogen increment in
crease depending upon phosphorus and potas
sium levels. A greener leaf and a relatively 
greater tree size were also the results of higher 
nitrogen fertilization. Higher levels of potas
sium seem to have a depressant effect on 
trunk growth, relative tree size, and leaf 
color. However, field observations have shown 
marked die-backs all the way to major branches 
in O per cent potassium levels. This was es
pecially noted in the concomitant high nitro
gen levels: Increases in phosphorus levels 
seemed to increase trunk growth and relative 
tree size as much as nitrogen, but did not 
seem to affect leaf color. 

DISCUSSION 

The general trends of fruit composition and 
fruit weight resulting from fertilizer variations 
were observed with the first crop year in 1953. 
Subsequent observations during the succeed
ing years have confirmed many of the initial 
findings. Fruit h:1rvested from the 1956 crop 
year have shown the importance of moderate 
to high nitrogen fertilization. Per cent juice, 
soluble solids, titratable acid, number of fruit, 
and total yield were increased with higher 

. levels of nitrogen. However, the greatest dif
ferences between any two levels of nitrogen 
generally occurred between the 2 to 4 per 
cent applications. It was quite evident from 
tree condition, tree size, and fruit yield that 
fertilizing at the 2 per cent nitrogen level was 
decidedly uneconomic. Not only is the fruit 
yield too low to be considered practical, but 
tree loss, heavy incident of dead wood, and 
general poor ;ppearance of the fruit were 
further evidence that this low nitrogen range 
is only of academic interest on the oolitic soils 
of Dade County. 

General fruit composition and production 
were also favorably affected by increased 
levels of potassium fertilization. Observations 
indicated that high levels of this nutrient, 
coupled with high nitrogen, are necessary for 
maximum production. 

The present fruit composition and yield 
data have shown no conclusive effects from 
phosphate fertilization above the 3% level. This 
finding is of both practical and academic in-

terest when it is considered that the test trees 
are now six years old. 

An interesting observation on the aspect 
of limiting factors may be noted in Table II. 
The absence of phosphorus or potassium usual
ly results in comparatively low yields. 

Tree growth and tree condition were di
rectly affected by variations in nitrogen, 
which, of course, shows the importance of this 
nutrient in the South Florida grove soils. The 
great increase in growth and better tree con
dition which resulted from each additional 
increment of nitrogen seems to indicate, at 
present, that optlmum nitrogen levels have 
not been approached. 

The present positive effect of phosphorus 
on tree growth and its ineffectiveness on fruit 
composition and yield seems an apparent 
anomaly. Continuing field observations and 
data will be necessary to resolve this ques
tion. Also, the present depressant effect of 
increased potassium on tree growth and con
dition will be assured only with time. The 
possibility of a detrimental chloride effect 
from muriate of potash should not be over
looked. 

SmtMARY 

Nitrngen level increases (2%-4%-6%) in the 
fertilizer treatments of Persian limes on oolitic 
limestone soils resulted in increases in per 
cent juice, soluble solids, and titratable acid in 
fruit, but had little effect on the solids/acid 
ratio of the juice. ThP same nitrogen varia
tions resulted in increased number of fruit 
per tree and total yield, but did not affect 
individual fruit weight. Also, the rate of 
growth, relative tree size, and general leaf 
color were increased by increasing nitrogen. 

Phosphorus level increases ( 0%-3%-6%-9%) 
in the fertilizer treatments on Persian limes on 
oolitic limestone soils had no observable ef
fect on per cent juice, soluble solids, titratable 
acid, or solids/acid ratio in the fruit. How
ever, phosphorus level did affect positively 
trunk growth and relative tree size of the 
Persian lime trees under treatment. Increas
ing phosphorus levels did . not increase the 
number of fruit per tree 'or total yield of fruit. 

Potash level increases ( 0%-3%-6%-9%) in the 
fertilizer treatments of Persian limes on oolitic 
limestone soils increased per cent juice and 
titratahle acid, but decreased soluble solids 
of the fruit. Increasing levels of potassium in-
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creased the number of fruit per tree, _total 
yield, and· individual fruit weight of Persian 
limes. Potassium seemed to have a depressant 
effect on trunk growth, relative tree size and 
leaf color. 
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MIST PROPAGATION OF ROSES 
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Gainesville 

It is estimated that more than three million 
rose bushes are planted in Florida each year. 
Most of these are shipped as dormant plants 
from rose production centers in other regions 
of the United States. Locally produced rose 
plants grown in containers are increasing in 
importance as a Florida nursery item, and are 
beginning to supply some local markets with 
blooming specimens at seasons when dormant 
plants are not available. 

While many of the roses now sold in con
tainers are produced simply by rooting stem 
cuttings of older varieties that are known to 
grow successfully on their own root, others of 
the newer varieties are being produced by 
graftage ' on young container-grown stock 
plants. Where roses produced in this way 
have b_een maintained in good health-free of 
blackspot and crown gall diseases-customers 
have been pleased with the ease of estab
lishing them in suitable garden locations. 

This report is presented to describe a modi
fied procedure in producing grafted container
grown roses which has given generally good 
results in recent trial at Gainesville and which 
would seem to warrant further testing else
where. 

The change suggested is one of combining 
the production of a stock plant and the graft
age of a scion variety in one operation; this to 
replace the procedure of rooting a stem cutting 
of the stock variety, establishing it in a con
tainer, then grafting a scion bud in the shank 
of the young stock plant. The advantages of 
the suggested change would seemingly in
clude: shortening the time required to produce 
a saleable grafted rose plant and reducing 
the number of special handling operations. 

Leafy, greenwood stem cuttings of many 
rose varieties have been observed to form , 
wound calluses readily and to produce roots 
in well aerated media when the foliage is kept , 
moist with a spray of water mist and exposed 
to full daily sunlight. Experience in rooting 
stem cuttings under constant mist of eight 
roses which are being tested as rootstock is 
reviewed in Table 1. Species or varietal dif-

TABLE 1: PROPAGATION OF LEAFY, SOFl'WOOD STEM CtmINGS UNDER MIST. 
/ 

Rosa 
( rootstock materials ) 

l) R, multiflora 
2) R, odorata. 
3) Var. 'Eugene E. Me.rlitt' 
4) Var, 'Dr, Huey' 
5) .R. fortuneana. 
6) Var. 'Mme. Plantier' 
7) R. banksiae norma.lis 
8) !· ba.nksiae albaplenn 

Rooting 
time 

veeks: 
2-4 
3-5 
3-5 
3-5 
4-6 
4-6 
4-6 
5-7 

Percent 
rootiug 

- ~ 

90 - .100 
8o - 100 
8o - 100 
8o - .100 
75 • 100 
75 - 100 
60 - 90 
50 - 75 
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TABLE 2: RESULTS IN PROPAGATION OF 'HAPPINESS' (HT) and 'SPARTAN' (Fl) ROSES. 

Rootstock 
Sc:ion'variety' 

Date propa
gation begun, 
10 of each 
started, 

Number of plants surviving 

Date: 
9-25·5~ 10-18-56 11-5-56 

I. Scion (bud) inserted at time cuttings of stock stems were taken: 

R. odorata 
-•Happiness' 

'Spartan' 

Var. 'Dr. Huey' 
'Happiness ' 
'Spartan' 

R. fortuneana 
'"'.'•Happiness' 

'Spartan' 

Ver. 'Eugene E~ Marlitt' 
'Happiness' 
'Spartan' 

R. mul tiflora 
-•Happiness' 

Var. 'Mme; Plantier' 
'Happiness ' • 

fl• banksiae albaplene. 
'Happiness ' 

·R. banksiae normalis 
- .,,Happiness ' 

7-19-56 
7-19-56 

7-19-56 
7-19-56 

7-19-56 
7-19-56 

7-31-56 

7-31-56 

7-31-56 

7-31-56 

10 
10 

10 
9 

10 
10 

9 
10 

10 

10 

6 

4 

9 
8 

10 
8 

10 
9 

7 
9 

10 

10 

1 

0 

II. Scion (bud) inserted in container-grown rootstock pl'Opagated May 1956: 

R. multiflora 
-•spartan' 

Var. 'Mme. Plantier' 
'Spartan' 

R • banltsiae albaplena 
'Spartan' 

R. banltsiae normalis 
-•Spartan' 

III. Own root - not grafted: 

'Happiness ' 
'Spartan' 

1-20-56 

1-20-56 

7-20-56 

7-20-56 

7-19-56 
7-19-56 

10 

2 

l 

7 

10 
10 

8 

2 

0 

7 

10 
10 

9 
8 

10 
8 

10 
6 

7 
9 

9 

10 

. 1 

0 

8 

2 

0 

7 

,9 
10 
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ferences in the nw11ber of cuttings forming a 
satisfactory root system wider mist seems re
lated to the time required for roots to develop. 
Rooting percentages of the varieties which re
quire four weeks or longer to produce root 
systems suitable for transplanting to individual 
containers have been increased by supplying 
nutrient solution to the foliage once each 
week during the period of exposure to water 
spray. It seem likely that rooting percentages 
of these varieties would also be increased by 
use of an intermittent spray in place of the 
con tinuous mist employed here. 

The results of an experiment in propagating 
the red-flowered Hybrid Tea variety 'Happi
ness' and the orange-flowered Floribunda va
riety 'Sprutan' are shown in Table 2. \Vith six 
of the eight rootstock materials tested the re
sults obtained by inserting a cion bud cov
ered by a waterproof wrap a t the time the 

I. Leary, greenwood s tems of the rootstock variety 
(about the diameter of a pencil) were cut in 12" to 
14" lengths-plant materials kept moist during 
preparation . 

2. Foliage ren1oved fro1n the basal 6" leaving a t 
least three leaves at the top of th e cutting. 

3. Dormant buds in the axil of each of tbe leaves 
removed are damaged to reduce later formation of 
"suckers'' or rootstock sprouts below the graft union . 

4. A clean, sloping cut made at the base of the 
cutting with a sharp knife. 

stock cuttings were prepared for rooting 
(group 1, Table 2. ) are comparable or in 
some instances superior to the results ob
tained by grafting stock plants established in 
individual containers, as judged by the num
ber of grafted plants obtained i this experi
ment and in other earlier effort's to propagate 
these two scion varieties on various rootstocks. 
Graft unions on the two BANKS ROSE va
rieties form more reliably on sb·ong stock 
plants than on stem cuttings under mist. 

Stem cuttings of the two scion varieties were 
found to develop roots readily (group 3, Table 
2) . The performance of these two varieties 
when grown on their own root is to be meas
med along with several graft combinations in 
a futuxe te t. 

The modified procedure used in producing 
plants noted in group 1. Table 2 is iJJusb·atecl 
and is further described in seq 1ence below. 

5. A dormant, healthy bud from the scion variety 
cut to fit chip removed from side of the stock cut
ting. 

6. Bud placed in stock so that cambial layer of 
the scion brought in contact with that of the stock, 
a t least on one side. 



7. A spiral wrap formed with a strip of clear 
polyethylene plastic, used to cover the scion and to 
hold it in place until graft union is complete, also 
served to prevent water from mist spray entering 
the wound area. 

8. After the polyethylene wrap secured, the budded 
cuttings arranged in flats containing loose, well aer
ated media-a mixture of 1/3 Florida peat and 2/3 
perlite was used-basal 3 to 4 inches of the cutting 
submerged in rooting media. 

9. 15" x 21" flats, each containing 40 budded 
cuttings, placed under constant mist spray located 
so as to furnish full daily sunlight. 

10. Nutrient solution (high in potassium content) 
applied to foliage once each week of the period of 
exposure to water spray. 

11 . Rooted cuttir.gs removed from flats after suf
ficient roots developed to sustain top growth and 
transplanted to prepared, sterilized soil mixture in 
individual containers. 

12. Potted plants kept near mist spray for three 
days or untii uo wilting occurred when they were 
removed to drier location. 

13. The pol:rethylene wrap punctured to allow scion 
bud to emerge, hut not removed until graft union 
surrounding the bud seen to be completed. 

14. Rootstoclc top growth removed about 
four inches above graft union a fter scion 
shoot begins to develop. 

15 . Polye thylen e wrap removed. 
16. Scion shoot staked and tied to prevent 

wind injury. 
Photographs by H. N. Miller 
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GLADIOLUS BOTRYTIS CONTROL 

R. 0. MAGIE 

Gulf Coast Experiment Station 

Bradenton 

A Botrytis fungus or gray mold. causes a 
destructive disease of gladiolus flowers and 
corms in all areas of the world where the 
plant is grown commercially. Several species 
of Botrytis are reported to attack gladiolus in 
Europe and North America but in Florida the 
only species important on gladiolus is B. gladi
olorum Timmermans. Tulip, narcissus and sev
eral other bulb crops are also attacked by this 
fungus. The disease was reported ( 4) in Flori
da in 1940 and has caused outbreaks of leaf 
blight and flower rot in one or more sections 
of the State each winter since 1942. Losses 
have been heavy at times because infections 
invisible at time of packing may ruin the ship
ment of flowers. 

The relation of weather to the occurrence of 
this disease was studied by McClellan et al 
( 9). Severe infection of leaves and flowers fol
lows cool, rainy weather. The disease becomes 
inactive in Florida during May and June when 
temperatures average above 75° F. and rains 
are infrequent. Infection of corms dug in 
January, February and March is common but 
infrequent in subsequent diggings. Another 
effect of weather found in Florida is that of 
cold weather in activating the fungus after 
about eight months of dormancy. In the south 
half of Florida the disease is never found in 
the fall in spite of heavy rainfall but usually 
appears in December or January. During two 
winters when the temperature in south Florida 
fell below 38° F. only two or three times for 
a total of several hours, the disease never made 
an appearance, although it was present ii1 
north Florida. The first sign of infection usual
ly does not appear until after frost or several 
hours with temperatures below 36-38° F. 
Disease outbreaks can he forecast with con
siderable accuracy. 

During the winter months plantings are in 
all stages of development because weekly 
plantings are made from August through Feb
ruary. The build-up of disease in cut-over 
fields which are generally not sprayed makes 
them a constant threat to nearby fields of later 

plantings. The worst outbreaks of disease oc
cur in February and March . . Severe disease 
outbreaks develop on the flowers as a result 
of only two or three days of windy, rainy 
weather. The temperatures occurring in this 
type of weather are usually in the optimal 
range for infection which is given by McClel
lan et al (9) as 55° to 65° F. 

Disease outbreaks are most severe after 
plants are damaged by frost or chemical in
jury. The fungus grows and sporulates rapidly 
in the dead tissues. Bloomed-out spikes and 
leaf stalk infections also support an abundant 
production of spores which spread the infec
tion. Millions of spores are produced on . a 
single plant and several spore crops are usual
ly produced during two or three weeks of 
favorable weather. 

DISEASE SYMPTOMS AND FUNGUS SIGNS 

There are three rather distinct types of leaf 
spots: very small, round, rust-colored spots 
which show on one side, usually the upper or 
windward side of the leaf; small, round, yel
lowish brown spots which usually have a red
dish brown margin and show on both sides of 
leaf; and large, rou11d to oval, spots which 
often have a reddish brown margin. The small
er spots predominate in warm, sunny weather 
and on the more resistant varieties. Small spots 
and occasionally large ones also occur on the 
flower stem. At first they are light brown, then 
dark brown. A soft rot at the base of the flor
ets is common after heavy rains . . 

The petals of all varieties grown in Florida 
are very susceptible to infection. A six-hour 
wetting period and a total of 14 hours after 
inoculation with spores is sufficient for the 
pin-point, water-soaked spots to appear on 
petals (7). As the spots increase in size, the 
watery, dead tissue dries and turns light 
brown. In a moist atmosphere, the whole flow
er becomes slimy with the rot. 

Stalk or neck rot may develop at any stage 
of growth but is most common after the flow
ers are cut. Infection may spread down the 
stalk and into the core of the corm. Core rot 

· often spreads out along the vascular tissue to 
involve the whole corm. Infection at the top 
of corm is usually the extension of rotting 
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from the flower stem remnant. Basal infection 
is believed to result from the previous year's 
infection of the parent corm. 

Botrytis-rotted corms are soft and spongy, 
with white mold among the rotted tissues and 
on. the corm surface. As the rotted corms dry 
out, they shrink only slightly. Infection often 
spreads from corm to corm in storage. Nests 
of rotted corms held . together with white mold 
may be found in corms when removed from 
cold storage. 

Although corm infection is the most dam
aging phase of the disease in some northern 
and western states, it has been of minor im
portance in Florida because natural curing 
conditions are good during the major part of 
corm harvest. For controlling corm infection 
in other sections of this country and in The 
Netherlands, the most important measure is 
the use of artificial heat in curing ( 1, 2). 

The fungus produces sclerotia, the resting 
bodies. They are oval, flat, black and about 
one-eighth to one-fourth inch long and often 
found in compact groups. Sclerotia are formed 
on rotted tissue on living plants, in refuse piles 
and on rotted corms in storage. Sclerotia may 
live in the soil or in refuse piles for many years 
before germinating to produce the spores that 
initiate infections. 

Botrytis disease is easily identified by the 
clear, pin-point spots on petals, the spore signs 
on leaf spots and dead florets, the sclerotia in 
rotted stalks and on corms, and the soft rotted 
corms with white mold. Spores are produced 

on rotted tissue on the ends of short "stalks" 
that have the fuzzy appearance of velvet, es
pecially when wet with dew. This velvety 
growth of spores gives the disease its descrip
tive name of "gray mold." 

Botrytis leaf spots are not difficult to dis
tinguish from those caused by the other com
mon leaf-spotting fungi, Curvularia trifolii 
(Kauff.) Boed. and Stemphylium sp. Curvu
laria leaf spots seldom, if ever, remain small or 
round. The center of the spots is peppered or 
covered with black spore masses. The small 
Stemphylium spots are round, yellowish and 
translucent, with a reddish brown dot in the 
center. Gray mold is the most important sign 
of Botrytis infection. 

DISEASE RESISTANCE 

The commercial varieties found to be most 
susceptible to petal and bud infections are 
Elizabeth the Queen and June Bells, Young 
leaves of all varieties observed are susceptible. 
Picardy and Maid of Orleans plants grown 
from large corms had more leaf spots under 
high levels of nitrogen and lime nutrition than 
under low levels of the same nutrients (Table 
1) . Differences caused by high and low potash 
and phosphorus levels were not significant. 

In a commercial planting of the Valeria 
variety, plants with cucumber mosaic infec
tion showed about 15 times as many leaf spots 
as the apparently healthy plants in the same 
rows. 

Table l. Effect of some nutrieat elements on susceptibilit:1 or Picardt i,nd 
Mild of 0rlea11a gl11'1iolus to '3otrytis leaf spot. Sums of disease 

1n4icesa for duplicate plots in both varieties. 

Both pott sh levels 
Nitroii:en PhosPhAte Low potash High potn-sh I.ow lirne High lime Sum 
Low Low 24 33 29 28 57 
I.ow High 32 19 18 33 51 
High Low 33 29 27 35 62 
Hi.o:h Hio:h 38 38 34 42 76 
I.ot1 (Sum) 108 
High (Sum 138b 

I.ow (Sum) 119 
High (Sum) 127 

Sum 127 119 108 138b 

ep1ots roted l for least disease and 8 for mo:;t diseose, with intermediate degree,'l 
bof diseose iuci:lence rnted 2-7. 
Least significnnt difference (5.t) bet,1eeu high nnd low SUJ:lS for ea'ch nutrient is 27. 
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FUNGICIDAL DIPS FOR FLOWEH SPIKES 

Flower infection causes the greatest losses 
to gladiolus growers in Florida. Invisible in
fections develop rapidly in transit and in cool 
storage, resulting in a slimy rot of the flower 
buds and petals. Experiments were begun in 
1947 to find a fungicidal dust, spray or dip 
treatment that would limit the spread of in
fection or eradicate the incipient infections 
on the spikes. 

Methods and Materials.-Flower spikes of 
Picardy, Valeria, Snow Princess, June Bells, 
Spotlight and Spic and Span were cut in tight 
bud and inoculated by dipping or spraying 
with a suspension of conidia. obtained from 
artificially infected spikes. The inoculated 
spikes were held in a moist atmosphere for 
six to twenty-four hours before the treatments 
were applied. Several spikes of one or more 
varieties were used for each treatment. A wet
ting agent such as Triton B1956, Triton X-100 
or Orvus was added to fungicidal solutions and 
suspensions in order to wet the flower buds. 
The spikes were dipped head down for five 
seconds, placed upright to drain, then held in 
a moist atmosphere at 60° to 70° F. for two 
to four days. Counts of the number of spots 
were made at that time. 

Results.-Preliminary tests showed that 
Dowicide 9B, Puratized N5E, nabam, thiourea 
and phenyl mercury salicylate were very toxic 
to petal tissues at concentrations effective, in 
controlling Botrytis rot. Of the materials tested 
only Puratized Agricultural Spray at concen
trations of 63 and 125 ppm active ingredient 
was partly effective as a five-second dip in 

controlling flower infections without damaging 
petals or bleaching the color. 

Further tests in 1951 showed that 5-second 
dips in Vancide "51" at 1250 ppm and nabam 
plus zinc sulfate at field-spray concentration 
were also partly effective without injuring un
opened flower buds. The following materials 
were too injurious at effective concentrations: 
sodium dehydroacetate ( DHA-S), penta
chloronitrobenzene (20% dust), Vancide F-845 
and Dowicide F-1100. 

In 1955 streptomycin controlled one and 
two-day-old Botrytis infections of flower buds 
but further tests in 1956 failed to show good 
control. Also tested in 1956 were two other 
antibiotics, ayfactin and griseofulvin, and two 
systemic fungicides, Mathieson No. 1456 and 
1563 ( disulfide derivative and zinc salt, re
spectively, of pyridinethione). 

Griseofulvin and the Mathieson chemicals 
were more effective than zineb in arresting de
velopment of day-old Botrytis lesions on petals 
of Picardy and Spic and Span. Ayfactin and 
streptomycin were only slightly effective. Low 
concentrations of griseofulvin tended to in
crease the number of infections. 

That griseofulvin and Mathieson No. 1456 
are systemic in action is indicated in a test 
(Table 2) in which Picardy and June Bells 
spikes were sprayed or dusted once in the 
field when the flower buds were tightly en
closed in the bud sheaths. Two days later the 
spikes were cut and held in water four days 
until the flowers opened. The petals were then 
sprayed with a suspension of Botrytis coniclia. 
The number of petal infections which devel
oped after three days was significantly reduced 

Table 2. ·control of Botrytis infection of Picardy petals 
as a result of fungicides applied to tight buds 
in field six days before petals were inoculeted. 

Treatment rr~terial and concentration~ 
Griseofulvin 100 ppm 
Griseofulvin 30 ppm 
Mat!'lieson No. 1563, 500 ppm of active ingredient 
t~thieson No. 1456, 500 ppm of Active ingredient 
Griseofulvin dust, lYo Active ingredient 
Control, w1treAted 

ft..rreAtrnents contained .02·{ Tergi tol Dispersant TIN 

Average No. petal 
spots per spike 

168 
203 
350 
250 
196 
426 
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by griseofulvin and Mathieson No. 1456 on 
Picardy but not on June Bells. 

Indications of systemic action by griseoful
vin and the Mathieson chemicals were shown 
in another series of tests in which spikes cut 
in tight bud were sprayed or dipped in the 
fungicidal suspensions and inoculated one to 

four days later ( Table 3). The antibiotic and 
systemic chemicals were generally more effec
tive on Picardy, Spic and Span and Valeria 
than on June Bells variety. The treatments 
were more effective when applied one or two 
days before inoculation than when applied 
four days before inoculation. ' 

Teble 3, Control of Botrytis infection of glediolus petals by 
fungicidal spreys or dips applied before inoculation. 

Picardy, Spic end Span end Valerie varieties, 

ta es ercent of control 
before inoculation 

Fun icidel treetment8 2 4 
33 60 

7& 94 
150 

Griseofulvin 100 ppm 
Griseofulvin !50 ppm 
Griseofulvin 25 ppm 
Mathieson No, 1563, 50%W,P,500 ppm 
Y.sthieson No. 1456, 5oi W.P,250 ppu 
MAthieson No. 1456, 5oi W.P. 167 ppm 

2 55 1gb 44 

8 'l'reAtments contained .01~ Triton X-100 spreader 
bpetels of Spic en1 SP3n injured slightly 

20 
22 25 72 

SPRAYING EXPERIMENTS IN FIELD 

From the results of spraying tests in com
mercial fields, zineb and nabam plus zinc sul
fate were recommended for Botrytis control 
in 1949. Several new fungicides were com
pared in 1951 with the recommended treat
ments by spraying Picardy plots twice weekly 
from January 3 to 29. The partly opened 
petals were spra:ved with a suspension of 

Botrytis conidia on January 22, eight hours 
after the plants received an application of the 
test fungicides . Counts of leaf and petal spots 
were made on January 29. 

The data given in Table 4 show that the 
recommended treatments of zineb or nabam 
+ zinc sulfate were superior in controlling 
Botrytis on Picardy leaves and petals. Vancide 
"51" 3 pints plus 1 lb. zinc sulfate in 100 

Toble 4. r:oritrol of Botrytis infections or1 Picnrd,1 leaves ond petals 
1•he•1 pl,,nts were spr,,yed t••ir.e weekly :>afore 

nrtificinl ino~ubtion. 

S rn treetment0 

'Tebem itt,_-,ne n-14, 2 qt. + zinc sulfAte 3 1 lb. 
Zineb (Porwte " lh.) 
Pentecl1loror1it robenze•1e, !50 I! nctl ve, 6 lb. 
Pent'.lchloronitrohe,1zeue, !50 ~ ..,ctive,3 lb. 
Pentocliloro,1itro'le'1ze'1e, !'iOt active, 1 1/2 lb. 
'lancide "!'il", 2 qunrts 
Vnncide "51", 1 1/2 qt. + zinc sulfate 1 lb. 
Shell OS 3778 emulsion 1 qt. 
Shell OS 377'3 50 1? "'.P. l lb. 
Control, untreated 
Least :iignifico?1t di:!'ference (54) 

8 Amounts e;i veri were inixed in 100 gals. water. All 
B-.1956 spreoder per 100 gals. 

\To, pett1l spots es 
perce,1t of control 
Petols Leaves 
1.3 0.2 
1. z 0.7 

51.5 • 31.2 
54.0 46.3 
71.5 !52.0 
8.2 5.9 
5.8 3.1 

7!5.0 80.5 
83.4 74.7 

100.0 100.0 
4.2 4.8 

treatments cont"iued 

Petal injury _ 
to open 
flowers 
Severe 
Severeb 

' Slight 
None 
None 
Slightb 
None 
None 
None 
None 

4 oz; Triton 

bNo petnl injury when sprays were applied to tight buds es practiced commercially, 
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gallons was nearly as effective and caused no 
injury when open flowers were sprayed. Van
cide "51" and nabam + zinc sulfate gave less 
conspicuous residues on flowers than the ·other 
sprays. Pentachloronitrobenzene and Shell OS 
377B sprays were relatively ineffective. 

Replicated plots of Picardy connels and 
planting stock were used in 1954 to compare 
zineb, nabam + zinc sulfate, maneb and cap
tan in the control of Botrytis leaf spot ( 8). 
Sprays were applied twice weekly from Feb
ruary 16 to April 22. The plots were inoculated 

with suspensions of Botrytis conidia on Febru
ary 22, March 11, 18, 22, 29, April 8 and 12. 

Excellent disease control (Table 5) was ob
tai~ed with maneb (Manzate 2-100) or with 
zineb (Parzate 2-100) and with these fungi
cides used in alternation. Nabam + zinc sul
fate (2 quarts Parzate Liquid + ¾ lb. zinc 
sulfate in 100 gal.) was less effective, and cap
tan 3-100 was inferior to the other fungicidal 
treatments. Data on yield of corms and cormels 
indicate no injurious effects on growth caused 
by the spray materials. 

T11':>le !'\. ~Umber of lenf spots end yield of corm fror.1 glndl.olus pbnts 
which were spmyed to control Botryti s disense .. 

: o. 0 f l f ea t spo s on 
pbuts 11:rown fror.1 Wt.of Wt~·ot 

Pl.Anting corms cormels 
Sprn·• trentmentsn Cornels stock Sum oz. oz. 
Control, •:11trented 4987 5367 10354 636 61 
ThrzAtE- 2 lbs. 335 137 472 684 78 
PRrzate liqui-1 + zinc sulfnte 

2 qur-,rts And 3/4 lb., resp, 51!'\ 443 958 682 87 
~'!AnzAte 2 lbs. 282 67 349 671 92 
~-~nzAte 2 lbs, rrnd 
!'Arzate 2 lbs, alter11eted 159 91 250 609 80 

Captert 50 t 1~ettnble 3 lbs. 821 881 1702 577 68 .,. 
Lenst significrrnt difference (5,~) 376 NS NS 

8Amounts given were mixed in 100 gAllons water. 

CORM TREATMENT TESTS 

On October 20, 1947, 2400 apparently 
healthy No. 1 Maid of Orleans corms were 
sorted out of a lot showing 20 percent Botrytis 
rot in storage and were used for 12 corm dip 
treatments, 200 corms per treatment. The 
corms were planted the following day in ran
domized plots containing 50 corms each. The 
disease appeared first in the unsprayed plots 
on January 25. 

Although the dip treatments were of short 
duration, 5 minutes, all chemicals except Pura
turf 177 were significantly better than con
trol plots in flower and corm yields ( Table 6). 
Arasan and Ceresan M were highest in flower 
and corm yields. 

More recent experiments showed that cap
tan, Dowicide B and N.I. Ceresan were also 
effective as corm treatments in controlling 
Botrytis corm infections (Table 7) ,. . Those 
fungicides are also effective against the Fusa-

rium disease and therefore are preferred over 
Arasan and Ceresan M as corm treatment 
fungicides. 

Corm treatments were also found by Bald 
(2), Comeadow (3) and Hawker (6), to be 
helpful in controlling Botrytis disease although 
Gould ( 5) considered chemical treatment to 
be unnecessary if the corms were properly 
cured with artificial heat as recommended. 

DISCUSSION AND CONCLUSIONS 

Since the Botrytis fungus lives over the sum
mer in the corms and in the soil, it is not prac
tical to attempt to eradicate the disease or to 
exclude it from a given area. Since all varieties 
are susceptible to some degree at all stages 
of growth, control measures are based on 
chemical protection and on sanitation. The 
most important measure of protection is spray
ing or dusting. Botrytis diseases of some other 
crop plants are controlled with dichlone 
(Phygon) spray but gladiolus are injured by 
that fungicide. 
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Table 6. Yield of :~id of Orlerrns gladiolus corms which were trer-ited 
to control Botrytis disease. Sur~s of four replicote plots 

per treatnient, 50 corms per plot 

Flower Number 
production het'llthy 

'l'i1.•e-minute a.i p treatments8 indexb corms 
Geresan }~ 2 lbs. 949 238 
Dow 9B, 6 lbs. 1027 245 
Pu:ro turf 177, 8 lbs. 1053 204 
Purr-iturf 177, 2'..lbs. 790 183 
l!.rnsr:111 (50''&) 16 lbs. 1254 278 
i\rq Srl.'l (50:t) 4 lbs. 1086 226 
Phygon 8 lbs. 934 235 
fermnte 8 lbs. 1081 255 
Ceresrm v 1 lb, + hrasan (501~) 2 lbs. 1026 287 
Control, ''-'"'ter dip 596 173 
Leri st significant difference (5'") 241 45 

'.\'t. 
corms 
in lbs. 
15.7 
15,0 
13.6 

9.3 
20.1 
15.2 
15.2 
16.9 
18.8 
7.7 
2.7 

8Amouuts given ,~rere mixed. in 100 gals. wtiter. 
br:-ich spike scored for qu!'!lit:y-: 2 points !"or C gr,:,de nnd riu nd:'iitio,1nl point f'or 

el:lch increase in gl'f"de to 6 poitlts for fancy. 

Table 7. Yield of Spic and Sp1m gladiolus corms "!hich were treated 
to control Botrytis disease. Sums of four replicate 

plots per treatment, 50 corms per plot 

Co di treatment8 
Flower prod~c
tion index 

Sound corms 
Number 

N.I.Ceresan 2.lbs. 
<reresan M 2 lbs. 
Dowic:l:de B 5 lbs. 
Captan 50W, 12 lbs. 
Arasan Sll'-X, 8 lbs. 
Control, untreated 
1..s.o. (:,\t) 

1108 
968 

1169 
1102 

925 
624 
174 

241 
204 
269 
230 
209 
141 

33 

. 
28,0 
37.7 
34.5 
31.5 
18.9 
4.7 

8 A.mounts given were mixed in 100 gallons of water plus 6 ounces Triton X-100. 
All dip treatments were appUed for 15 minutes preplanting. 

bi:e'ch spike scored .for quality: 2 points tor C grade and en Additional point for each 
incre11se in grade to 6 points for fancy. 

The recommended fungicides are more 
specific and effective against the Botrytis 
fungus than they are against Curvularia and 
Stemphylium fungi that attack gladiolus. With 
average weather conditions the Botrytis disease 
is controlled more completely by spraying or 
<lusting than are the Curvularia and Stemphy
lium diseases, When prolonged rainfall pre
vents spraying and dusting the Botrytis disease 
may cause widespread infection of spikes. It 
is at such times that a flower spike dip is 
needed to check the spread of infection in 
transit. 

Experience with systemic and antibiotic 
fungicides indicates that they may be very 
useful as flower dips but none is recommended 
at this time. Emphasis in Botrytis control is of 
necessity placed on sanitation and prevention. 
Removing all cull flowers from the field and 
from the soil and a regular spray program on 
all plantings until digging will prevent severe 
losses in practically all cases, 

RECOMMENDATIONS 

I. Begin weekly spraying with zincb 2-100 
when temperatures fall to 40° F, or lower, 
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Spray all plantings regularly or apply zineb 
dust ( 6 percent active) when spraying can
not be carried out. 

2. Spray twice weekly after plants are in
jured by frost or chemicals, or after the . disease 
appears on the plants. 

3. After the disease appears, spray or dust 
the spikes after each heavy rain in addition to 
the regular two sprayings each week. Con
tinue spraying once a week after the flowers 
are cut. 

4. When spraying twice weekly, alternate 
maneb with zineb. 

5. If the weather makes it impractical to 
apply sprays or dusts properly, dip the spike 
heads for 5 seconds on arrival at packing 
house in one of the following preparations: 
a) Puratized Agricultural Spray, one pint per 
100 gallons plus two ounces of Triton X-100 
wetting agent; b) Vancide "51", one pint per 
100 gallons plus two ounces Triton X-100; c) 
Nabam two quarts plus ¾ pound zinc sulfate 
and two ounces Triton X-100 mixed in 100 
gallons of water according to manufacturer's 
directions for field spraying. 

6. Dig corms in dry weather and cure im
mediately with artificial heat (85° to 95° F.) 
for one week if the weather is cold. 

7. Dust corms immediately after they are 
cleaned with 10% captan dust, or dip for 15 
minutes fo 12 lb. captan 50W ( Orthocide) per 
100 gal. Before planting, dip the corms in 
Dowicide B or in N .I. Ceresan solution as 
recommended for Fusarium control. Use a 
wettjng agent such as Triton X-100 in the 
dips. 
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SOME NOTES ON PHILODENDRON HYBRIDS 

ERDMAN WEST AND H. N. MILLER 

Florida Agricultural Experiment Station 

Gainesville 

Philodendrons are among the most popular 
of foliage plants in the United States at the 
present time. They belong to a large botanical 
family commonly called aroids which includes 
such well known plants as calla lilies and 
caladiums. Aroids for the most part are tropi
cal plants and Philodendrons are inhabitants 
of the American tropics. The name Philoden
dron means 'tree loving' and many of the 
species are tree-climbers in their native habi
tat. Well over 200 species have been described 
and received botanical names. Beginning with 
the introduction of Philodendron cordatum 
many years ago, the number of species grown 
.in cultivation has increased gradually. A few 
years ago interest in these tropical plants took 

a sudden spurt and now several dozen species 
are popular in the trade. 

Philodendron species present a great variety 
of forms. In size the leaves of the various kinds 
vary from a few inches to several feet in 
length and in shape from simple leaves to 
those that are variously serrated or intricately 
cut into complex segments. The habit of the 
plant may be climbing, rhizomatous or arbores
cent, that is, self-heading as it is called in the 
trade. Color variations are present too. Red 
stems and new growth occur in some kinds 
while various shades and markings of red 
and pink are found in the bracts and spathes 
of these and others. 

The propagation of philodendrons may be 
carried on by vegetative methods for cuttings 
root readily under favorable conditions. Some 
species are grown from seeds imported from 
South America. Under Florida conditions 
many species that are grown to maturity will 
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flower here. With proper hand pollination 
these species produce fertile seeds and some 
Florida growers propagate their stock in this 
manner. 

The progressive step from self pollination of 
a species to the crossing of different species 
followed as a matter of natural curiosity. Since 
some of these hybrids were improvements in 
color or form over the parents, the hybrids 
have been continued. As the progeny of any 
particular interspecific cross is uniform, a hy
brid can be propagated indefinitely by re
peating the cross without resorting to vegeta
tive reproduction. 

Several of these hybrids are now in the 
trade under various names. This paper is our 
effort to record the parentage of some of these 
hybrids while the facts are known and to es
tablish the origin of the trade names where 
possible. A few of the characters of parents 
and hybrids are also included. At present the 
correct botanical designation of many philo
dendron specie~ is not known. In this discus-

SPECIES NO 2 

W[ t.lOLANDII OALANDO 

R~01ATUM 

1< AS UTUlo1 

sion the names accepted by the trade will be 
used. 

1. Philodendron X Orlando (P. wendlandii 
Schott. X P. Species No. 2) This self-header 
has large lanceolate leaves up to 24 inches 
long with prominent, rounded ears. The mar
gins are even but wavy. The petioles, as long 
as the leaves, are rather upright making the 
whole plant stately, symmetrical and more or 
less shallow funnel shaped. This hybrid is one 
of the early crosses made by Mulford Foster 
of Orlando and named by him for the city of 
that name, the home of his nursery. 

P. wendlandii Schott. is a commonly grown 
species with short, thick petioles and a rosette 
habit of growth. The leaves, up to 24 inches 
long, are spathulate, broadest above the mid
dle and even margined. 

P. Species No. 2 is unnamed, self-heading 
and slender in habit. The leaves, rather nar
row for their length, are narrowly ovate with 
well marked ears and an open basal sinus. 
They are thick in texture and the distinct 
venation is plainly horizontal. 

'2. Philodendron X Wilsoni (P. giganteum 
Schott X P. radiatum Schott) This magnifi
cent hybrid shows the influence of both par
ents. It is vining in habit but not strongly so. 
The leaves are broadly ovate, up to 16 inches 
long and a foot or more in width. The vena
tion is prominent and indented with 3 veins 
in each ear giving the blade a wavy appear
ance. The margins are serrated with shallow, 
rounded lobes at the ends of the· veins. The 
bracts are pinkish green. 

P. giganteum is a short stemmed plant with 
broadly heart-shaped leaves and broad, 
rounded overlapping ears. The dark green 
leaves have even margins and a narrow tip. 
The bracts are slim and green spotted. 

P. radiatum (perhaps the same as P. du
bium) is a vining species with deeply cut 
leaves about 12 inches long. The ears are 3-
veined and 3-lobed but not markedly distinct 
from the remainder of the leaf. All parts of the 
plant are green. 

3. Philodendron X Mandaianum (P. er-u
bescens C. Koch & Aug. X P. hastatum Hort.) 
This colorful hybrid is one of the finest of the 
vining philodendrons. The dark green leaves 
up to 14 inches in length, are broadly arrow
shaped with prominent rounded ears. The nar
row callous margin is deep red and the leaf 
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stalks are purple with a pale waxy bloom. The 
young foliage is a deep bronzy green, the 
young stems red and the leaf bracts red out~ 
side and white inside. This hybrid originated 
in the W. A. Manda Nursery in New Jersey. 
It is one of the oldest hybrids known. 

Philodendron erubescens is a vining type 
with dark green broadly lanceolate leaves up 
to 8 inches in length. The callous leaf-margin, 
the leaf-stalks and the venation of the younger 
leaves are all rosy pink in color.• The leaf 
bracts are about 6 inches long, curled at the 
top and pink in color with dark dots near the 
base. 

Philodendron hastatum Hort. is · a vining 
type plant with broadly arrow shaped leaves, 
12 inches or more in length. The ears are 
large and rounded but inconspicuous. The 
callous leaf-margin is white while the leaf
bract is green outside and white inside with a 
few dots near the base. 

4. Pliilodendron X Florida (P. squamiferum 
Poepp. X P. laciniatum) This vining type hy
brid is one of the more recent introductions. 
The dark green leaves up to 10 inches in 
length lack a distinct callous margin. Each 

· leaf is deeply cut into a terminal segment, two 
reflexed prominent ears and two lateral lobes, 
each more or less cut into lobes. Th13;park red 
petioles are minutely scaly and the leaf-bract 
is green, suffused pink with several dark dots. 
This hybrid was introduced by Robert Mc
Colley, Bamboo Nursery, Orlando, Florida. 

P. sq11amiferum is a vining type with very 
crooked stems. The dark green leaves are di
vided in 5 distinct lobes including the prom
inently reflexed ears. The terminal lobe is con
nected by such a narrow .isthmus that it is al
most a l~aflet. The leaves reach a length of 16 
inches and lack a callous margin. The red 
petioles are densely covered with prominent 
scales and the leaf-bract, up to 9 inches long, 
is pale green suffused with pink. 

P. laciniatum is vining in habit. The deeply 
segmented leaves up to 9 inches or more in 
length have very prominent divergent or re
flexed cars. The ears are divided into 3 lobes 
half way to the central vein; the terminal lobe 

- may or may not be divided. All parts of the 
plant, including the long petioles are green 
excepting the short blunt leaf-bract which is 
white. 
. 5. Philodendron X Florida Compacta (P. 
sq11amiferum Poepp. X P. q11ercifolium) This 
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is another vining type hybrid of recent intro
duction. In general appearance it resembles 
Florida very closely, both in form and colora
tion of the parts. The body of the leaf is less 
deeply divided and the ears are smaller and 
less prominent. This hybrid was .introduced by 
Robert McColley of the Bamboo Nursery, Or
lando, Florida. 

P. squamiferum Poepp. is described above. 
P; quercifolium is a vining species with 

deeply segmented leaves up to 15 inches long · 
on equally long petioles giving the plant an 
open, airy appearance. The deflexed ears 
about 7 inches long are divided into 3 to 5 
narrow lobes. The leaves are dark green but 

· the stems and petioles are pale green, the 
latter with many minute linear striations. The 
leaf bracts, 7 inches long are pale green and 
very acute. 

6. Philodendron X Barryi (P. selloum C. 
Koch X P. bipin11atifid11m Schott) This hy
brid belongs to a group of arborescent philo
dendrons that nearly defy verbal description. 
This is a robust plant resembling both parents 
and intermediate between them. It has pin
natifid leaves with the segments as broad as 
in P. selloum but the sinuses narrower than 
P. bipinnatifidum. The segments are some
times shallowly lobed. The leaf bracts are 
long, as much as 24 inches, and pale yellow
ish green. 

P. Selloum C. Koch is a robust arborescent 
species with pinnatifid leaves two feet or more 
in length. The acute sinuses extend two thirds 
the distance to the midrib and the lobes are 
often shallowly lobed. The ratio of the 3 
terminal lobes apparently varies on individual 
plants and is not a dependable character. The 
pale green leaf-bracts may reach 2 feet in 
length. 

P. bipinnatifidum Schott is another robust 
arborescent ·species with pinnatifid leaves 2 
feet or more long. The petioles may reach 3 
feet in length giving the species a more open 
look than P. Selloum. The sinuses extend two 
thirds the distance to the midrib and are blunt 
or square at the bottom. 

7. Philodendron X Fosterianum (P. bipin
natifidum Schott X P. Species No. 1) This 
hybrid is another robust arborescent species 
with pinnatifid leaves. The blade is cut half 
way or more to the midrib into narrow straight 

flat segments. The sinus is acute, not wide or 
"square" at the bottom. The large leaf bracts 
are pale green in color. The leaves are as wide 
as long and the petioles somewhat longer. This 
hybrid was made and introduced by Mulford 
Foster of Orlando many years ago and is one 
of the early hybrids. 

P. bipinnatifidum Schott was described 
above. 

P. Species No. 1 is an unnamed species of 
unknown origin. It belongs to the robust ar
borescent group but has somewhat less pinna
tifid leaves. The divisions run one third or 
more of the distance to the midrib and the 
margins are less wavy than the others. The 
leaves are numerous and the head appears 
dense in spite of the rather long petioles. The 
long leaf bracts are pale green. 

8. Philodendron X MacNeilianum (P. Sel
loum C. Koch X P. species No. 1) This robust 
arborescent hybrid closely resembles some 
other kinds such as Selloum, bipinnatifidum 
and Barryi. The differences are very difficult 
'to put into words. The lobes are long in this 
hybrid and each lobe bears many small lobes 
along the margin completely to the bottom of 
the sinus. ( The drawing was made from a 
juvenile leaf and does not show this character
istic.) The leaves are large and the "frilly" 
appearance of the leaves gives the plant a very 
handsome appearance. 

P. Selloum C. Koch is described above .. 

P. Species No. 1 is described above. 

9. Philodendron X Evansii (P. Selloum C. 
Koch X P. speciosum Schott) This is a robust 
hybrid of •unusual appearance. The large 
elongated sagittate leaves are longer than the 
petioles so that the tip part of the blade rests 
on the ground until the plant attains consid
erable height. The blade and the conspicuous 
ears are deeply lobed, all of which have wavy 
margins. The blade properl has an uneven sur
face, giving the leaves a generally wavy ap
pearance. The attitude of the leaves is nearly 
vertical so that they always appear "full face." 
The leaf bracts are said to be red. 

P. Selloum C. Koch is described above. 

P. speciosum Schott is a robust arborescent 
species with entire ovate leaves resembling 
large elephant ear leaves. The leaves 3 feet or 
more long with large ears 1 foot long have 
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wavy margins and a wavy surface but in gen
eral are flat. They tend to hang vertically from 
the tips of the very long petioles. This is a 
magnificent species requiring adequate space. 

As this paper was presented at the meeting 
of the Society, it was illustrated by koda-

chrome slides. In the proceedings of the So
ciety it is illustrated by outline drawings pre
pared by Miss Esther Coogle, staff artist for 
the College of Agriculture. These drawings 
are drawn approximately the same size with
out reference to the actual size of the leaves. 

FERTILIZATION OF GLADIOLUS 

s. s. WOLTZ 

Gulf Coast Experiment Station 

Bradenton 

Reports from various parts of the country 
indicate that gladiolus fertilizer requirements 
vary a great deal with the particular soil and 
climate encountered. While it is true that other 
crop plants must also be fertilized according 
to soil and climate, gladiolus differ from gross 
feeders such as com in that maximum flower 
yield and quality are obtained at a lower level 
of fertilization and some soils require little or 
no fertilizer. Still another difference is the 
sizeable reserve of inorganic and organic nu
trients present in large corms. Thus, in soil of 
good nutrient-supplying capacity one does not 
see large responses from fertilizer applications. 
In regions of light, sandy soil such as the 
Southern Atlantic and Gulf Coastal Plains of 
the United States, it is necessary to fertilize 
gladiolus adequately to obtain optimum pro
duction of high quality spikes and corms. With 
light soils and heavy rainfall it is necessary to 
fertilize frequently in small doses. The re
sponse of gladiolus to fertilizer is oftentimes a 
delayed reaction and many effects will show 
up the second season due to the superior quali
ty of corms fertilized adequately. 

Nutritional requirements of gladiolus vary 
depending on variety and chemical composi
tion and size of corms or cormels. Some varie
ties such as Morning Kiss and Spotlight respond 
more to fertilizer than others such as Rosa 
Van Lima and Elizabeth the Queen. Large 
corms require less fertilizer than cormels and 
smaller corms due partly to the stored reserve 
and partly to greater feeding capacity of the 
extensive root system produced by large 
corms. ' 

Any condition that damages the root system 
seriously will increase the need for fertilizer 

due to an impairment in the uptake from the 
soil unless, of course, there is a luxury supply 
of nutrients in the soil. When roots are dam
aged there is need for placement of fertilizer 
nearer the plant, more frequent irrigation, and 
the use of foliar nutritional sprays. Factors 
likely to cause root damage include mechani
cal pruning in cultivation, nematode and fun
gus attack, water-logging of soil and chemical 
damage such as salt injury. · 

The following section is devoted to a brief 
consideration of certain nutrient elements, dis
cussed singly. Reference to nutrient require
ments in terms of the amount to be found in 
plant tissues should be regarded as approxi
mate since the amounts required will vary 
somewhat depending on nutritional balance 
and environmental factors. 

NITROGEN 

This element is the one most likely to pro
duce yield responses in gladiolus. Analysis of 
leaf samples fertilized in various ways indi
cates that the leaves should contain on a dry 
weight basis 2.5 to 3.0 percent nitrogen or 
more for optimum yield. The effects of nitro
gen deficiency include a reduction in the 
number of florets per spike and number of 
spikes per corm together with the customary 
pale green coloration of foliage found in nitro
gen. deficiencies. Also, the utilization of old 
corm food reserves is hampered by lack of 
nitrogen. There is ample evidence that excess 
nitrogen accelerates Fusarium corm rot and, 
in order to use high nitrogen levels to obtain 
good yields it is necessary to have good pre
ventive measures for the control of Fusarium 
corm rot. Nitrogen is an element required in 
somewhat greater amounts by small corms 
and cormels than by large corms. 

The form in which nitrogen is· supplied is 
important. Flower quality is better when nitro-
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gen is supplied partly as nitrate and partly as 
ammonium than when the element is supplied 
entirely from either source. Care must be taken 
with organic sources to assure that decoinposis 
tion will take place and the nitrogen will be 
utilized in time to benefit the . crop. This is 
especially important for applications made late 
in the growing season. In general, inorganic 
nitrogen is preferred due to quick availability 
and low cost; however, greater frequency of 
application is needed with inorganic than 
with organic nitrogen sources. · 

Gladiolus are sometimes damaged by large 
amounts of ammonium nitrogen in the soil, 
especially when nitrate nitrogen is at a low 
level. Gladiolus are adversely affected by cal
cium cyanamid in the soil under many condi- · 
tions, more so than many other plants. It is im
portant when using calcium cyanamid as a 
soil sterilant to allow ample time for the resi
dual effects to disappear before planting 
gladiolus. 

Excess nitrogen, especially in the absence 
of adequate potassium and calcium, is un
favorable to flower quality due to nutdtional 
imbalance. 

PHOSPHOltUS 

The amount of phosphorus required by 
gladiolus is only about one-tenth the nitrogen 
expressed in terms of foliar analysis. Thus, 
if the leaves contain 0.3 to 0.4 percent phos
phorus, it is unlikely that additional phosphor
us •.vill increase yield. The symptoms of phos
phorus deficiency are dark green foliage and 
purple coloration in the lower leaves. It has 
been reported that high levels of phosphorus 
increase the-·resistance to Fusarium corm rot. 
Phosphorus in the corm is readily utilized by 
the new plant and this source of supply is 
very important. It is probable that the plant 
can take up enough phosphorus early in the 
season to last the whole season, should the 
available phosphorus level in the soil drop 
toward the end of the season. This element is 
rather freely translocated throughout the plant 
:'md new tissue is well supplied with phos
phorus from older tissue. 

Phosphorus fixation in the soil .is a peren
nial problem in areas of clay-bearing soil hav
ing high iron and aluminum contents. This 
problem is met by liming and proper places 
ment of phosphorus-source materials. In 
sandy soils of lower iron and aluminum ·con-

tents such as · are found in most regions of 
Florida, the phosphorus problem is not so seri
ous. In soils recently brought into cultivation 
there is usually a deficiency, but with heavy 
applications of complete fertilizers, a large 
reserve of available phosphorus is soon built 
up. An exception is found when the soils are 
allowed to become very acid ( pH 4.5 for ex
ample) in which case phosphorus may be 
leached out by rainfall. Thus, in Florida, after 
complete fertilizer has been applied to the 

· soil for about ten years there will usually be 
found sufficient phosphorus to grow the crop 
for a number of years. Continued use of super
phosphate in the mixed fertilizer is then justi
fied principally by the other nutrient elements 
present in ordinary superphosphate ( calcium, 
sulfur, and trace elements), together with the 
low cost of nitrogen. from ammoniated super
phosphate. 

POTASSIUM 

Gladiolus require about 3 to 4 percent 
potassium in the leaves for optimum growth. 
A· lack of potassium results in a serious short
ening of spike stem-length together with a 
general yellowing of older leaves and a yel
lowing between the veins of younger leaves. 
In severe cases the older leaves show marginal 
leaf burn. The number of florets per spike is 
reduced by potassium deficiency, together 
with a delay in flowering time. Sulfate of 
potash is preferred over muriate when irriga
tion water contains large amounts of the 
chloride ion. Otherwise there is no indication 
of any great difference between these sources. 

CALCIUM 

Calcium is important in producing quality 
gladiolus flowers . A mild deficiency of cal
cium will result in the disorder known as 
"topple" which refers to the breaking over of 
gladiolus in the vase after most of the florets 
have opened. More severe calcium deficiency 
causes a condition similar to bud-rot encount
ered in the commercial production of gladiolus. 
Affected florets do not open normally; petals 
tend to cup inward and there may be a break
down of petal tissue with water-soaking ap
parent. Only in the most severe deficiencies 
are leaves affected. Calcium deficiency · of 
leaves results in their emerging from sheath
ing leaves in a soft, gelatinous condition initial-
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ly light colored, but later turning brown. Some translucent areas between the veins and in 
horizontal cracking of leaves is encountered. some cases. the veins grow together. The ma-

To insure against calcium deficiency, spikes ture leaves should contain more than 15 ppm 
should contain, on the dry weight basis, 0.2 or boron in order not to be deficient. Leaves are 
preferably 0.3 percent calcium. In order to ac- generally deficient if there is as little as 10 
complish this, the soil must be well supplied ppm boron. Boron toxicity, expressed as a 
with available calcium from sources such as bum of the margins of older leaves, is en
gypsum, lime and ordinary superphosphate. countered when the boron content exceeds 
Calcium is not translocated freelv from leaves about 200 ppm. The toxicity is increasingly 
to spike and it is therefore nece;sary to have serious and affects younger leaves when the 
the element amply available during the time boron content of older leaves rises to 400 
the spike is rapidly forming. Triple super- ppm or more. 
phosphate does not contain gypsum ( calcium Boron is generally furnished to gladiolus in 
sulfate) which is present in ordinary super- areas of possible deficiency as borax. There 
phosphate to the extent of about 50 percent. are new boron sources, however, that are of 
To further insure against calcium deficiency, interest due to their slower rates of solubility 
the grower may side-dress with calcium nitrate which have the advantage of reduced toxicity 
which contains soluble calcium or he may while still furnishing adequate boron over a 
spray two or three times between spike emer- longer period of time. These sources are Cole
gence and flowering with four pounds of cal- manite, a calcium borate compound whose 
cium nitrate per one hundred gallons. - solubility is dependent partly on the fineness 

MAGNESIU;\l 

Although magnesium plays a central struc
tural part in the chlorophyll molecule, the 
need for this element by gladiolus is not for 
large amounts. Leaves to be normal should 
contain about 0.2 to 0.4 percent magnesium. 
Symptoms of magnesium deficiency are a yel
lowing between the veins, first seen in the 
older leaves. With magnesium deficiency there 
is a delay in flowering, although not as much 
as with potassium.deficiency. 

It is important in furnishing magnesium to 
gladiolus to avoid excessive supplies since 
this element interferes with calcium nutrition 
when used in amounts greater than required 
normally. Adequate magnesium is usually ob
tained from dolomitic limestone or by the in
clusion of 1 percent water-soluble Mg0 in 
mixed fertilizer. Irrigation water may contain 
100 ppm or more of magnesium which should 
meet the needs of the crop if applied in suf
ficient volume over the growing season. 

BORON 

Gladiolus are relatively toletant to boron 
and have a moderate requirement for the ele
ment. Deficiencies of boron cause a horizon
tal cracking beginning at the margin of the 
leaf and extending inward toward the midrib. 
In some varieties, such as Hopman's Glory, 
there is less cracking of leaves but there are 

of grinding, and a less soluble material, boro
silicate, the latter being of variable composi
tion. 

CoPPER 

Copper deficiency is expressed as a wilting 
of leaves and softness of spikes. Some varieties, 
such as Valeria, are more su~ceptible. The 
deficiency is found principally, in Florida, on 
new agricultural land. Preyentive treatment 
involves broadcasting twenty pounds or more, 
depending on soil type, of copper sulfate per 
acre. A small amount may be included in the 
mixed fertilizer as well. The copper level in 
deficient leaves has not been determined. 

Copper toxicity is a problem often en
countered on older agricultural soils in Florida 
where the element has accumulated from past 
applications. Most of the copper applied per
sists in the soil for many years due to the 
low solubility of the various copper com
pounds formed. Toxicity of copper is expressed 
first as root damage and second as copper
induced iron chlorosis of the leaves. Induced 
iron deficiency generally shows up at about 
the four or five leaf stage and, if not cor
rected, all later leaves and the spikes may be 
quite yellowish or cream-colored. In the in
cipient stages the yellowing is apparent only 
between the veins. Copper toxicity to the 
roots is reduced by liming to a pH of about 
6.5. The correction of iron deficiency in leaves 
will be discussed under the section on iron. 
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lnON 

Iron deficiency is manifested first by a 
yellowing between the veins of new leaves 
and as the deficiency becomes more severe, 
by a general yellowing of leaves. The color 
of florets of June Bells variety is affected, 
tending to be cream-colored rather than the 
usual white. Total iron content of leaves is 
not a good guide to a deficiency since much 
of the iron in the plant may be insoluble and 
not usable. Iron deficiency is more often due 
to complicating factors instead of a simple 
lack of iron. High soil pH and excessively 
high levels of heavy metals such as copper, 
manganese and zinc are the most common 
causes. 

The correction of iron deficiency is fre
quently difficult. The quickest method for 
soil application is the sidedressing of twenty 
pounds of chelated iron concentrate per acre 
in a manner that will make it quickly avail
able. Single applications of foliar sprays are 
not completely effective since the iron taken 
up from spray droplets is not readily dis
tributed but leaves a pattern of green on a 
yellow background corresponding to the spray 
residue. Repeated sprayings with iron oxalate 
at two pounds per hundred gallons will green 
up the foliage fairly well. Where leaves are 
damaged physically or excess spray residues 
accumulate unevenly in spots, it is possible to 
get black blotches on the leaves, especially 
with Morning Kiss variety. 

MANGANESE 

Manganese deficiency is evidenced by a 
yellowing between the veins of the newer 
leaves. The principal cause of manganese de
ficiency is the poor availability associated with 
high soil pH. Manganese deficiency is not 
often encountered in gladiolus in Florida. Pre
ventive measures include the use of a small 
amount of manganous sulfate in mixed fertili
zers and spraying with maneb fungicide which 
contains manganese. 

Zrnc 

Zinc deficiency has not been recognized in 
gladiolus in Florida. This is probably due to 
the common use of the zinc-containing fungi
cide, zineb. 

Zinc availability is greatly decreased by 
neutral or slightly alkaline soil conditions. 
·When growing gladiolus on such soil, one 
would be well-advised to take precautions to 
furnish zinc either by soil applications or 
preferably by spraying in order to guard 
against a deficiency of the element. 

RESULTS OF FERTILIZER EXPERIMENTS 

The results of two three-season experiments 
with gladiolus at the Gulf Coast Experiment 
Station are summarized in the following 
tables. In Table I are given the results for 
one experiment involving Rosa Van Lima 
and June Bells varieties. Corms were obtained 
from Holland, Rosa Van Lima being size No. 

Tnble 1. Flower en1 Corm Production Data Combined for 
1une Bells rinc1 Rose VAn LiJJ18 w1 th Various 

Fertilizer Treatments, 
Totals for Three Seasons, 1954-55. 

Flower 
No. ot Production No.of Weight of 

Treatment Flowers Index Corms Corms (Lbs.) 
No fertilizer 660 1424 1264 67.1 
1000 lbs. 4-8-8 713 1667 1333 78.0 
2000 lbs. 4-8-8 823 2124 1268 82.6 
2000 lbs. B-8-8 945 2323 1376 103.e 
2000 lbs. 16-8-8 927 2577 1359 98.e 
2000 lbs. 4-8-16 897 2339 1329 97.1 
2000 lbs·. 8-8-16 1068 2866 1319 113.6 

Differences required tor 
stetistiCAl significance 
et odds of 19:l 99 330 (t1nd etermined) 11.5 
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T11:ile 2. Flower Ann Corn Proiluctlon Dr-tn Combined for 
Picnrd'! <1nd VAleri,, with VAricus Fertilizer '!'reotments, 

Totnls for Three Seosons, 1954-56, 

~o. of 
Tre11tll'ent TI.owera 
'lo fert1 lizer 887 
1000 lbs,· 4-fHl 1072 
2000 lbs. 4-8-8 ll9~ 
2000 lbs, 8-8-8 1184 
2000 lbs. 16-.8-8 1188 
2000 lbs, 4-0-16 1124 

Difference Required for 
st,,tisticAl significance 
At odds of 19:l 84 

3 and June Bells size No. 5. Data are totals 
for three seasons. The Flower Production 
Index which is a measure of economic value 

· is obtained by giving C grade flowers two 
points and increasing by one point credit per 
grade up to · seven for the Extra Fancy grade. 
At the end of the first and second season, 
after data were taken, corms from the four 
replicates of each treatment were mixed and 
a standard number, usually 50 corms, was 
counted out for each plot the following sea
son and the remainder were discarded. Fertili
zer applications were made in four equal 
doses. 

Table 2 presents flower and corm data for 
Picardy and Valeria, Valeria corms of flow
ering size were obtained from a commercial 
grower. Picardy corms of planting stock size, 
No. 4 to No. 6, came from stock grown at 
the Gulf Coast Experiment Station. 

A greater response to nitrogen was found 
for the three season period with Rosa Van 
Lima and June · Bells (Table 1) than ,vith 
Picardy and Valeria ( Table 2). This is be
lieved to be due in part to a higher incidence 
of Fusarium corm rot in the latter two varie
ties that prevented maximum response to nitro
gen. The application of as much as eighty 
pounds of nitrogen per acre during the grow
ing season will generally meet the require-

Flower 
Proriuction No.of Weight or 

In/lex Cor::,a Corms (Lbs.) 
3267 1560 142.9 
4589 1655 178,l 
5532 1650 188.4 
5897 1674 189,9 
5592 1561 181.0 
5334 1521 170.6 

658 (Undetermined) 11.5 

ments of large, flowering-size corms if leach
ing losses are not excessive and the root sys
tem is normal. If roots are damaged by disease, 
nematodes or water, or if leaching losses are 
heavy, a response will frequently be obtained 
to greater amounts. Small corms and cormels 
having less stored nitrogen and less extensive 
root systems will generally benefit from the 
application of up to 160 pounds of nitrogen 
per acre. Another factor increasing the total 
need of small corms and cormels for nitrogen 
is the fact that their growing period is longer. 

Potash requirements for gladiolus generally 
can be met by applying from 160 to 240 
pounds K20 per acre during the growing sea
son; As with nitrogen, the potash requirement 
depends on soil, rainfall, and the condition of 
the root system. The response of small corms 
and cormels to variations in potash level was 
not as marked as with nitrogen. This is due 
possibly to the levels chosen for comparison. 

A point of considerable interest in Table 1 
is that when nitrogen was furnished at the 
rate of 160 pounds per acre, beneficial re
sults were obtained in terms of flower pro
duction index by increasing potash from 160 
to 320 pounds · per acre, When nitrogen was 
held at the level of 80 pounds per acre. and 
potash increased from 160 to 320 pounds, 
there was no benefit in terms of flower pro
duction. 
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STUDIES ON THE NUTRITIONAL REQUIRE
MENTS OF CHRYSANTHEMUMS 

s. S. WOLTZ 

Gulf Coast Experiment Station 

Bradenton 

The chrysanthemum crop is becoming in
creasingly important in Florida. The acreage 
planted to chrysanthemums in the state has 
increased rapidly from less than five acres 
in the 1949-50 season to more than 230 acre&. 
in the 1955-56 season ( 4). Most of the in
formation available to growers on fertilizing 
chrysanthemums has come from areas outside 
the state of Florida. While this information, 
together with growers' experience and experi
mentation, has allowed production of high 
yields of chrysanthemums of high quality, 
there is need for clarification of the effects of 
various methods of fertilization, irrigation and 
liming upon the yield and quality of this in
tensively cultivated crop. This paper is a re
port of prdiminary sand culture experiments 
on effects of variations in nutrient levels upon 
the growth of chrysanthemums. 

LITERATURE REVIEW 

•. Hill, et al ( 1) in Canada favored a 1: 2 
nitrogen to potash ratio for chrysanthemums. 
Lack of bloom coloration was associated with 
low levels of potassium and high calcium, 
magnesium and phosphorus. Post and Bell 
( 3) found that excess sulfate of ammonia 
caused wilting of chrysanthemums on sunny 
days. Excess muriate of potash caused a. 
slight stunting of plants. Excess nitrate of 
soda caused chlorotic areas to appear on the 
younger leaves. When high levels of muriate 
of potash and nitrate of soda were added to
gether, plants became chlorotic and died due 
to excess fertilizer salts. Waygood (5) found, 
particularly in the early stages of growth in 
nutrient solutions, that tomatoes grew well 
at the highest concentration of nutrients em
ployed while chrysanthemums grew best at 
the lowest level. 

Krofanek, et al (2) reported, some,vhat to 
the ·contrary, that chrysanthemums of the 
Kramer variety were relatively tolerant to 
saline conditions due to excess fertilizer salts 

in sandy soil. High salt content decreased 
stem length but did not greatly decrease dry 
weight. When salinity was du~ to ammonium 
or · magnesium salts, stem length was greatly · 
reduced. High . levels of ammonium reduced 
dry weight. High salt levels from balanced 
nutrients decreased keeping quality while 
high calcium in the soil increased keeping 
quality. 

MATElllALS AND METHODS 

Two plants each of Forty-niner and Gold
smith varieties O were set out in 2 gallon 
glazed ceramic pots containing washed quartz 
sand, December 16, 1955. Artificial lighting 
was not employed. Plants were pinched De
cember 22. From December 16 until January . 
5, plants were watered every other day with 
200 ml. per pot of a dilute nutrient solution 
containing 15 ppm nitrogen from ammonium 
nitrate and 5 ppm potassium and 4 ppm 
phosphorus, both from potassium ~hydrog~n 
phosphate. On January 5, application of dif
ferential solutions was begun, gradually in
creasing the amount applied per pot to 400 
ml. per day. 

The standard nutrient solution is shown 
below. 

ppm 
200 

20 
200 
100 
50 

0.25 
0.25 
0.5 
0.5 
0.05 
0.5 

Element 
N 
p 
K 
Ca 

Mg 
B 
Cu 
Fe 

Mn 
Mo 
Zn 

Source 
60% NaN0,, 40% NH,NO,, 
NaH,PO, 
50% KCl, 50% K,SO, 
CaCI, 
MgSO, 
H,,BO,, 
CuSO, 
Versenol 
MnSO, 
Na, MoO, 
ZnSO, 

Variations were made in each nutrient series 
over a wide range, using single pot cultures 
and the same nutrient sources as for the 
standard solution. 

Plant measurement data are presented in 
Table 1. An inspection of the data for the 

*Rooted cuttings were furnished by Yoder Bros., 
Inc., of Barberton, Ohio. 
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four control cultures indicates that the weight 
measurement is the most uniform criterion for 
the evaluation of the effects of various levels 
of nutrients. Although this experiment is non
replicated and observational it is considered, 
owing to the uniformity of growth of chrysan
themum plants and also to the wide differ
ence between treatments in a series, that the 
data provide preliminary, useful information 
on the approximate levels of nutrients desir
able for optimum growth. The nutrient con
tents of the plant tissues can thus be correlated 
with major responses to changes in nutrient 
levels in solutions. All data in this paper repre
sent averages or totals for two chrysanthemum 
varieties. 

Plant tissue analytical data, averages for 
Forty-niner and Goldsmith, are shown in 
Figs. I to 10 for the elements varied in the 
experiment and are to be correlated in an ap
proximate manner with the yield data in Table 
l to obtain an indication of the levels of each 
nutrient required for optimum growth and 
also the levels at which adverse effects result. 
The data on desirable levels of nutrients in 
plant tissue will be considered only as ap
proximate guides until better criteria are 
available. The correlation is aided by visible 
differences that existed in the plants over the 
very wide range of levels employed. 

In the nitrogen series (Table I and Fig. I), 
the lower levels at which maximum growth 
occurred appeared to be between 100 and 
200 ppm. Leaf analysis indicated the need 
for about 4.0 to 5.5 percent nitrogen for the 
maximum production. Quality was slightly 
affected by 800 ppm nitrogen. It is concluded, 
therefore, that the nitrate to ammonia ratio 
employed, 4: I, was quite satisfactory. Other 
experiments ( 3) have _shown chrysanthemums 

to be severely damaged by an unbalance in 
terms of excess ammonia and, less so, in the 
case of excess nitrate. Nitrogen content was 
highest in leaves, next in buds and lowest in 
stems. 

The optimum level for phosphorus ( Table 
I) was near the 40 ppm level. The next lower 
level, 20 ppm, did not yield as well while the 
higher level of 80 ppm produced a mild yel
lowing of leaves that may have been due to 
an interference with iron nutrition. It is in
teresting to note that the number of . buds in 
bloom at harvest appeared to be increased 
stepwise up to the highest level of phosphorus. 
Corresponding to 40 ppm phosphorus in the 
solution is about 0.4 percent phosphorus in 
the leaves ( Fig. 2). It is considered, there-

fore, that leaf analysis near 0.4 percent phos
phorus indicates ample availability of the ele
ment at the time of sampling. At lower levels 
of phosphorus supply, the order of decreasing 
phosphorus content is buds, leaves and stems 
while at higher levels the leaves accumulate 
more than the buds. 

The lowest level of potassium ( Table I) 
producing satisfactory plant response is be
tween 100 and 200 ppm. At lower levels potas
sium deficiency was evidenced by dying of 
older leaves or in less severe cases by mar
ginal necrosis _of older leaves. Numbers of 
buds in bloom at harvest time was reduced 
by low levels of potassium as well as by low 
levels of nitrogen and phosphorus. Plant analy
sis ( Fig. 3) brings out an interesting point in 
that buds appear able to accumulate consid
erable potassium at the low levels in the solu
tion, at the expense of the leaves. At the 200 
ppm level in the nutrient solution, the leaves 
contained more potassium than the buds. It 
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appears that the leaves of chrysanthemums 
should contain 4 to 6 percent potassium. 

Calcium deficiency was riot produced 
(Table 1) due to the presence of calcium in 
the cuttings and impurities in nutrient salts 
,and water. The failure to produce severe cal
cium deficiency is not considered as neces
sarily indicating a low requirement for the ele
ment although a similar experiment with 
gladiolus produced severe calcium deficiency. 
This portion of the experiment will be repeated 
with increased attention to possible sources 
of C;Ontamination. Plant analysis (Fig. 4) in-

dicated. 0.27 percent in leaves at the no
calcium level. Calcium was accumulated de
creasingly, in order, by leaves, buds and 
stems. -

Magnesium deficiency produced the cus
tomary symptoms of interveinal chlorosis in 

. ·the older leaves. Plant response (Table 1) was 
not greatly different, however, over the wide 
range of treatments employed. There was a 
trend toward greatest yield by weight at the 
25 and 50 ppm levels with about 0.35 percent 

magnesium (Fig. 5) in the leaves. Leaves 
contained more magnesium than buds which 
in turn had more than stems. 

The most noteworthy fact about the boron 
series ( Table 1) is the toxic effect of this 
element. Boron toxicity, first marginal and 
then total necrosis, developed in the older 
leaves of the plants at the 0.25 ppm level. 
There was 380 ppm boron ( Fig. 6) in the 

leaves at this level. At the higher boron levels 
leaves were necrotic to the top of the stem 
and buds also showed injury. Boron content 
of the foliage rose very rapidly with increasing 
levels in solutions. Chrysanthemums appear to 
be very effective in taking up boron from the 
substrate. Impurities contributed by pyrex 
glass, chemicals and water no doubt played a 
part. · 

Copper at 0.25 ppm (Table 1) appeared 
adequate while 2 ppm apparently reduced 
yield by weight. The higher levels of 4 and 8 
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ppm were definitely toxic, producing a chloro
tic condition in the foliage. Leaves at the 8 
ppm level contained 150 ppm copper (Fig. 7) 
which is a value higher than is normally found 
in plant tissue not contaminated with spray 
residues. 

Goldsmith variety in the iron-deficient cul
ture as well as in the 0.25 ppm iron treatment 
developed interveinal chlorosis indicating iron 
deficiency. This variety generally exhibits an 
interveinal chlorosis in plantings in Florida 
and also in other areas. It is concluded, there
fore, that the physiology of this variety must 
be such as to result in a predisposition to iron 
deficiency that can be corrected by the ap
plication of higher levels of chelated iron to 
the substrate than are required to prevent de
ficiency in other varieties. Versenol toxicity 
( Table 1) began at about 4 ppm iron as Ver
senol and was expressed as a blackening of 
foliage together with reduced growth. Leaves 
(Fig. 8) contained more iron than buds which 

contained more than stems. It should · be 
pointed out that total iron content is not gen
erally accepted as a guide to the existence of 
a deficiency. 

Manganese (Table 1) reduced yield when 
the level was raised to 4 ppm. In addition to 
a reduciion in growth, it was noted that high 
levels of manganese, especially 8 and 16 ppm 
produced a chlorotic condition, especially pro
nounced in the younger leaves somewhat sim
ilar to iron deficiency. It is well known that 
excesses of manganese and other heavy metals 
interfere with iron nutrition. The manganese 
content of leaves rose steadily ( Fig. 9) from 
20 to 2600 ppm, the uptake of applied man
ganese being very efficient. 

The adverse effect from zinc took place 
( Table 1) between 4 and 8 ppm in the solu
tions. Sixteen ppm, however, had. a greater de
pressive effect on yield than did the same 
amount of manganese. There is a suggestion 
that yield was benefited by the lower levels of 
zinc. Zinc content of plants increased consid
erably ( Fig. IO) with increasing zinc levels 
in the solution. Sixteen ppm zinc was apparent
ly so toxic that roots were damaged early . and 
the zinc content of plant tops did not reach 
high levels due to inefficient uptake. 

SUMMARY 

This observational experiment was carried 
out with single replications to obtain prelim
inary indications of the nutritional require
ment and tolerances of chrysanthemums. Nu
trient levels were varied over wide ranges. 
Yield data and appearance of the grnwing 
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plants were used to select approximate opti
mum levels for future sand culture experi
ments, together with approximate levels · ol: 
nutrients considered desirable in foliage, as 
shown below: 

Element 
-N--

p 
K 
J.'.g 

B 
Cu 
Fe 
Mn 
&n 

Approxim~te Des1roole Level 
Nutrient Sol11t10,1 

(Snr1n Culture) 
m 

100-200 
40 

100-200 
25- 50 

0,1 
0.1 
1 
0.25 
0.5 

Leaves 
,~ 

4.5-5.0 
0.3-0.4 
4.0-6,0 
0.3-0.4 
~ 

?5 
35 

200 
200 
150 

The minor element contents of leaves cited 
above are considered ample and below the 
level of toxicity but are not considered to be 
critical levels. 
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Table l, Treatments applied to Fcrty-niner and Goldsmith 
and data on ateIM (total fresh weight, total number and 
average length) and number or buds 1n bloom at harvest. 

Tre~tM.ent 
or -./-:, ri~ri.t 
Control 
Control 
Control 
Control 

·1 
·r 

·r 
F 
p 
p 
p 
p 
p 
p 
p 
I'. 
K 
K 
K 
K 
I'. 
K 
K 

Ca 
Ce 

3 
3 
3 , 
B 
3 

Cu 
e.u 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Fe 
Fe 

Fe 
Fe 
Fe 
Ii'e 
Fe 
Mn 

''n 
J.'1 
l'n 
Wl 
l'n 
J.!c. 
l!n 
l.n 
Zn 
Zn 
Zn 
Zn 
:;,, 
Zn 
Zn 

12.!'i 
25 
50 

100 
::?00 
400 
800 

0 
1.~-=: 
2. !', 
5 

10 
20 
40 
80 

2c; 
50 

100 
200 
400 
800 

0 
6,25 

12,5 

50 
100 
200 
400 

0 
3.13 
6.2~ 

lP..e 
2'\ 
50 

100 
200 

0 
0.13 
0.2!"
o.i:; 
l 
2 

4 
A 
0 
0,13 
o.2i:; 
0.5 
l 
2 
4 
8 
0 
0,25 
0.5 
l 
2 
4 
8 

16 
0 
0.2~ 
O.!"i 
l 
2 
4 
8 

16 
0 
0.25 
0.5 
1 
2 
4 
8 

16 

Fresh ~,t. 
Cg~~1s) 

34, 
348 
3!:-6 
345 

25 
123 
223 
262 
327 
340 
3:?9 
321 

~o 
87 

194 
229 
26!':i 
275 
370 
358 

82 
151 
198 
2"13 
329 
317 
292 
340 

333 
346 
345 
337 
343 
339 
2,a 
306 
311 
328 
330 
:J31 
31? 
310 
311 
29:J 
23:'i 
283 
2~2 
201 
128 

96 
30~ 
334 
314 
292 
313 
271 
251 
117 
,317 
364 
337 
350 
315 
240 
111 
80 

338 
351 
32!"> 
330 
328 
286 
281 
223 
257 
308 
320 
306 
329 
309 
155 

40 

11 
6 
8 
8 
3 
7 
8 
7 
8 
7 

10 
7 

6 
10 
8 

l? 

0 
7 
8 
7 
9 
9 
8 
9 
7 
8 
8 
8 

10 
7 
9 
9 
8 
7 
8 
7 
8 

10 
8 
8 
6 

10 
7 
8 
7 
6 
7 
6 
9 
7 
7 

10 
9 
9· 
7 
8 
8 
9 
7 
9 
7 
8 

11 
11 

6 
7 
9 
6 
a 
7 
8 
5 

Avg.Leagtb. No. :9lda 
(!aches) in blo0111 

17 53 
22 46 
21 44 
20 56 
13 3 
19 16 
22 30 
25 37 
23 52 
22 47 
20 48 
20 45 
19 8 
19 18 
21 26 
22 39 
24 36 
D 42 
23 47 
17 70 
21 11 
23 27 
36 :?3 
23 45 
25 42 
23 53 
22 43 
20 49 

4- fiO 
24 39 
21 47 
23 49 
20 38 
22 46 
23 49 
2.4 50 
21 38 
24 42 
24 47 
22 45 
23 46 
24 50 
17 44 
19 44 
20 44 
24 40 
22 41 
22 43 
21 46 
21 38 
20 29 
19 5 
23 50 
13 58 
22 42 
23 35 
23 44 
21 34 
22 32 
19 23 
21 51 
24 44 
23 46 
21 4'\ 
23 50 
20 42 
20 25 
15 22 
21 51 
24 52 
20 46 
21 50 
PO 46 
18 40 
16 58 
l4c 41 
21 40 
18 36 
19 49 
21 54 
zo 43 
23 52 
18 34 
14 13 
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VIRUS RING SPOT OF PEPEROMIA OBTUSI
FOLIA AND PEPEROMIA OBTUSIFOLIA 

VAR. V ARIEGA TA' 

:\I. K. ConsErr 

Florida Agricultural Experiment talion 

Gainesville 

Peperomias, both the green and variegated 
types, are ornamental foliage plants gro\ n for 
their attractive leaves. One of the more serious 
diseases of the green peperomia in Florida is 
a ring spot which results in the leaves being 
disfigured and often times distorted. Plant 
which are seriously affected may be tuntecl 
and deformed. Many gro\ ers in this tate ha\'e 
experienced losses of over 25 percen t due to 
this disease. Symptoms of ring spot in com
mercial plantings of the variegated peperomia 
have not been noticed by the author. 

Disease material sent in by the tate Plant 
Board, Plant Pathology Laboratories, em
phasized the serious nature of the disease and 
instigated an investigation to ascertain 
whether 1) the disease-causing entity i a 
virus, 2) to describe the various symptoms at 
the disease, and 3) to make recommendations 
as to possible control measures . 

A ring spot disease of Peperomia obtusi
folia was described and shown: to be caused 
by a graft-transmissible vims in 1941 by 
Creager in Illinois ( 1). Reference is made to 
a ring spot of green peperomia by Forsberg 
in his handbook of "Diseases of Ornamental 
Plants" 1946 (2). 

Infected green peperomia plan ts can be 
readily recognjzed by the concentric ring 
markings and the disfigmecl leaves. Some 
leaves, especially the young ones, may show 
severe distortion ( cupping, curling, twisting ) 
with or without any visible symptom at ring 
spot. (Fig. 1 shows such a leaf with a chloro
tic ring partly visible.) The rings are usually 
chlorotic but may under certain conditions ap
pear to be necrotic with the leaf tis ue unken 
or grooved and following a definite zonal pat-

1 Grateful acknowledgement. is made to H . Van 
Pelt, State Plant Board Inspector, for sendin g in 
Ji seased and heal thy µeperomin. spec imens and to 
H. N. Mille,· for assistance with the photographs . 

Florida Agricultural Experiment Station Jou1·nal 
Series N o. 530. 

Fig . 1. Young green peperomia leaf 
showing distortion and a chlorotic ring 
spot. 

tern. The concentric zonal markings may as
sume various designs. Young leaves may show 
chlorotic spots (Fig. 2) which mav enlarge 

Fig. 2. Left-Young leaf showing small chlorotic 
spots-the beginning of the concentric rings. 

Right-Older leaf s howin g numerous chlorot.ic con
centric ring spots . 
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into concentric rings which are readily visible. 
Older leaves may display one large ring which 
may include the entire leaf or several rings 
joined together to give a pattern effect as 
shown in Fig. 3. Ring spots on older leaves 

Fig. 3. Left-Older leaf showing one large ring 
s pot covering almost the entire leaf. Right-Older 
leaf showing concentric ring spots diffusing together. 

may appear only near the base of the leaf or 
they may occur as separate rings ( Fig. 4). 
Rings may appear at the leaf margins in which 
case only half a ring spot is seen. 

Fig. 4. (Left) Older leaf showing type of ring 
spot occurring only at the base of the leaf. (Right) 
Leaf s howing chlorotic concentric rings. 

The ring spot may cause the lower epider
mis of an infected leaf to be raised and may 
be mistaken for oedema. In the case of the 
ring spot the raised portion always assumes 
a zonal ring pattern. Oedema usually occurs 

---- ----------

on the under surface of older leaves and shows 
as small individual raised areas or bumps ( Fig. 
.5 ) ' 

Fig. 5. Underside of an older green peperomia leaf 
showing raised individual bumps called oedema. 

Severely affected plants may be stunted and 
all leaves do not necessarily exhibit the ring 
spots. Many plants exhibit the various ring 
pattern on the lower or older leaves while the 
upper or younger leaves may appear com
pletely healthy or show only a mild distortion. 

Diseased an<l healthy plants were selected 
for studying the disease. Plants which showed 
no symptoms of infection were used for propa
gating material. Clonal cuttings were made 
from these plants. All cuttings were rooted and 
planted in 4 inch clay pots of composted soil. 
After these clonal plants had produced new 
growth, which showed no symptoms of in
fection, and attained a height of 4-5 inches 
th y were decapitated and their leaves were 
removed. These stocks were cleft grafted as 
follows. A scion from a plant, showing symp
toms of infection, was tapered and inserted 
inlo a slit mad wit! a razor blade down 
through the healthy stock. The scion was held 
secure in the stock by means of a wooden 
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clothes pin. Alter sc.:ion-stock union had oc
curred the clothes pin was removed and the 
plant left to grow. 

Under the conditions in which the plants 
were grown chlorotic ring spots occurred in 
the new growth of the stock after 30-60 days. 
The grafted plants grew well and cl veloped 
ring spot symptoms typical of the disease. 
Secondary graft have been mad from the 
diseased stocks resulting in , again, typical 
symptoms of infection. Healthy clonal plants 
were maintained throughout the length of the 
experiment as checks and in all cases they 
showed no symptoms of virus infection. 

Grafting, the universal method of virus 
transmission bas shown that the ring spot dis
ease of Peperomia obtusifolia is caused by a 

virus, thus confirming the work of Creager 
( 1). 

Diseased peperomia leaves were h·ituratecl 
with a mortar and pestle. Juice thus obtained 
was used for mechanial inoculation by the 
carborundum gauze pad method to healthy 
green peperomia and the following virus in
dicator plants; Nicotiana tabacum var. Turk
ish, N. glutinosa, Datura stramonium, Capsi
cum frutescens, Zinnia elegans and Gomph
rena globosa. All plants were held for a period 
of 30 clays after which they showed no visible 
symptoms of infection and were discarded. 
The peperomias showed no visible symptoms 
of infection and were held for a period of 3 
months after which they were grafted to 
healthy stocks. Virus was not recover cl from 
these plan ts giving a good indication that the 
virus is not mechanically h·ansmissible. 

The insect vectors of most virus ring spot 
diseases are unl'Ilown thus, insect transmission 
with its many complications was not attempted 
at this time. 

It was brought to the author's attention that 
the ring spot as commonly seen in the green 
peperomia is not noticed in plantings of the 
variegated variety. Plants of the variegated 
peperomia, Peperomia obtusifolia var. varie
gata (Fig. 6) were selected and used as 
healthy parental material from which clonal 
cuttings were made. These clonal plants were 
grafted as described and within 2 weeks the 
new leaves on the stock were exhibiting brown 
necrotic concentric rings (Fig. 7). Small 
brown necrotic spots occurred on the leaves 
with the rings and the leaves dropped within 

Fig. 6. Healthy variegated peperomia leaf . 

Fig. 7. Young variega ted peperomia leaf showin g 
fine necrotic concentric rings and necrotic spot s re
sulting from graft inoculation with diseased green 
peperomia scion. 

a few clays. Thi. necrotic effect and dropping 
of the infected leaves may account for the 
fact that the ring spot symptoms are not com
monly seen in the variegated peperomia. 

Variegated peperomia leaf tissue was rnoted 
and green peperomia plants were obtained. 
The e plants wer gra fted with diseased green 
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peperomia scions and reactions similar to those 
previously described for green peperomia were 
obtained. · 

Based upon what is known about this and 
similar diseases the following control recom
mendations are suggested. Since grafting is 
the only known means of transmitting the virus 
then its spread is most likely by the propaga
tion of cuttings from diseased stock-plants. All 
cuttings taken from a diseased plant may be 
infected with the virus even though they show 
no symptoms at . the time of removal. This 
means of spread is very important when con
trol measures are considered and may ex
plain why, when apparently disease-free cut
tings are taken an epiphytotic may occur. 

At present, the only known means of con
trolling the virus· ring spot disease of pepero
mia is to rogue and destroy all infected plants. 
Since the symptoms may be slow in showing, 
the control must be based on a long term 
visual examination of stock-plants used in 
propagation. To control the disease in as short 
a time possible, the following procedure is 
recommended: 

i. Select from stock beds vigorous plants 
which show no symptoms of infection on any 
of the leaves ( i. e. leaf distortion, ring spot
ting or fungus diseases). 

2. From these plants take cuttings and root 
them in sterilized or fumigated raised benches. 

If at any time symptoms of the disease is 
noticed destroy all cuttings taken from that 
plant. 

3. \Vhen cuttings are rooted they may be 
planted directly into raised sterilized or fum
igated benches. These plants would form 
disease-free mother or nucleus block for all 
increase material or stock plants. They should 
be kept free as possible of all peperomia 
diseases (Pythium Root Rot, Rhizoctonia and 
Phytophthora Rots ( 3). This block should be 
examined periodically and any plant showing 
symptoms of virus ring spot should be rogued. 
Although not known to occur it may be pos
sible to transmit the virus by root grafts in 
the nucleus block. If this should be the case, 
and thought worth while the plants in this 
block may be planted in 4 inch clay pots of 
one plant per pot. 

Though virus ring spot is at present a seri
ous disease of green peperomia there is no 
reason why it cannot quickly and effectively 
be controlled by following the above pro
cedure. 
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HOW TO LANDSCAPE OUR OUTDOOR 
SPACE FOR LIVING 

THOMAS B. MACK 

Florida Southern College 

Lakeland 

\Ve are moving outdoors in Florida! The 
trend towards living out-of-doors is expressed 
in modern house design evidenced through the 
use of the Florida room, picture-windows, 
patios, terraces and outdoor-living areas with
in the home grounds. Our modern home is 
smaller and more compact. This tends to 
necessitate the extension of livirig out-of-doors 
to alleviate the feeling of cramped living. This 
modern house need not be just another house. 

It can and should be different through its de
sign to use the space outside and adjacent to 
the house for outdoor-living. Florida's sunny 
days and moderate temperatures provide cli
matic conditions conducive to this movement 
to the outdoors. If you are fortunate enough 
to be one of the thousands of people in Flori
da who at the present time are planning 
new homes, you should start thinking and 
planning not only the house itself, but the 
way the house is to fit upon the lot; the way 
the house and the grounds fit together; the 
way you will project the rooms of the house 
into the grounds; or the way indoor and out
door living will be integrated to enable the 
family to get the most from their outdoor 
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space made possible by twentieth century liv
ing. 

This idea of using space outside the house as 
an area in which the family might increase 
their living space is not new. The Spanish 
have for centuries used patios as a space in 
which to eat, rest, work and play. Let's not 
get the idea, however, that the patio idea or 
the outdoor-living idea is only compatible with 
the Spanish-style architecture. The outdoor-liv
ing idea is being developed into all manner of 
plans throughout many areas of the country 
today as most contemporary and modem de
signs make allowances for living outdoors in 
the area adjacent to the house. Although this 
is true, there are but few areas in the world 
where we are able to live out-of-doors all 
year round. Here in Florida we are blessed 
to live in an area where outdoor-living is 
possible every day of the year. However, we 
have been somewhat slow to discover this 
veritable gold-mine of pleasures in the way 
of outdoor-living under the Florida sun. 

In the modem concept for outdoor-living 
we see the indoor space of the house and the 
outdoor space of the garden as a single unit 
as we have donE; away with the boundary be
tween the indoors and the outdoors. The gar
den simply flows into, over and around the 
house through glass walls, picture windows, 
jalousies, planter boxes, loggias, paved ter
races, plastic-covered patios and Florida 
rooms. By the same route the house reaches 
out into the outdoor space. The manner in 
which we combine our indoor and outdoor 
space must follow a well-planned pattern if 
the. development is to serve adequately the 
program of outdoor-living required by the 
family. 

Gardening is a great pastime and it is a 
wonderful hobby! The landscaping of your 
garden ( meaning the land around your house, 
the area set aside, enclosed, private, devel
oped for personal enjoyment through the 
growing of plants) costs so very little in com
parison to the great wealth of satisfaction, 
pleasure and recreation which might result. 
I know of no greater hobby or pastime which 
could bring so much pleasure and satisfaction 
as gardening. It is doubtful if the therapeutic 
benefits from outdoor-living, brought about 
by gardening, could be replaced by any other 
type of activity. 

Outdoor-living simply means to live, work, 
eat, rest and play in the out-of-doors. In out
door-living you can consider your backyard as 
another room. It is furnished with plants, gar
den furnishings, terraces, pools, walks and 
other architectural features instead of the 
type of furnishings used within the house; and 
the garden is enclosed with fences, walls or 
plantings in much the same manner the house 
is enclosed by walls. The trees overhead serve 
as a canopy for protection from the direct rays 
of the sun somewhat as the ceiling covers the 
living portion of the house. Normally the out
door room is thought of as being open to the 
sky but being enclosed along the sides, we 
thus put emphasis upon the enclosure plant
ings. Our shrubs and trees, planted along the 
sides, in groupings give us the enclosure and 
the feeling of being inside. It would also seem 
normal to think of the enclosure planting as 
being naturalistic in design; meaning "like 
nature." All that is of nature is not necessari
ly good, but when we are dealing with plant 
materials we are dealing with the things of 
nature and making it natural seems the logi
cal solution. Avoid a scatter-gun planting in 
the outdoor living room. Simply keep the 
plantings along the foundation and the borders 
leaving the lawn open and unbroken. This 
makes for ease of maintenance for the lawn 
and the plantings. 

A plan is definitely required to assure that 
indoor and outdoor living is properly inte
grated. The garden plan deals with the prob
lems of the outdoor environment as it estab
lishes a relationship between man and the 
land he is to occupy. This establishment of 
relations between man and the land he is to 
occupy must also involve certain relationships 
between man's spatial requirements, the plant
ings and the architectural features which also 
must occupy the land. Your first step in plan
ning is to get the entire family together, and 
list very carefully just what you want to have 
in this outdoor-livingroom. If you have chil
dren, space must be provided for them just 
as for other members of the family. If a 
swimming pool, a dance terrace, a barbecue, 
a specimen plant, a hobby planting or any 
other feature is required, it must be designed 
to meet the demands of the family using the 
garden area. Social obligations must be taken 
into consideration and ample space and furn-
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ishings provided in the outdoor space to ade
quately take care of the traffic. 

For outdoor-living there may be some who 
merely want a small plot to develop as a 
garden where they might spade in the soil to 
simply produce food or flowers for use within 
the house, while others might desire a large 
otitdoor area for the enjoyment of outdoor 
sports of all kinds. For their enjoyment of the 
outdoors we must supply these special 
recreational features. Then there are those 
who would simply like a private garden en
closed by the use of fences, walls, hedges, 
trees or any combination of these things 
where they might be supplied with a gener
ous amount of shade, a paved terrace with a 
chaise lounge or other type of outdoor, rest
ful furniture. All of these should be designed 
to give rest and comfort in a space away 
from public view where one might rest or 
read in the secluded quiet of the garden. An
other may require a picnic area and barbecue 
to make it · possible to cook-out and enjoy · 
picnicking Florida-style in the backyard. 
There might be some who would desire a 
small lily or goldfish pool and fountain with 
rippling water to add a note cif peaceful 
serenity to the garden scene. These or many 
other desires or needs may be the integral 
parts which have to be woven into the overall 
plan. · 

The relationship b~tween your outdoor
living space and your neighbor must be taken 
into consideration. You can be a friendly 
neighbor and still develop the required privacy 
for your backyard living area. We all need a 
place where we might close out the cares of 
the world about us. To do this, proper en
closures must be developed to assure privacy, 
and proper orientation of the various aspects 
of outdoor living must be so planned to be 
free from . prying eyes. Now, privacy does not 
mean isolation, it simply means enclosure from 
the public's view where we might find free
dom in an area set aside and developed to 
provide certain desirable conditions :necesa 
sary for our :personal enjoyment of the out
doors. · This · privacy can be provided through 
discreet combinations of shrubs, vines, trees, 
ground covers, .walls and fences. The use of 
broadleaved evergreens here is important 
since deciduous species will not give perma
nent privacy. This permanent evergreen en-

closure should be planned to be an integral 
part related to the entire garden scheme. 

It has been said that a garden reflects the 
tastes, . the personality or the individuality of 
the one for whom the development is planned. 
All questions concerning the family and their 
use of the outdoors must be answered as part 
of the planning program if the garden is to 
be an expression of the :family's individuality 
and personality. Many individual problems 
must be solved. Since there are many indi
vidual problems to be solved it would seem 
that a careful consideration of the following 
is necessary if your family is to derive year
round contentment from their living space: 

1. What is your concept of outdoor-livingi' 
2. How much family activity will there be 

around outdoor-living? 

3. What are the social obligations of the 
family? How much entertainment will the 
family have to do? 

4. What is the favorite recreation of mem
bers of the family? 

5. What are the family's spatial require
ments? 

6. How much of your budget can be spent 
to achieve the desired results in outdoor-liv
ing? 

7. In what ways will indoor and outdoor
living be integrated? 

8. Are members of the family sun-worship
pers or will some type of shade or shelter · be 
required? 

9. How much decoration or ornamentation 
will the family desire? 

10. Does a pool or water feature appeali' 
11. How close are the neighbors? 

12. Will enclosure be required to give 
privacy? 

13. Can your backyard be made as private 
as the living portions of the house? 

14. What type of surfacing will be neces
sary to make the area serviceable? 

15. If gardening is your outdoor sport, how 
can you achieve satisfaction without overin
dulgence? 

16. How much time, effort or money can 
be spent in the upkeep and maintenance of 
the garden? 
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Your answer to these and perhaps other 
questions will serve as a guide to direct your 
activities in the development of your outdoor
living-room. The manner in which you com-

bine the integral parts in the development ot 
your outdoor garden will determine the exten t 
to which the space may be used for gracious 
family fun under the Florida sun. 

REGIONAL PERFORMANCE OF HEMEROCALLIS 
IN FLORIDA 

EUNICE T. KNIGHT 

Apopka 

Hemerocallis fulva was introduced into 
Europe by Asiatic trade routes early in, or 
perhaps even before, the Christian Era. It be
came so widely naturalized that early botan
ists gave it the specie name "Europa", and it 
acquired the common name "roadside lily". 
Even those early gardeners must have con
sidered it as lovely a flower as we think it 
today because the genus name HEMERO
CALLIS means "beautiful for a day". 

Several centuries ago, Hemerocallis flava 
was also introduced into Europe from Asia 
and because of its hardiness and freedom from 
pests, it became a popular garden subject. 

Both of these varieties were introduced 
into this country by early settlers. Fulva 
thrived as vigorously here as it had in Europe 
and soon became a "roadside lily" in many 
states along the eastern seaboard. Flava under 

EL VENIA SLOSSON 

the common name of Lemon Lily and several 
others was popular in pioneer gardens. 

In the middle of the eighteenth century, 
plant exploration in all fields began to move 
at an accelerated pace and Hernerocallis were 
among new varieties to be introduced. One 
by one, other forms were gradually introduced 
into cultivation in this country and England, 
the most recent specie inh·oduction being in 
1934. 

Soon plant breeders and horticulturists, dis
covering how easily Hemerocallis are hyb1id
ized, how readily they come from seed, and 
how short a time elapses before the seecllings 
bloom, became interested in garden hybrids. 
From a mere trickle of hybrids of the species 
by only a few hybridizers in the early part of 
the centmy, the number of introductions has 
grown into an avalanche. More than five 
htmdred new clones were named and regis
tered with the American Hemerocallis Society 
in 1955 by more than a hundred hybridizers. 

BRACKEL 
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In all, more than five thousand hybrids have 
been described and introduced. 

Hemerocallis have fairly earned the epithet 
"the perennial supreme" because of the ease 
with which they are grown, their great beauty 
and vmiety of form, the wide color range of 
the hybrids, and their freedom from disease 
and insects, as well as the broad extent of 
climatic and soil conditions under which they 
can be cultivated. With their graceful foun
tains of foliage and starry blossoms, they are 
valuable for many places in any garden, large 
or small, formal, gardenesque or natural. How
ever, though some daylilies will grow any 
where, and all places can grow some day
lilies, there are some which will only grow in 
certain places. 

Until the last thirty or forty years, there 
were no daylilies growing in Florida gardens. 
Hemerocallis flava is one of the varieties which 
do not thrive in our subtropical climate, and 
fulva probably was not introduced because 
gardeners feared that it would become a pest 
here as it had elsewhere. Since the introduc
tion of newer .varieties from Asia which will 
thrive, and the subsequent interest of the 
hybridizers in this easily crossed perennial, 
gardeners have found that there are numerous 
ones which can be successfully grown. Grad
ually they have gained in popularity, and by 
careful selection of kinds which will perform 
well Hemerocallis are being grown in almost 
every section. 

In all the bewildering array, with new hy
brids being constantly extolled by the breed
ers and introducers, the average · gardener 
wishing to grow a few of this most satisfactory 
perennial, or the plant fancier wishing to start 
a collection, might be almost tempted to des
pair of selecting those which will merit a 
place in his garden, both because of their 
adaptability to our Florida conditions and be
cause of the real desirability of the clone it
self. 

In looking over the official list of clones is
sued by the American Hemerocallis Society, 
or the names of the new registrations in the 
Yearbook, it will be seen that there are many 
which have descriptions which are nearly 
identical, as, to select one description from 
the 1956 Yearbook: "40" MLa-Salmon pink 
self-dor.", which, being interpreted, means 
that the bloom scape is forty inches tall, it is 

mid-season to late season bloomer, a salmon 
pink with no markings or eyezone, and that it 
is a dormant type plant, the foliage dies down 
completely in winter. That description could 
fit a number of clones. 

Even by catalogue description in which the 
hybridizer or introducer wishes to make each 
variety sound more desirable than any other 
in its color class, the description might be "a 
large flowered yellow of great beauty. Pefals 
wide and rounded with ruffled edges, sepals 
slightly recurved, giving the flower a dis
tinctly triangular appearance. An early bloom
er which usually reblooms later in the season. 
The foliage is evergreen and attractive." The 
description is absolutely true. The hybridizer 
is completely honest and correct. But, the 
description in words might fit a number of 
daylilies even though the plants, growing side 
by side would be easily distinguishable by 
subtle differences in color shade, texture or 
form difficult to convey with mere printed 
descriptions. 

Each year, the American Hemerocallis So
ciety conducts a popularity poll of all its mem
bers all over the United States, but Florida, 
being only a small part of the country, and 
that small part having unique climatic condi
tions not shared by any other part of the 
country, our growers are so far outnumbered 
in the nation as a whole that even this is not 
an infallible guide as many varieties on the 
poll will not grow here at all. HESPERUS, a 
truly lovely daylily, well deserving the votes 
given to it, was number one on the poll for 
several years, but it has never thrived in Flori
da. For those varieties which will grow here, 
the poll is an excellent guide. 

· The main dividing line between the Heme
rocallis which will perform well in Florida 
gardens and those which will not, is whether 
the clone is evergreen or dormant. Some die 
down completely in the winter, and those, 
with very few exceptions, are not acceptable. 
It has been observed that in inheritance, the 
evergreen gene is dominant over the dormant 
gene, so there should be more and more 
clones which will be suitable for this climate 
if at least one member of each cross is ever
green. 

Florida's year round growing weather 
seems to exhaust ·the strength of those which 
require a dormant period for rest in the win-
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ter. Many never put on any growth at all. 
Others live a half life for a year or two, putting 
on some weak growth, but never blooming, 
then finally fade completely away. Among the 
exceptions, it usually takes a dormant variety 
longer to become established when first 
planted, and each time it is divided than it 
does an evergreen one. A few make complete
ly satisfactory growth and bloom well. 

However, since most Florida gardeners 
work, play and live in their gardens all year, 
trying to keep beds and borders in active 
growth and attractive at all times, this is 
rather an asset than an undesirable restriction. 
The foliage of Hemerocallis is graceful and. 
attractive even when there are no blooms. The 
dormant types leave a bare spot in an other
wise attractive bed or border. 

Whatever the color of bloom desired, the 
height of scape, form of flower, or time of 
bloom, there is an evergreen variety which 
will fill the need, so it is unnecessary to grow 
dormant ones to suit a certain location. 

Some of our most successful and loveliest 
Hemerocallis · have a more intense color when 
grown further north than they have in Florida 
gardens. There has been no conclusive ex
perimentation to determine the causes for this 
variation. Some growers think that it is a 
deficiency of some trace amounts of minerals 
in the soil. It is possible that climatic condi
tions are · responsible. It could be caused by a 
combination of factors. However, it is only a 
difference in degree of intensity of color, not 
in tone of color, iu most of them, so this color 
variation does not affect the beauty or de
sirability of the variety, especially those bred 
by southern hyl;>ridizers who exercise discrim
ination in selecting clones for introduction. 

In varieties in which the variation is severe, 
the pastel blooms look faded, or washed out, 
completely lacking in character, and the dark
er ones become "muddy" and dirty ·appearing. 

Since Hemerocallis seem to prefer slightly 
acid, or neutral soil, Florida soils suit them 
well in this respect. However, the plants thrive 
better if they are firmly set in the ground, so 
it is necessary to take particular care in plant
ing them in loose, sandy earth to see that they 
have a firm foundation. An excellent method 
of accomplishing this is to mound up a cone 
of well packed earth in the: center of the hole 
prepared for the plant, firm the cone thor-

oughly with the top only about an inch below 
the surface of the ground, set the crown of 
the plant on this cone with the fleshy roots 
trailing down the sides, draw the earth around 
the roots and firm well. Watering in will as
sist in firming the soil, as well as giving the 
plant a better start. 

Often an examination of a Hemerocallis 
plant which is not thriving will reveal that it 
is planted too deep. A weak plant left planted 
too deep will almost surely die. A strong plant 
will grow roots at a more suitable depth and 
then make a new crown at the new depth, 
needlessly setting the plant back in satisfac
tory growth. Even when not planted too deep
ly, a plant will sometimes "settle" into soft, 
sandy soil and either die or be forced to grow 
new roots and crown. Sand drifts easily, and 
it is possible for the drift to cover roots too 
deeply. So it is desirable to watch for signs 
of being too deeply planted and remedy this 
as quickly as possible .. 

Hemerocallis like to have plenty of or
ganic matter in the soil, and that is sometimes 
almost completely lacking in sandy soils, so it 
is well to add some such to light soils to reme
dy this deficiency. This also assists in prevent
ing the plant from sinking, and as the matter 
-is added in the form of a mulch, it will prevent 
the sand from drifting to a certain extent. 

Another climatic factor which favors the 
growth of Hemerocallis in Florida is the pat
tern of our rain fall. They grow and bloom 
better if there is a copious supply of water in 
the blooming season, but lack of water during 
the winter does not hurt them, so as summers 
are the times of greatest rainfall and winters 
are usually rather dry, in normal years, the 
rainfall pattern is favorable to their growth. 

It would take longer than the time allotted 
for this paper to give a complete list of Hem
erocallis which would be satisfactory for Flori-

_da, nevertheless, the paper would not be com
plete without naming some. Among those 
listed are some which are very old, but still 
lovely and desirable, even though they can 
be acquired very cheaply because they have 
multiplied so plentifully. Also included are 
new introductions priced up to $25.00 a fan. 
They are divided into color groupings. They 
could also be divided according to blooming 
time, or height of scape. They could be ar
ranged alphabetically. 
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Yellow: Mrs. B. F. Bonner, Dauntless, Gold
en Moth, High Noon, Cellini, Easter Morn, 
Herkimer Johnson, Princess, Arla, Patricia, · 
Camelot, Honey Mist, Heloise, Wau Bun, 
Soudan, Taruga; Capistrano, Blond Butterfly, 
Lucile, Madge Vaughn, Ruth Bayless, Susan 
Wynn, Miami Moon. 

Orange: Naranja, Swan, Play Boy, Babette, 
Queen of Gonzales, Painted Lady, Odessa. 

Pink and Rose: Show Girl, Georgia, Salmon 
Sheen, Aurora, Paul Ihrig, Marcia, Rose Gem, 
Surf Side. 

Eyed: Caballero, Annie Oakley, Sequin; 
Cathedral Towers, Madam Butterfly, Dorothea. 

Bicolor: Royal Lady, Cornell, Athlone, Pied 
Piper, · Mamie Lake. 

Crimson and Scarlet: Blanche Hooker, 
Scarlet Sunset, Jack, Red Bird, Ruby Supreme, 
Tamiami, Garnet Robe, Ming Toy, Jody, 
Lochenvar, Kanahapa, Man o' War, Kadie 
Bird, Tyrol. 

Lavender and Purple: Lilac Time, Niobe, 
Purple Mist, Sweet Alice, Amherst, Concordia, 
Ganymede, Pansy Purple. 

Pastel: Prima Donna, Brocade, Nantahalla, 
Aurora. 

Dark Red: Raven, Genga Din, Midnight 
Velvet, Nevermore. 

Brown: Brackel, Cluny Brown. 

THE PALM SOCIETY 

DENT SMITH 

President, The Palm Society 

Daytona Beach 

The subject of The Palm Society would be 
a very boring one if I were to talk about the 
details of an organization, so I shall try to 
keep those details to a minimum. The palms 
themselves are more important and much 
more interesting. The Society is of no signi
ficance except as its activities relate to the 
palms. It is not a social organization in any 
sense, but rather a group of people trying to 
learn more about the palm · flora of the world 
-a subject in which ignorance still outweighs 
the body of acquired knowledge. This knowl
edge has progressed only out of its dark age 
into a sort of medieval state where it still falls 
short of being either satisfactorily advanced or 
complete. 

The history of the Society is a brief one. In 
November, 1955, about a dozen persons work
ing with the palms agreed that it would be 
a good thing to form a society dedicated to 
all phases of interest in that family of plants, 
whether scientific, cultural, aesthetic or utili
tarian. In the ensuing twelve months the mem
bership has steadily grown to the number of 
218 members in the United States and 21 
other lands, so that the Society begins to take 
on an international character. This is as it 
should be, for the palms circle the globe and 

know nothing of international boundaries. 
Both here and abroad the Society functions 
entirely by means of its publications. 

How many kinds of palms inhabit the Earth 
is not known. After the turn of the century 
the number was estimated to be one thousand. 
The number has had to be revised upward 
many times. One guess today is 5,000 or more, 
but it is a guess. Science is aware of several 
thousand species, belonging to several hun
dred genera. Among . these great numbers will 
be found enormous differences in form and 
growth habits. Some palms have subterranean 
trunks only, some have creeping or prostrate 
trunks, and others erect straight shafts that are 
among the tallest to be found in nature. One 
species of the Andean wax palms, genus 
Ceroxylon, teaches 200 or more feet in height, 
and before the Sequoias and all the eucalypts 
were known, was believed to be the tallest liv
ing thing on the planet. Another kind of palm, 
by contrast, becomes fully adult at a height of 
only eight i_nches. The· rattan palms and their 
allies grow as vines for hundreds of feet into 
and over tall trees. The Nipa palm grows 
profusely in the brackish water of tidelands, 
while other kinds grow in fresh-water swamps, 
others on sand dunes or rocks, others in the 
niches and cracks of cliffs, and still others in 
a further great variety of situations. Many 
palms are cespitose or stoloniferous, growing 
in clumps that range from small to immense. 
Not everyone· realizes that a good proportion 
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of the palms is unfriendly to animals, includ
ing man; a great many kinds are armed with 
fearful spines in some or nearly all of their 
parts, a fact that does not aid in collecting 
them. Palms are shrubs or vines or trees, and 
some of them are also freaks. Colpothrinax 
Wrightii has a monstrous swelling in the mid
dle of its stem, like the body of an anaconda 
that has swallowed a deer; palms of the genus 
Iriartea have their trunks perched up on huge 
stilt-roots many feet above the ground. The 
kinds of palms already seem almost infinite 
in their differences, and there is often much 
variation within a single species, as in Chamae
rops; but some areas of the world have not 
been thoroughly explored, and there are still 
large areas not yet explored for palms at all. 

This recitation of simplicities is by way of 
pointing to the vastness of the field. The dif
ficulties that face the student would make a 
subject in itself. Too many of our cultivated 
palms, even, remain to be classified or identi
fied. Some of the commoner palm genera are 
"imperfectly understood"-a phrase frequently 
recurring in the literature. The nomenclature 
is still, in numerous cases, either in a state of 
disagreement or of change; but this is hardly 
to be wondered at, for the business of obtain
ing good herbarium material is often attended 
by frightful obstacles, especially when it comes 
to collecting huge palms in remote· places and 
the spiny climbers in nearly impenetrable 
jungles. The taxonomist is also up against poor 
and incomplete old specimens in herbaria both 

here and abroad, so that his findings can be 
no better than the material he has to work 
with. In the Palmaceae, systematic botany and 
taxon_omy still have a long way to go. 

In Florida and elsewhere in the ·United 
States, confusion of species is not only wide
spread but universal in _ the genera Chamae
dorea,. Thrinax, Coccothrinax, Acrocomia and 
Butia. It exists more or less, in several other 
genera of introduced palms, e, g., Areca, 
Arenga, Phoenix, etc., though most of the 
difficulties in Phoenix seem to stem from 
probable hybridization. Confusion . is com
pounded, in the trade, by the very natural 
habit of clinging tenaciously to old binomials 
that have long since been superse9ed, as in 
the classic example of Cocos plumosa instead 
of the modern acceptance, Arecastrum Roman-

zoffianum; and in generic names, Areca for 
Chrysalidocarpus. 

I trust that I have made the need for a 
palm society fairly apparent. Other matters 
not yet mentioned also prompted the idea. 
There is the great difficulty of finding Eng
lish texts that throw light into dark corners. 
Many monographs and other technical treat
ments are out of print and hard to come by. 
Published information on the culture of palms 
is scant and fragmentary. There is no accur
ate up-to-date check-list of the palms culti
vated in the United States. To the amaze
ment of beginning collectors, there is no such 
thing as a book containing brief descriptions 
of several hundred different palms, together 
with simple cultural directions. All of these 
facts, taken together, are what prompted the 
idea of founding the Society in the first place. 
In the plainest terms, we wished to learn the 
names of the palms, their growth habits, their 
adaptability to different soils and climates, 
their botanical characters, and in. fact every
thing else worth knowing about them. The gen
eral public assumes that all these things are 
common knowledge already, and would be 
astonished to learn that just the reverse is 
true. 

Which brings me back to The Palm So
ciety. It does not exist in order that a group 
of people may admire the palms in concert. 
Anyone_ may admire them and sing their 
praises without being a member of anything. 
Nor · does it exist because oP what we know. 
It exists because of what we do not know. Its 
activities, apart from the main one of at
tempting to acquire more knowledge, do not 
extend to physical experimentation with palms, 
the handling of seed, the preservation of palm 
stands, or propaganda for planting public 
roads and parks. All these activities_ are proper 

· ones for the individual members, and desir
able though some of them may be, the Society 
is not organized in such a manner as to en
gage in them. On the contrary, it has its hands 
full with the business of finding out what the 
palms are, how to propagate and grow them, 
where they may be successfully grown, and 
what palms are now being grown where. 

Forgetting for the moment the tremendous 
utilitarian and economic value of the palms, 
the family is one of the largest and noblest in 
the plant world, well deserving of Linnaeus's 
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term: Principes, the princes of the vegetable 
kingdom. It is so big that the study constitutes 
a challenge to the imagination. It is so big 
that, for a long time, much will remain to be 

· learned and to be conquered. It is so big, so 
difficult and so important that, I must admit, 

we have been rather late in making a start with 
a palm society. But it could never be too late, 
short of another century or longer; for in the 
meantime there is work to be done, knowledge 
to be gained and satisfaction to be had from 
making even a dent in ignorance. 

COMPARISON OF 'HAPPINESS' ROSE PRO
DUCTION ON FOUR ROOTSTOCKS 

S. E. McFADDEN, JR. 

Department of Ornamental Horticulture 

University of Florida 

Gainesville 

The long-stemmed red flowers of the Hybrid 
Tea rose variety 'Happiness' are marketed as 
one of the choice cut-flowers of the florist 
trade. With improvements in cultural methods 
and materials in recent years, the possibility 
has developed of growing 'Happiness' and oth
er select rose varieties out-of-doors in Florida 
to supply commercial cut-flower markets; this 
possibility is being explored in several locali
ties throughout the state. 

This investigation is an attempt to determine 
the influence of rootstock differences on the 
quantity and quality of flowers produced by 
the 'Happiness' rose. While flower yield data 
from this experiment · will not be completed 
until December of this year, this report of data 
obtained thus far is presented to point out 
an apparent superiority of Rosa fortuneana 
stock which has appeared in the test com
parison with three other stocks-R. multiflora, 
R. odorata, and var. 'Dr. Huey'. 

PLANT MATEnIALS AND METHOD 

OF CULTIVATION 

Each of the plants included in the test was 
propagated by graftage (October 1954) of a 
'Happiness' bud on container-grown stock 
which had been produced by rooting stem cut
tings ( May 1954). Four specimen plants on 
each of the four stocks were selected for test
ing. These were equally divided for planting 
in two field locations-replicates I and II. 

Soil conditions differ in respect to the depth 
of the top sand layer at the two locations. The 

deeper sand layer of replicate II location has 
seemingly furnished a more adequate drainage 
and aeration. Soil was similarly prepared for 
each of the two replicates one month before 
planting (February 1955) by mixing a four 
inch layer of Florida peat and superphosphate 
( 4 lbs/ 100 sq. ft. bed area) with the top 12 
inches of native soil. Both locations furnish 
full daily sunlight. The plants were arranged 
in a single east-west row and were spaced 4 
feet apart in each replicate. A three-wire trellis 
over the row was provided to support taller 
cane growth and anchorage for the plants 
when high velocity winds occur. Two organ
ic mulch treatments were included in each 
replicate-pine sawdust and tung-nut hulls. 
These were added to . the surface of the bed 
soon after the plants were established, forming 
two to four inch layers. Beds were curbed 
with cypress boards treat,ed with a wood pre
servative. 

The attempt has been made to keep other 
cultural treatments uniform. A weekly spray 
application of the fungicide captan has kept 
the foliage free of blackspot during the two 
year period of this test. Insecticides have been 
added to the fungicidal spray solution at times 
when they were needed. Soluble nutrient ma
terials have been included with .the fungicide 
at eight week intervals to supplement four 
ground applications of 6-6-6 fertilizer (2 lbs./ 
100 sq. ft. bed area) furnished during each 
year. Irrigation was supplied during periods of 
low rainfall. 

During the spring and summer seasons of 
1955, flower buds were removed as they 
formed, or cut with short stems, to encourage 
vegetative growth. The flowering season 1955 
ended during the third week of December; 
plants were pruned during January 1956 to 
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remove small shoots and reduce the number 
of lateral branches on each healthy cane; first 
flowers of this year were cut during the third 
week of March. 

MEASUREMENT OF FLOWER PHODUCTION 

The total flower production of each plant is 
being recorded during this second year of ' 
cultivation. All flowers are removed in '"tight ' 
bud" stage of development, when the first 
outer petal begins to loosen, to simulate com
mercial cutting practice. At the time flowers 
are cut they are classified as saleable or un
saleable by the appearance of the bud and 
stem. Those classified as saleable are graded 
according to stem length-6, 9, 12, 15, 18, and 
21 inch or longer grades. 

RESULTS 

As indicated in Table 1, flower yield from 
replicate II of the top three stem-length 
grades is considerably greater from replicate 
II than from replicate I. It is suspected that, 
in addition to other adverse soil conditions in 
Replicate I, an infestation of the crown gall 
bacterium is present-the presence of this 
disease might account for the low yield of 
certain individual plants included in the test. 

Table 2 shows the weekly yield of saleable 
flowers ( 6-21 inch stem grades) in replicate 
II during the first 31 weeks of the 40 to 45 
week flowering period expected in the Gaines
ville area .. As with other roses which bloom 
throughout the growing season, flower pro
duction of the variety 'Happiness' typically 
occurs in cycles of five to eight weeks dura-

tion. Peaks in number . of flowers harvested, 
indicated by asterisks in Table 2, are usually 
referred to as a "flush of bloom." These data, 
shown in Table 2, suggest that the type of 
rootstock used, as well as climatic factors, may 
influence the number of· flushes of bloom ob
tained, or the periodicity of these cycles in 
bloom production. 

In addition to the flowering cycles charted 
in Table 2, two more peaks in cut-flower 
yield are expected" before continued low tem
perature checks growth and flower initiation. 
One of these occurs early in November, the 
other in mid-December. The early November 
flowering is comparable to .that occurring in 
May in the superior quality of flowers pro
duced. 

The flower production averages from three 
of the stocks tested R. multiflora, R. odorata 
and var. 'Dr. Huey' have shown no pro
nounced differences, but in contrast, . the R. 
fortuneana (DBL. WHITE CHEROKEE) 
stock has shown a marked superiority, aver
aging almost double the number produced 
on plants of each of the other three stocks. 
The vigorous growth of the 'Happiness' rose 
obtained on the R. fortuneana stock is indi
cated both in the yield of saleable flowers and 
the percentage of these which were cut ·with 
15 inch or longer stems. 

Although plants on this rootstock are not 
currently available from trade sources, the 
possibility of producing graft combinations on 
this stock by mist propagation methods is 
open to our enterprising nursery industry. 

FLORIDA NURSERY LAW 

p AUL E. FmERSON 

State Plant Board of Florida 

Gainesville 

With the battles that are being waged in 
Florida today against the Mediterranean Fruit 
Fly and the Burrowing Nematode, there can 
be little doubt in the minds of Floridians of 
the necessity of protection of our vast agricul
tural industries from the lurking ravages of 
dangerous pests. To afford the type of pro
tection so essential is the, function of the State 
Plant Board, created by Acts of the Legisla-

ture of 1915, 1927, and 1955, and charged 
with the establishment and execution of Plant 
Quarantine measures, with eradicating dan
gerous insects and diseases, and with pre
venting their spread. 

While much emphasis is quite properly be• 
ing placed on the improvement of varieties, 
cultural methods and fertilizer practices and 
upon improved marketing facilities, the fact 
remains that the well-being of the valuable 
agricultural interest of Florida and the nation 
is dependent to a large degree upon the ab
sence of injurious insects and diseases. The 
freedom from insects and diseases is equally 
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dependent upon an effective plant inspection 
and quarantine system. 

Since the movement of infested or infected 
nursery stock provides one of the most effec
tive means for the rapid and widespread dis
semination of plant pests, every effort is made 
to see that such plants are free of dangerous 
insects and diseases. To be eligible for certi
fication, nursery stock must be reasonably free 
of the common insects and diseases that are 
known to be generally distributed in the state. 
The inspection of nursery - stock is accom
plished by plant inspectors located in 29 dis
tricts covering the entire state. These inspec
tors averaged 2.3 inspections per nursery last 
year for the 4,404 nurseries under inspection. 

Until 1955 the State Plant Board was con
cerned directly only with insects and diseases. 
The 1955 Legislature amended the Florida 
Plant Act of 1927 to make the grading of 
nursery stock mandatory, and provided for 
the assessment of an annual inspection fee not 
to exceed twenty-five dollars ( $25). The 
State Plant Board is now collecting a fee from 
each nursery, stock dealer, and agent to help 
defray the cost of the inspection service. The 
Board is also working · very closely with a 
Grades and Standards Committee appointed 
by the Florida Nurserymen and Growers As
sociation and with other nurserymen in es
tablishing suitable grades and standards for 
Florida nursery stock. When such grades and 
standards have been approved by the nursery 
industry and by the Board they will be pub
lished and put into operation as soon as prac
ticable, thereafter. 

It is felt by many progressive nurserymen 
and regulatory officials that the grading of 
our nursery stock will improve the quality of 
stock being grown in the state and will ulti
mately result in a finer industry, 
• While the Board is responsible for the ad
ministration of the grading of nursery stock, 
it is planned to have each nurseryman · grade 
and label his own plants. This cannot be done, 
of course, until he has learned how to grade 
the plants which he is selling. It is planned to 
give everyone concerned an opportunity to 
get the necessary know-how through the dis
tribution of literature, meetings of inspectors 
with small groups of nurserymen, and by the 
use of educational movies. With , the under
standing and cooperation of the nurserymen 

and the Board personnel, ti e grading of nurs
ery stock can be made to work, but it must 
have the full support of th nursery industry. 
It should not be attempted without that sup
port. 

The Florida Plant Act ( hapter 581, Flori
da Statutes) and the Rule and Regulations 
of the State Plant Board pertaining to the 
movement of nursery stock into or within the 
State are quoted to give th interested readers 
an opportunity to study th laws which pro
tect the agricultural interes s of Florida. 

581.01 
581.02 
581.03 
581.04 
581.05 
581.06 
581.07 
581.08 
581.081 
581.082 
581.09 
581.10 
581.11 
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581.13 
581.14 
581.15 
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STATE PLANT OARD 
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Principal responsi le for agent, etc. 
Annual appropriat on. 
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Boll weevil contra . 
Definitions. 
Control of spreadi g decline; appro~ 

priations. 
581.01 State Plant Boar !.-The state plant 

. board, called the board in t is chapter, shall be 
composed of the same pers ns who constitute 
the board of control of Flo ida, and all of the 
authority granted to the b ard and all of the 
duties required of it shall be exercised and 
performed by the member of the board of 
control, acting as the stat plant board. The 
board shall appoint a chi f executive officer 
who shall be known as th state plant com
missioner, called the co missioner in this 
chapter, whose authority, uties and respon
sibility shall be such as the board shall direct: 
A majority of the members of the board shall 
constitute a quorum for , 11 purposes. The 
chairman of the board shall e selected annual
ly by the members thereof. They shall be pro
vided with a suitable offic or offices at the 
University of Florida whe e the meetings of 
the board may be held and its records shall be 
kept. 
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581.02 Same; duties and authority.-The 
board shall protect the agricultural and horti
cultural interests of the state, and to that end 
it shall: 

( 1) Inspect, or cause to be inspected by 
duly authorized employees, plants, plant 
products or other things and substances that 
may, in their opinion, be capable of dissemin
ating or carrying insect pests and diseases, and 
for this purpose shall have the power to enter 
into or upon any place and to open any 
bundle, package or other container, containing 
or thought to contain, plants or plant products 
or other things capable of disseminating or 
carrying insect pests or diseases; 

( 2) Carry on investigations of methods of 
control, eradication and prevention of dissem
ination of insect pests and diseases, and for 
that purpose may employ the necessary ex
perts and may rent, lease or purchase the 
necessary land when required for this purpose; 

( 3) Supervise or cause to be supervised, the 
treatment, cutting and destruction of plants 
when necessary to prevent or control the dis
semination of insect pests and diseases or to 
eradicate same and to prescribe rules and 
regulations therefor; 

( 4) Inspect, or cause to be inspected, all 
nurseries in the state at such intervals as they 
may deem best, and they shall have plenary 
power to make all such rules and regulations 
governing nurseries and the movement of 
nursery stock therefrom or the introduction of 
nursery stock therein as they may deem neces- · 
sary in the eradication, control or prevention 
of the dissemination of insect pests and 
diseases; 

( 5) Make and publish standard grades for 
nursery stock; 

( 6) Make rules and reguhitions governing 
the grading, marking, sale and distribution of 
nursery stock by nurserymen, dealers and 
agents; · 

(7) Provide rules and · regulations under 
which nursery stock may be brought into this 
state from other states, territories and foreign 
countries; 

( 8) Make such rules and regulations with 
reference to plants and plant products while 
in transit through this state as may be deemed 
necessary to prevent the introduction into and 
dissemination within this state of injurious 
plant pests and diseas61i; 

( 9) Demand of any person who has plants 
or plant products or other things likely to 
carry insect pests and diseases in his posses
sion to give full information as to the origin 
and source of same, and it shall be a misde
meanor for such person to refuse to give the 
information demanded, if able to do so; 

( 10) Declare a dangerous insect pest or 
disease to be a public nuisance as well as any 
plant or other thing infested or infected there
with or that has been exposed to infestation 
or infection and therefore likely to communi
cate same; 

. ( 11) Declare a quarantine against any 
area, place, nursery, grove, orchard, county 
or counties within this state, other states, ter
ritories, foreign countries or portion thereof in 
reference to dangerous insect pests or diseases 
and prohibit the movement within this state 
or any part thereof, or the introduction into 
this state from other states, territories or for
eign countries of all plants, plant products or 
other things from such quarantined places or 
areas which are likely to carry such dangerous 
insect pests and diseases if such quarantine be 
determined, after due investigation, to be 
necessary in order to protect the agricultural 
and horticultural interests of this state. In 
such cases the quarantine may be made abso
lute, or rules and regulations may be adopted 
prescribing the method and manner under 
which the prohibited articles may be moved 
into or within, sold or otherwise disposed of 
in this state; 

( 12) Intercept and inspect, while in transit, 
or after arrival at destination, all plants, plant 
products or other things likely to carry insect 
pests and diseases being moved in this state 
or brought into this state from another state, 
territory or foreign country, and if upon in
spection the same be found to be infested or 
infected with an injurious insect pest or disease 
or if such material is believed to be likely to 
communicate or transmit same or· is being 
transported in violation of any of the rules and 
regulations of the board, then said plants, 
plant products or other things may be treated 
when necessary and released, returned to the 
sender or destroyed, such disposition to be 
determined under rules and regulations to be 
prescribed by the board; 

( 13) Purchase all necessary materials, 
supplies, office and field equipment and other 
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things and make such other expenditures as 
may be essential and necessary in carrying out 
the provisions of this chapter within the limits 
of the amount appropriated by law; 

(14) Make and issue and revoke certifi
cates of inspection to 'nurserymen, dealers and 
agents in the state, after proper inspection of 
their nursery stock, authorizing them to do 
business as nurserymen, dealers or agents 

-within the state; 
( 15) Make and publish reasonable rules 

and regulations governing the application for, 
issuance and revocation of such certificates of 
inspection; 

( 16) Appoint such assistants, inspectors 
and other employees as may be required, and 
prescribe their duties and fix their compensa
tion, delegate to such assistants, 'inspectors and 
other employees such powers and authority 
as may be deemed proper within the limits of 
the power and authority conferred upon the 
board by this chapter; 

( 17) Enter into cooperative arrangements 
with any person, municipality, county and 
other departments of this state, and boards, 
officers and authorities of other states and the 
United States for inspection with reference to 
insect pests and plant diseases and for the con
trol and eradication thereof and contribute a 
just proportionate share of the expenses in
curred under such arrangements ; 

( 18) Publish at regular intervals, to be de
termined by it, an official organ of the board 
for public distribution and may from time to 
time publish and distribute to the public such 
further information as may be deemed neces
sary; 

( 19) Enforce the provisions of this chapter 
and the rules and regulations made pursuant 
thereto by writ of injunction in the proper 
court as well as by crimin,al proceedings. A 
single act in violation of the provisions of this 
chapter shall be sufficient to authorize the 
issuance of an injunction. The attorney gener
al, the state attorneys, prosecuting attorneys, 
county solicitors, and all public prosecutors 
in each county shall represent the board when 
called upon to do so. The , board in the dis
charge of its duties and in the enforcement 
of the powers herein delegated may employ 
counsel, send for books and papers, administer 
oaths and hear witnesses, and to that end the 

various sheriffs throughout the state shall serve 
all summonses and other papers upon request 
of said plant board. 

581.03 Rules and regulations. - All rules, 
regulations and standard grades for nursery 
stock made by the board shall be promulgated 
by publishing same in the official organ of 
the board, or by giving such other reasonable 
public notice as may be prescribed by the 
board; provided that in case of emergency 
where it is necessary to place a quarantine to 
take effect immediately, the promulgation may 
be made by proclamation of the governor on 
the request of the board. Printed copies of all 
acts, rules, regulations, standard grades of 
nursery stock, quarantines or notices of the 
board which shall be published under the , 
authority of the board shall be admitted as 
sufficient evidence of such acts, rules, regula
tions, standard grades of nursery stock, quar
antines or notices in all courts and on all oc
casions whatsoever; provided the correctness 
of such copies be certified by the chairman 
of the board. 

581.04 Review for person affected. - Any 
person affected by any rule or regulation made 
or notice given pursuant to this chapter may 
have a review thereof by the board for the 
purpose of having such rule, regulation or 
notice modified, suspended or withdrawn. Such 
review shall be allowed and considered and 
the cost thereof fixed, assessed, collected and 
paid in such manner and in accordance with 
such rules and regulations as may be pre
scribed by the board. 

581.05 Introduction of injurious disease. -
The introduction into this state of any live in
sect or specimen of any disease injurious to 
plants, except under a special permit issued 
by the board is prohibited. 

581.06 Information to board.-Any person, 
including common carriers, who receives 
plants, plant products or other things sold, 
given away, carried, shipped or delivered for 
carriage or shipment within this state, as to 
which provisions of this chapter and the rules 
and regulations made pursuant thereto have 
not been complied with, shall immediately in
form the board or an inspector thereof and 
isolate and hold the said plant, plant product 
or other thing unopened or unused subject to 
such inspection or other disposition as may be 
provided by the board. 
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581.07 Quarantines.-Whenever the board 
under the provisions of this chapter shall de
clare a quarantine against any place, nursery, 
grove, orchard, or county of this state, other 
states, territory or foreign countries as to a 
dangerous insect pest or disease, it is unlawful 
thereafter until such quarantine is removed 
for any person to introduce into this state, or 
to move, sell or otherwise dispose of within 
this state any plant, plant product or other 
thing included in such quarantine, except un
der such rules and regulations as may be pre
scribed by the board. 

581.08 Nursery stock; sale, etc.-It is un
lawful for any nurseryman, dealer or agent to 
sell, give away, carry, ship or deliver for 
carriage or shipni.ent any nursery stock except 
in compliance with the provisions of this 
chapter and the rules and regulations made 
pursuant thereto. 

581.081 Certificate of inspection. - Before 
any nurseryman, dealer or agent shall sell or 
distribute, or offer for sale or for distribution, 
any nursery stock in this state he shall apply 
to the board and obtain a certificate of in
spection indicating that he has complied with 
the provisions of this chapter and the lawful 
rules and regulations made and promulgated 

• by the board. Each application for a certifi
cate of inspection shall be accompanied by a 
certificate fee in such amount as shall be de
termined by the board; and upon the issuance 
of such certificate it shall be renewed annually 
thereafter upon its anniversary date, upon sat
isfactory showing to the board that the pro
visions of this law and the regulations of the 
board have been complied with and upon 
the payment of an annual renewal fee in such 
amount as shall be determined by the board; 
prc;>vided, however, that neither such certifi
cate of inspection fee nor such annual renewal 
fee shall exceed twenty-five dollars. All 
moneys received by the board under the pro
visions of this section shall be deposited with 
the state treasurer in the state agencies fund, 
and shall be used by the board to defray its 
expenses in carrying out the additional duties 
imposed on the board by this chapter. 

581.082 Certificate of inspection; revoca
tion.-If it shall be determined bv the board 
that any nurseryman, dealer or ag~nt is selling 
or offering for sale, or is distributing or offer
ing to distribute, nursery stock in violation of 

the provisions of this chapter, the board may 
revoke his certificate of inspection or annual 
renewal thereof; provided the holder of the 
certificate has been given an opportunity by 
the board for public hearing not less than 
thirty days after notice to him by registered 
mail. 

581.09 Penalties for violations.-Any person 
who shall violate any provisions or require
ment of this chapter or of the rules and regu
lations made thereunder or of any notice given 
pursuant thereto, or who shall forge, counter
feit, destroy or wrongfully or improperly use 
any certificate provided for in this chapter or 
in the rules and regulations made pursuant 
thereto or who shall interfere with or obstruct 
any in;pector or other employee of the board 
in the performance of his duties, shall be 
deemed guilty of a misdemeanor and upon 
conviction thereof shall be punished by a fine 
of not less than twenty-five dollars nor more 
than five hundred dollars, or by imprison
ment for not more than six months. 

581.10 Principal responsible for agent, etc. 
-In construing and enforcing the provisions of 
this chapter the act omission or failure of 
any official,' agent or' other person acting for 
or employed by any association, partnership, 
corporation or other principal within the scope 
of his employment or office shall in every case 
be deemed the act omission or failure of such 
association, partne~ship, corporation or other 
principal as well as that of the individual. 

581.11 Annual appropriation.-For the pur
pose of carrying out the provisions of this 
chapter, there shall be appropriated in the 
biennial appropriation act such sums as may 
be necessary out of the general revenue fund. 
All expenditures by the board shall be upon 
a written voucher drawn by the board in du
plicate stating the nature of such expenditure 
and the person to whom same shall be made 
payable, which voucher shall be submitted to 
the comptroller of the state and audited and 
approved by him. Upon such approval the 
comptroller shall draw his warrant upon the 
sta.te treasurer for the payment thereof. No 
voucher shall be issued or drawn by the board 
for the payment of any moneys unless the 
same be approved by said board and counter
signed by the chairman and the secretary 
thereof. 
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581.12 Board a body corporate.-The state 
plant board created by this chapter is declared 
and created a corporate body. The said cor
poration shall have power to contract and 
be contracted with and to have and possess 
all the powers of a body corporate for all 
purposes necessary for fully carrying out the 
provisions and requirements of this chapter. 
The board shall have a corporate seal to be 
selected by it. 

581.13 Boll weevil control.-The state plant 
board shall investigate, devise and improve 
means and methods of controlling the boll 
weevil and other injurious insects of the cotton 
crop; shall investigate and devise means or 
methods for preventing or controlling the wilt 
disease and other diseases affecting the cotton 
crop; employ the necessary persons for con
ducting such investigations and publish the re
sults of such investigations and other informa
tion pertinent thereto; and shall take such 
other steps as in its judgment may be neces
sary or advisable to place such information in 
the hands of farmers and other interested citi
zens. 

581.14 Definitions.-For the purpose of this 
chapter, the following terms, when used in this 
chapter or the rules, regulations and orders 
made pursuant thereto, shall be construed, 
respectively, to mean: 

"Insect Pests and Diseases."-Diseases and 
insect pests, injurious to plants and plant prod
ucts of this state, including any of the stages 
of development of such diseases and insect 
pests. 

"Plants and plant products."-Trees, shrubs, 
vines, forage and cereal plants, and all other 
plants, cuttings, grafts, scions, buds, and all 
other parts of plants; and fruit, vegetables, 
roots, bulbs, seeds, wood, lumber, and all 
other plant products. 

"Nursery stock." -All plants, trees, shrubs, 
vines, bulbs, cuttings, grafts, scions, and buds 
grown or kept for or capable of propagation, 
distribution or sale. 

"Nursery."-Any grounds or premises on or 
in which nursery stock is grown or propagated 
for sale or distribution. 

"Nurseryman."-Any pei'son engaged in the 
production of nursery stock for sale or dis
tribution. 

"Dealer."-Any person ·not a grower of mus
ery stock in this state ,vho buys or otherwise 

acquires nursery stock for the purpose of re
selling or reshipping independently of any 
control of the nurseryman. 

"Agent."-Any person selling or distributing 
nursery stock under the partial or full control 
of a nurseryman. 

"Places." -Vessels, railroad cars, automo
biles, and other vehicles, buildings, docks, 
nurseries, orchards, and other premises where 
plants and plant products are grown, kept or 
handled. 

581.15 Control of spreading decline; ap
propriations.-

( 1) The state plant board of Florida· is em
powered to join with the U.S. Department of 
Agriculture or to proceed independently in a 
program to control and eradicate, wherever 
possible, spreading decline resulting from a 
burrowing nematode ( Radopholus . similis 
(Cobb) Thorne ), in the state. 

(2) There is hereby appropriated out of 
general revenue one million seven hundred 
fixty-six thousand three hundred dollars to the 
state plant board for its use in controlling 
spreading decline. 

( 3) There is hereby appropriated ninety 
thousand eight hundred dollars to the Florida 
agricultural experiment stations for use by 
the citrus experiment station for additional re
search on spreading decline. 

RULES AND REGULATIONS 

, Ruie ·8. Every nurseryman in this State who 
propagates nursery stock for sale, gift, barter, 
exchange, or distribution, must have the nurs
ery inspected by an authorized inspector of 
the State Plant Board to ascertain its condition 
with respect to plant pests, and shall grade 
and label his plants as prescribed by the 
Board. 

Nursery stock, for the purposes -of these 
Rules and Regulations, means all plants, trees, 
shrubs, vines; and buds, cuttings, grafts, and 
scions thereof, grown or kept for propagation, 
sale or distribution; EXCEPT vegetable and 
field crop plants, flowering annual plants, 
seeds, corms, tubers, bulbs, lawn ·or pasture 
grasses, cut flowers, cut fern, cut foliage and 
other plant material not intended for propaga
tion; \':'hen apparently free from injurious plant 
pests. · 

Rule 8, Sec. A. Before transporting or de
livering for transportation any nursery stock, 
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the nurseryman shall apply to the State Plant 
Board, upon a form to be supplied by the 
Board, for a Certificate of Inspection and for 
certificate tags authorizing the movement of 
the stock This application form shall contain 
a form of contract to be signed by the nursery
man agreeing to comply v,;ith all rules and 
regulations of the Board governing the move
ment of nursery' stock. The application shall 
be accompanied by a remittance sufficient to 
defray the cost of the certificate tags and the 
annual Certificate of Inspection fee as pre
scribed by the Board. The annual Certificate 
of In_spection fee shall be determined by the 
am.aunt of nursery stock in the nursery at 
the time of inventory, but shall not exceed 
twenty-five dollars ( $25.00) . 

Rule 8, Sec. B. Every separate package, 
bundle, box, or container of nursery stock re
quiring certification must have attached con
spicuously to the outside, when moved, a nurs
ery certificate tag. 

In addition to the certificate tag required, 
or as a part of the tag, unless specifically ex
empt in writing by the Board, every plant de
fined as nursery stock, when sold or exposed 
for sale, barter or exchange, shall be plainly 
and legibly labeled by the nurseryman to 
show the botanical or accepted common name, 
including variety and rootstock, where appli
cable, and the grade as prescribed in grade 
standards published by the Board. Only one 
name and grade label is needed on a group of 
plants of the same variety, rootstock, and grade 
when addressed to one consignee, provided 
that the label is also marked to indicate the 
number of plants in the group for which the 
label is intended. An invoice may be used in 
lieu of labels to indicate the number, name 
and grade of plants, provided such invoice 
accompanies the plants and a copy of the in
voice is given . to the consignee at the time 
of delivery of the plants. 

Rule 8, Sec. C. Sec. C, requiring defoliation 
as one of the conditions of movement of citrus 
nursery stock, adopted September 12, 1927; 
repealed September 18, 1933. 

Rule 8, Sec. D. All nursery stock requiring 
certification and which is subject to attack 
by San Jose scale (Aspidiotus perniciosus 
Comst.) shall, immediately before being 
moved, be fumigated with hydrocyanic-acid 
gas at the rate of one ounce of ninety-eight 

per cent sodium cyanide, two ounces of sul
phuric acid, specific gravity 1.83, and four 
ounces of water per hundred cubic feet, or 
be thoroughly scrubbed, using a solution of 
fish oil soap at a strength of one pound of 
soap to three gallons of water, 

Rule 8, Sec. E. Sec. E, requiring scrubbing, 
etc., of citrus nursery stock before movement 
from property where grown, repealed Decem
ber 15, 1949. 

Rule 8, Sec. F. Every nurseryman shall with
in one week after shipment mail or deliver to 
the State Plant Board an invoice covering 
every movement of citrus nursery stock. Such 
invoices must show the date of movement, 
name and address of purchaser, name and ad
dress of consignee if different from purchaser, 
number of citrus plants, and the variety and 
kind of rootstock shipped. Invoices giving de
tailed information on the movement of citrus 
nursery stock are essential due to the im
portance of the citrus industry to the State 
and the danger of spread of such · diseases as 
citrus canker ( Xanthom:onas citri (Hasse) 
Dowson), quick decline, xyloporosis; psorosis, 
and other bud-transmissible diseases. 

Rule 8, Sec. G. When any nurseryman shall 
have repeatedly and persistently failed to 
promptly and accurately provide the State 
Plant Board with records of the movement by 
him of nursery stock as required, or in any 
other respect shall have failed to comply with 
any of the rules and regulations of the State 
Plant Board governing the movement of nurs
ery stock, the unused nursery certificate tags 
issued to him may be recalled by the State 
Plant Board and placed in the hands of an 
Inspector of the Board. The Inspector in whose 
charge the certificate tags are placed shall 
issue same to the nurseryman as occasion re
quires when all rules and regulations of the 
State Plant Board are complied ·with by the 
nurseryman. The services of the Inspector 
shall be paid for by the owner of the nursery 
stock at the time the services are rendered: · 
provided, that the State Plant Board may re
turn any certificate tags recalled under this 
rule whenever the necessity . for the retention 
of the certificate tags by the Board has ceased 
to exist. 

Whenever nursery certificate tags are re
called by action of the Board, it shall be the 
duty of the holder of such tags to surrender 
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same to the Plant Commissioner or other au
thorized agent of the Board. Upon failure to 
deliver such tags they shall become null and 
void and their further use is prohibited. 

Rule 8, Sec. H. Every nurseryman shall at 
any time upon request of the State Plant 
Board give information as to the number of 
certificate tags he has on hand and shall sur
render promptly all unused tags in his posses
sion. All unused certificate tags must be sur
rendered when such become invalid from any 
cause. The alteration or reuse of a certificate 
tag is prohibited. 

Rule 8, Sec. I. No nurseryman shall use a 
certificate tag upon stock other than that for 
which the tag was issued or permit its use by 
another: provided, that a nurseryman may use 
his tags upon stock obtained by him from a 
certified nursery of this State, or upon stock 
brought into this State in compliance with the 
rules and regulations of the State Plant Board. 

Rule 8, Sec. J. The owners, officers and em-_ 
ployees of any nursery which may be found 
at any time infested or infected with any major 
plant pest, or which has heretofore been so 
infested or infected, shall, on demand of the 
State Plant Board furnish a list of all move
ments of nursery stock from said nursery from 
any date set by the Board up to and including 
the date of such demand. Said list shall show 
the names and addresses of all purchasers, the 
names and addresses of all consignees, and a 
complete description of the stock included in 
each and every shipment. 

Rule 8, Sec. K. Persons or firms desiring 
inspection of nursery stock shall file a request 
for inspection with the Plant Commissioner at 
Gainesville, at least 60 days in advance of the 
date upon which they desire to move or sell 
such nursery stock. Persons or firms requesting 
inspection on shorter notice may be charged a 
fee sufficient to defray the expenses of in
spection and certification. 

Rule 8, Sec. L. Sec. L, regulating the move
ment of nursery stock in areas infested with 
Mediterranean fruit fly, was adopted April 
15, 1929; amended June 17, 1929; repealed 
October 14, 1929. 

Rule 9. The State Plant Board shall issue 
annually to nurserymen entitled to receive 
same a certificate of inspection showing that 
the nursery described therein has been in-

spected and found to be in suitable conditioi1 
to permit the issuance of certificate tags. A 
certificate of inspection shall not be issued 
until an annual certificate of inspection fee 
in an amount prescribed by the Board, but 
not to exceed twenty-five dollars ( $25.00), has 
been paid. Such certificates of inspection shall 
expire on June 30 following date of issue. 

Rule 10. The State Plant Board shall have 
printed and supply to each nurseryman upon 
request made upon a blank form prepared by 
the Board, certificate tags authorizing the 
movement of his stock after the same has 
been inspected and found to be entitled to 
movement under the Plant Act of 1927 and 
the rules and regulations made pursuant there
to. An amount sufficient to defray the cost of 
these tags shall be deposited in advance with 
the Board. These tags shaU be valid until re
voked. The wording of the certificate tags shall 
be substantially as that shown under Form 1 
and Form 1-A, Rule 21. 

Rule 10, Sec. A. Certificate tags shall be 
used in accordance with the rules and regula
tions of the State Plant Board and shall remain 
the property of the Board until used and ac
counted for. 

Rule 10, Sec. B. The State Plant Board may 
have made for any nurseryman entitled to 
certificate tags a rubber stamp bearing · such 
certificate under the same conditions that the 
certificate tags are issued. The rules and regu
lations of the Board which apply to the use 
of certificate tags shall also apply to the use 
of rubber stamps bearing such certificates. 

Rule 10, Sec. C. Any nurseryman may have 
a copy of his nursery inspection certificate 
filed with the proper official of any other 
state or country upon request made to the 

• Board. 
Rule 11. Any certificate of inspection may 

be revoked or suspended and all certificate 
tags recalled at any time, for any violation of 
the provisions of the Florida Plant Act of 1927, 
of the rules and regulations of the State Plant 
Board, or of the plant quarantine regulations 
of the United States Department of Agricul
ture, or when any condition develops in the 
nursery which would have prevented in the 
first place the issuance of a certificate. 

Rule 12. No certificate shall be issued for 
the movement of any nursery stock until such 
stock shall have been inspected by an agent 
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of the State Plant Board, and found to be ap
parently free from major plant pests and to 
be in such condition with respect to other 
plant pests as to permit of movement. 

Rule 13. No certificate shall be issued when 
the conditions of growth and cultivation of 
the nursei:y stock are such that an efficient 
inspection for plant pests cannot be made. 

Rule 14. No certificate shall be issued for 
any nursery wherein the stock has been direct
ly exposed through contact or otherwise to 
danger of infection or infestation by serious 
plant pests nor in the case of nurseries located 
within one-fourth mile of known infestation 
or infection of major plant pests: Provided, 
however, that the nurseryman may remove 
such stock under the direction of the State 
Plant Board, and under such precautions as 
may be necessary to prevent danger of trans
mitting infection or infestation, and provided, 
further, that nothing in this rule shall be con
strued as preventing the enforcement of quar
antines to a greater distance than one-fourth 
mile in the case of properties declared . by the 
Board to be infested or infected . with any 
major plant pest. 

Rule 15, with reference to scaly bark, was 
repealed October 23, 1953. 

Rule 16. Any person in this State other 
than a certified nurseryman engaged in the 
business of dealing in nursery stock which re
quires inspection and certification must make 
application to the State Plant Board for the 
issuance of nursery stock dealer's certificate 
of inspection, and dealer's certificate tags, said 
application to be made upon a blank form to 
be furnished by the Board. The applicant 
shall supply the name under which the busi
ness will be conducted and the location. Ap
plicant shall also give the names and addresses 
of all nurseries or others from whom he expects 
to obtain nursery stock and agree that he will 
obtain no nursery stock from any nursery or 
dealer until · he has secured the permission of 
the Board therefor, and that he will deal only 
in nursery stock that has been obtained from 
a certified nursery or dealer in this State or 
has been brought into the State in accord
ance with the rules and regulations of the 
State Plant Board. The applicant must further 
agree to comply with the rules of the Board 
with reference to sending invoices for all 
citrus movements, and the grading of nurse~y 

stock. The application must be sworn to be
fore an officer authorized to administer oaths. 

Rule 17. When an application from a nurs
erystock dealer for Certificate of Inspection 
and for certificate tags has been properly exe
cuted and filed with the State Plant Board, 
if the same be approved and is accompanied 
by an amount sufficient to defray the cost of 
the annual Certificate of Inspection fee and 
of the tags, the Board will issue to the appli
cant Dealer's Certificate of Inspection and 
certificate tags. The Certificate of Inspection 
shall expire on June 30, following date of issue. 
The certificate tags shall be valid until re
voked. The wording of the dealer's certificate 
tags shall be substantially as that shown under 
Form 2 and Form 2-A, Rule· .21. 

Rule 17, Sec. A. The ~,'fate Plant Board may 
have made for any nursery stock dealer en
titled to dealer's certificate tags a rubber 
stamp bearing such dealer's certificate under 
the same conditions that dealer's certificate 
tags are issued. The rules and regulations of 
the Board which apply to the use of dealer's 
certificate tags sh,!ll apply also to rubber 
stamps bearing such certificates. 

Rule 18. Every dealer shall attach a certifi
cate tag to each package, bundle, box, or con
tainer of nursery stock disposed of and shall 
report each citrns transaction by an invoice 
sent to the State Plant Board within one week 
after the certificate tag is used, and not later 
than June 30. Said invoice shall give the date 
of disposition, the name and address of the 
receiver, the number, variety, and rootstock 
of citrus plants. It is essential that citrus move
ments be reported by invoice because of the 
importance of the industry to the State and 
the danger of spread of such diseases as citrus 
canker ( Xanthomonas citri (Hasse) Dowson), 
quick decline, xyloporosis, psorosis, and other 
bud-transmissible diseases. 

Rule 19. Dealer's certificate tags may be re
called at any time by the Board for failure to 
report sales or other movement of citrus nurs
ery stock by sending invoices or for violation 
in other respects of the rules and regulations 
of the State Plant Board. 

Rule 20. Any nurseryman, jobber, person, 
firm, or organization doing business without 
the State of Florida who desires to ship into 
this State nursery stock, as defined in Rule 8 
of these Rules and Regulations, from any 
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State, Territory, or District of the United 
States shall comply with the following regu
lations: 

Rule 20, Sec. A. File with the State Plarit 
Board of Florida an official copy of certificate 
of inspection of nursery stock or nurseries 
signed by the proper State official of the State 
where such stock or nurserv is located. The 
Plant Commissioner may then authorize the 
shipment of inspected nursery stock into the 
State, provided the same be admissible under 
the rules and regulations of the State Plant 
Board. Such authorization to ship nursery 
stock into the State of Florida shall have the 
same expiration. date as the certificate of in
spection of nursery stock filed with the State 
Plant Board by the out-of-state nurseryman. 

Rule 20, Sec. B. Each package, box, bundle 
or container of nursery stock from outside the 
State shall bear an official certificate of nursery 
inspection of the State of origin. In club orders, 
one certificate of nursery stock inspection 
should be attached to each individual order 
and one certificate of nursery stock inspection 
attached to the package containing the indi
vidual orders. 

Rule 20, Sec. C. All host plants of San Jose 
scale ( Aspidiottls perniciosus Comst.) shall, 
immediately before shipment into Florida, be 
fumigated with hydrocyanic-acid gas at the 
rate of one ounce of ninety-eight per cent sodi
um cyanide, two ounces of sulphuric acid, 
specific gravity 1.83, and four ounces of water 
per hundred cubic feet, or be thoroughly 

scrubbed, using a solution of fish oil soap at a 
strength of one pound of soap to three gallons 
of water. 

Rule 20, Sec. D. Sec. D, prohibiting entry 
into Florida of citrus. trees and parts thereof, 
adopted September 12, 1927; repealed June 
25, 1934. (See Rule 28.) 

Rule 20, Sec. E. Any nurseryman, jobber, 
person, firm, or organization doing business 
without. the State of Florida who desires to 
sell nui·sery stock within the State of Florida 
at retail level shall comply with all regulations 
pertaining to Florida nurserymen and dealers. 
He must obtain from the State Plant Board a 
Retail Nursery Stock Permit, and pay an an
nual inspection fee of twelve dollars and fifty 
cents ( $12.50) for each retail outlet but not 
to exceed twenty-five dollars ( $25.00). A 
vehicle from which nursery stock is sold direct
ly to the public shall also be considered a re- · 
tail outlet. All nursery stock sold at retail level 
in Florida must be graded and labeled in ac
cordance with grade standards published by 
the Board. State-of-origin certificate tags may 
be used for retail sales in Florida by out-of
state nurserymen and dealers to whom a Retail 
Nursery Stock Permit has been issued. 
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RESEARCH IN THE ORNAMENT AL FIELD IN 
CONTROL OF MEDITERRANEAN FRUIT FLY 

E. W. McELWEE 

Florida Agricultural Experiment Station 

Gainesville 

The research work in progress at the present 
time in the ornamental field pertaining to the 
Med fly control program, is designed to furnish 
information on t\vo possible problem areas, 
the phytoxicity of i;1secticides presently in use 
and others that offer promise of future use. 

The Department of Ornamental Horticul
ture and the Department of Entomology at the 
Main Station are cooperating to study the sen
sitivity of 20 representative ornamental plants 
to two concentrations of four insecticides. The 
ornamentals to be tested include philodendron, 
pathos, monstera, poinsettia, English ivy, 
climbing fig, hibiscus, bougainvillea, ixora, 
viburnum, eugenia, orange-jessamine, plum
bago, confederate-jessamine, gardenia, croton, 
mango, Carolina laurel-cherry, and Jerusalem 
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thorn. The sprays to be used are: malathion 
and parathion used as sprays, granular dieldrin 
and heptachlor used as soil treatments. All 
sprays will be used with Staley's sauce bait 
No. 2. These materials will be used at two con
centrations, IX and 2X the rate presently 

No. No. 
No. 

recommended, to determine the possible dan
ger to ornamentals should it become necessary 
to increase the rate of application of these in
secticides. 

The variables included in this study will be 
about as follows: 

No. Index 
SpecieS 

20 

Plant 
Per Rep!. 

. 1 
Repl. 

6 
Insecticides 

4 

No. 
· cone. 

2 

This study will be made during winter and 
summer, to determine the effect of tempera
ture on phytotoxicity. 

Dr. W. 0. Wolfenbarger of the Sub-Tropical 
Experiment Station, Homestead, has under
way a study to determine the value and 
phytotoxicity of ethylene dibromide emulsion 
used as a soil drench for container-grown 
ornamentals in preparation for immediate ship-

No. 
l'ndex 

Species 
20 

No. 
Plants / Rep]. 

5 

No. 
Rep!. 

3 

Plants determined to be sensitive to the in
secticides and concentrations presently recom
mended will be used in additional studies to 
determine the effect of soil temperature, pH, 

ment. A successful dip would be valuable to 
commercial nurserymen in reducing the 30-
day waiting period necessary under the pres
ent spray and soil treatment programs. 

Essentially the same group of representa-
tive ornamental plants as listed above will be 
used in this study. The variables involved will 
be about as follows: 

No. of 
Emulsions 

3 

No. 
Rates 
of EDB 

2 

No. 
Moisture 
Variables 

2 

soil moisture, and the composition of the soil 
(low or high in organic matter) on plant toler
ance of these insecticides. 

THE FLORIDA FLOWER AND 
NURSERY INDUSTRY 

CECIL N. SMITH 

Florida Agricultural Experiment Station 

Gainesville 

According to U.S. Department .of Agricul
ture estimates, the sale of greenhouse and 
nursery products accounts for some · five per
cent of all receipts by Florida farmers from 
the marketings of their products ( 9). Re
ceipts from the sale of greenhouse and nursery 
products in Florida during 1955 were esti
mated to be $30,221,000. 

This paper is concerned with the structure 
of the Florida flower and nursery industry 
and some of the trends in and affecting it. 
Statistical data pertaining to the industry will 
he reviewed. In addition, research dealing 

Florida Agricultural Experiment Station Journal 
Series No. 548. 

with the marketing of flowers and ornamentals 
will be discussed. 

Estimates of the cash income received from 
the sale of greenhouse and nursery products 
have been made annually since 1924. When 
measured in terms of the 1955 price level, the 
value of these products in Florida quadrupled 
from the 1925-29 period to 1955. 

The 1949 Special Census of Horticultural 
Specialties' showed the value of sales ( at 
wholesale prices) of all Florida floricultural 
and ornamental horticultur!]-1 crops to be $15,-
877,000 (10). Cut flowers and flowering 

1/Data are included only for those farms which 
reported total sales of all horticultural specialty 
products amounting to $1,000 or more in 1949. The 
Special Census Report, although currently out of 
date, is the only recent source of statistical. data on 
specific flower and nursery ,crops. Data r epo rted in 
the regular Census of Agriculture pertain only to 
overall flower, nursery and miscellaneous horticultur
al specialty groups, 
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plants accounted for 85 percent of the amount, 
nursery products for 14 percent and bulb pro
duction for 1 percent. Of the total, the sale of 
gladiolus constituted 51 percent and asparagus 
plumosus ferns 17 percent. Ornamental plants 
and green or foliage plants each made up nine 
percent. The wholesale value of citrus tree 
sales was three percent of the state total'. 

When stated in terms of the actual value 
of sales, that for all classes reported in the 
Special Census amounted to $18,539,000. 
Flowers and flowering pbnt sales accounted 
for 77 percent of this sum, nursery products 
for 22 percent and bulbs for the remaining 1 
percent. 

The composition of the horticultural special
ty industry as reported in the regular Censuses 
of. 1949 and 1954 differs considerablv from 
that noted in the Special Census of 1949 ( 10, 
11). Some 40 percent of all horticultural 
specialty product sales reported by the regular 
census in both years consisted of nursery prod
ucts. Flowers and flowering plants accounted 
for about 55 percent. The remaining 5 per
cent consisted of sales of bulbs and miscel
laneous items. 

One possible reason for the discrepancy in 
the nursery products classification is that many 
nurseries, because of their small size, were 
omitted from the Special Census of Horticul
tural Specialties. Another is that some nursery 
operators may have failed to report data on 
their operations to the Special Census, 

On the average, the 430 commercial flower 
growers noted in the 1949 Special Census had 
sales of $31,480. This amount compared with 
an average of $7,807 for the 272 nursery op
erators reporting. 

The Regular Census of Agriculture in 1954 
showed a rise of 59 percent over the 1949 
value for the sale of all flower, greenhouse 
and nursery products by Florida farmers. The 
comparable increase in the entire United 
States was 15 percent. Florida was one of the 
very few states to show a substantial increase 
in its flower sales. Flower sales in the Sunshine 
State in 1954 were 71 percent above those five 
years earlier. The respective increases for ( 1) 

2/Citrus trees sales in 1949 were valued at $478,-
544 and included 333,295 orange trees and 124,230 
grapefruit trees. TwentyMtwo percent of the value of 
all nursery product sales was accounted for by citrus 
trees (10), In the year ending June 30, 1956 the 
movement had increased to 4,456,344 citrus trees 
( including seedlings) ( 1). 

nursery products and (2) bulbs and miscel
laneous items were 38 and 115 percent. The 
composition of the industry in 25 leading 
counties in Florida is noted in Table I. The 
data in Table 2 show the Florida counties 
which appear in the list of the top 100 horti
cultural specialty producing counties in the 
United States during 1949 and 1954 ( 12). 

The flower and nursery industry in Florida 
offers employment to a large number of 
people. In 1949 the Special Census reported 
4,917 persons employed by cut flower and 
flowering plant establishments, 1,643 by 
nurseries and 105 by bulb farms - a total for 
those classifications of 6,665 (IO). If an in
crease of 60 percent is assumed for the past 
five· years, the number would be approxi
mately 11,000. However, the writer would 
venture to surmise that the number is in ex
cess of even the latter figure. If to these work
ers are added the nearly 800 persons employed 
in retail florist shops and the myriad of em
ployees of transportation lines, fertilizer and 
supply firms and other agencies servicing the 
flower and nursery industry, it may be seen 
that the allied jobs generated by the flower 
and nursery business may well be in excess of 
the number employed by industry firms. 

The Special Census indicated a figure of 
some $16,000,000 as the value of structures 
and equipment of the Florida horticultural 
specialty industry in 1949. The average nurs
ery had $15,948 so invested as compared with 
$26,296 for the average cut flower and flow
ering plant establishment and $15,186 for 
the average bulb farm. 

Improved technology in production and 
handling practices and the availability of more 
adequate transportation facilities have enabled 
growers to utilize the climatic advantages of
fered by Florida's southern location. Florida 
is now the nation's largest supplier of aspara
·gus plttmosus ferns. Our state also ships more 
than half of all gladiolus spikes entering com
mercial trade channels. It has become impor
tant in producing foliage plants and the recent 
rapid rise of its chrysanthemum industry has 
attracted nationwide attention. Orchids, lilies 
and asters are numbered among the many 
other flowers which are commercially pro-
duced in Florida. · 

Ornamental plants and citrus trees are the 
major nursery products in Florida. Nut trees 
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Table 1,--Number af Farms Reporting and Value of Sales of Nursery Products, Flowers and Flowering Plants 
and Other Horticultural Specialty Products, 25 Leading Counties in Florida, 1954 

All Horii cultural Nursery Products Flowers and Flowering Plants Other Product a 
County Specialty Products Farms Sales Farms Sales Farms Sales Sales · Reporting Reporting Reporting 

Dollars Number Dollars Number Dollars Number Dollars 

Dade 3,741,070 187 2,491,901 150 1,216,409 10 32,760 
Palm Beach 2,904,000 82 981,332 67 1,696,648 8 226,020 
Lee 2,558,900 35 138,500 29 2,402,400 
Orange 2,542,999 134 804,805 79 1,684,344 8 53,850 
Manatee 1,779,854 27 286,440 43 1,493,214 1 200 

Volusia 1,553,527 49 177,084 240 1,373,796 5 2,647 
Lake 1,022,228 91 376,593 35 643,035 4 2,600 
Hillsborough 982,658 139 465,555 42 466,971 21 50,132 
Pinellas 945,530 73 569,695 43 366,710 4 9,125 
Polk 898,416 72 706,608 20 72,033 11 119,775 

Duval 832,650 53 272,523 42 553,460 · 3 6,667 
Seminole 804, 126 32 130,960 31 652,966 6 20,200 
Broward 720,076 73 546,580 8 45,700 6 127,796 
Martin 716,210 13 110,010 16 606,200 
Baker 712, 900 ' 5 535,100 2 177,800 

Brevard 577,711 34 83,414 23 492,597 3 1,700 
St, Johns 507,919 8 17,051 25 490,868 
Jefferson 481,200 7 257,850 18 223,350 
St. Lucie 477,542 12 50,542 14 427,000 
Highlands 471,046 9 172,600 3 16,250 30 282,196 

Indian River 412,430 21 32,680 13 379,700 1 50 
Marion 278,484 34 113,577 9 10,491 11 154,416 
Jackson 243,020 6 36,010 5 206,760 3 250 
Charlotte 224,400 5 24,250 2 200,150 
Sarasota 195,190 27 77,040 11 116,650 1,500 

Other Counties 1,017,224 247 527,427 82 416,039 38 737,758 

STATE OF FLOHDA 27,601,310 1,475 9,986,127 1,034 16,226,191 192 1,388,992 

~ Vegetables grown under glass, flower seeds, vegetable seeds, vegetable plants, bulbs and mushrooms, 

Source: U, S, Bureau of the Census, U. S. Census of Agriculture, 19541 Vol. 11 Counties and State Economic Areas, 
Part 18, Washington: U. S. Government Printing Office, 1956. 

Tobie 2 . --Position ofFl«idaCountles Among the Notion's leading 100 Counties 
in the Sale of Horticu!turcil Specialty Produch, 19S-4 and 1949 

County 195.f Soles 1949 Soles 

Dollars Ronk in U. S. Dollars Rank In U. 5. 

Dade 3,741,070 13 1, 332, 0U 66 

Palm Beach 2,904,000 25 1,323,515 68 

l•• 2,558,900 33 2,782,759 16 

Oronge 2,542,999 36 1,851,975 41 

Manatee 1,779,854 61 2,129,951 33 

Volusia 1,553,527 68 1,258,783 74 

Lake 1,022,228 98 932,372 97 

Hillsborough 982,658 100 667,618 ~ 

o/ Not one of first 100 colinties. 

Source: U. S. Svreau of the Census, U. S. Census of Agriculture: 195:', 
Vol, Ill, Special Repa'ts, Pert 2, Ranking Agricultural Counties, 
·Washington: U. S. Gavernment Printing Office, 1956 . 

and subtropical fruit trees are also important 
components of this industry. According to the 

1949 Special Census, 66 percent of all sales 
( valued at wholesale) of nursery products in 
Florida were classified as ornamental plants. 
Broad-leafed evergreens and ornamental 
evergreens other than broad-leafed were the 
major products in the ornamental plant classi
fication. 

Like almost every phase of our economy, the 
flower and nursery industry is undergoing 
change. Available evidence indicates a tend
ency toward specialization in the production of 
many flower and nursery crops; the large size 
of many gladiolus, chrysanthemum, foliage 
plant and other operations in Florida is ap
parent evidence that many economies of scale 
exist in the business of producing and market
ing such products. The number of retail and 
wholesale growers who produce a wide variety 
of crops has decreased ( 3) . 

Changes are also taking place in the dis
tribution system for flowers and nursery prod-
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ucts. Although wholesale consignment selling 
remains a major method of marketing, there 
has been a trend toward more direct selling 
to retail florists and other retail outlets. Many 
grower organizations maintain extensive sales 
staffs to sell flowers to these accounts. In ad
dition, many wholesale florists, particularly 
those in smaller cities outside the trade areas 
of large metropolitan centers, are purchasing 
a large portion of their supplies on an f.o.b. 
basis . 

Florida cut flower and flowering plant es
tablishments, tend to follow a substantially 
different pattern of marketing their products 
from that of all such establishments in the 
United States ( 10). In 1949 Florida flower 
and flowering plant growers sold 94 percent 
of their products at wholesale and retailed only 
6 percent to consumers. Comparable figures 
for the United States noted that nearly 60 
percent was sold at wholesale and the remain
ing 40 percent was retailed by growers. When 
selling to outlets at wholesale, nearly 60 per
cent of such sales-both in Florida and in the 
United States-were made to wholesale estab
lishments and the remaining 40 percent to re
tail establishments. 

Nurseries in Florida received 31 percent of 
their income in 1949 from sales made at whole
sale and 69 percent from those made to re
tail buyers. Of the sales at wholesale prices, · 
10 percent were made to wholesale establish
ments and the remaining 90 percent to retail 
businesses. 

Data tabulated by the State Comptroller 
indicated a retail sales value of some $19,-
000,000 from flower and nursery products in 
the 1954-55 fiscal year ( 2). Information on 
approximately 900 establishments was in
cluded in this report. Although classified by 
the Comptroller as florists' shops, it is very 
probable that the sales of nurseries, nursery 
sales yards and other outlets may be included 
in these data. If to these are added the sales 
of variety stores, department stores, super
markets and other outlets not primarily hand
ling flower and nursery products, the total 
would probably be increased considerably. 

The recently completed Census of Business" 
reported $8,843,000 in sales during 1954 by 
383 retail florists in Florida ( 13). The average 

3 /Sales of $6,057,000 in 1954 were reported by 31 
flower, bulb and plant wholesa lers in Florida (14). 

sales per establishment were slightly more than 
$23,600. Of the total, 53 percent of all retail 
florists and 60 percent of all sales were in the 
metropolitan areas of Miami, Jacksonville, Or
lando, and Tampa-St. Petersburg. 

The retail and service trade in flower and 
nursery crops has tended to become . less 
specialized. Nursery products and some flow
ers and flowering plants are now being sold 
by many outlets-variety stores, department 
stores, supermarkets, mail-order houses, sales 
yards and others. The retail sale of flowers is 
still one which is characterized by the perform
ance of many services and the presence of 
high markups. Most flowers are sold for 
weddings, funerals and hospital sick rooms. It 
has been estimated that some 80 to 90 percent 
of all flowers are bought for these purposes. 
The sale of flowers for home use offers a great 
potential-yet to be realized-for increased con-_ 
sumption of flowers. An increasing number of 
florists' shops are offering cash-and-carry flow
ers at reduced prices in order to encourage in- -
creased sales of flowers. In addition, super
markets, variety stores and other outlets have 
entered the flower merchandising picture. 

The flower and nursery industry caters to 
a demand which tends to be classified as a 
luxury. Although custom dictates the purchase 
of flowers for · such events as weddings, funer
als and for the ill in hospitals, the growth and 
prosperity of the industry is, to a large degree, 
tied to the well-being of our national econo
my. So it is with nursery products; the demand 
for them is closely associated with the rate of 
new home and business construction and with 
the beat of the economic pulse. 

Research at Michigan State and Cornell 
Universities has shown that low-priced, cash
and-carry merchandising of flowers has re
sulted in expanded florists' ·shop sales ( 7). 
Those shops located in areas of high pedestrian 
traffic have been able to attract more custom
ers than those located in areas where fewer 
people pass by. Further research concerned 
with the possibility of expanding market out
lets for flower and nursery products is now 
being conducted at the Florida, Ohio, Penn
sylvania, Puerto Rico, Texas and other agri
cultural experiment stations. 

Other research is concerned with industry 
marketing practices at the producing and 
wholesaling levels. A project now underway 
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at the Florida Station deals with the market 
organization and selling practices of various 
flower and nursery groups in Florida. One 
phase of the Florida study has been con
cerned with marketing practices, prices and 
distribution of Florida gladiolus. The data at 
hand have only been partially analyzed but a 
preliminary analysis indicates considerable dif
ferences in prices between shipping firms, 
buying firms and markets ( 6). Relatively 
more flowers of the lower grades were shipped 
to New York than to many other markets. 

Another study dealt with the growth and 
marketing practices of the Florida chrysanthe
mum industry ( 5) . Seven years ago less than 
five acres of these flowers were grown in the 
Sunshine State, but the land area devoted to 
the culture of these popular flowers had in
creased to more than 230 acres by the 1955- . 
56 season. The value of sales in that season 
was almost $4,000,000; if the same level of 
prices is maintained, the value during the cur
rent year should be considerably higher as it 
is reported that many growers have enlarged 
their operations. In the 1954-55 season, three
fourths of all pompon chrysanthemums were 
sold through wholesale commission florists, 
seven percent were marketed directly to retail 
florists and the remaining four percent were 
sold to local buyers and to grocery stores. 

A research assistant is now doing a thesis 
problem of the marketing practices of the 
Florida fern industry. Preliminary results of 
his survey indicate that annual receipts from 
the sale of asparagus plumosus ferns amount 
to almost $3,000,000. Small and medium-sized 
growers practice consignment selling to a 
much greater extent than do large growers. 
Nevertheless, all three groups reported that 
the major portion of their sales were made on 
an f.o.b. basis. 

Another research assistant plans to do a 
research problem dealing with the marketing 
and distribution practices of the state's foliage 
plant industry. 

It is evident that adequate data on the 
composition and marketing practices of the 
flower and nursery industry are not available. 
Many industry leaders have stated their belief 
that the current census figures and other es
timates of flower and nursery production in 

Florida are too low.1 Census reports, except 
such periodic studies as the Special Census, 
provide no data on individual products. Esti
mates of cash receipts by the U.fD.A. are 
based on census estimates and are not now 
built up from component parts. A project now 
being initiated by the Agricultural Estimates 
Division of the Agricultural Marketing Service 
to develop estimates on a small number of 
major flower and nursery products should pro
vide much needed information. The provision 
of better statistical services-and the full co
operation by growers in providi_ng the data 
required-will be of benefit to growers and 
industry organizations in developing produc
tion and marketing programs and to govern
ment agencies in budgeting and planning 
their work. Growers have much to gain in 
supplying accurate data to the Bureau of the 
Census and the Department of Agriculture; 
it is from such data that government statistics 
are developed. 

The flower and ~ursery industry in Florida 
has sustained an expansion in the last 20 years 
which has exceeded that in nearly every other 
state in the nation. The current level of busi
ness activity, improvements in technology and 
other factors may well work together to bring 
about before 1970 the advent of the $72,000,-
000 value of these products forecast by the 
Brumbaugh report for that year ( 4). But, be
fore that or any larger goal is reached, solu
tions must be developed for numerous pro
duction and marketing problems. 
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THE DOWNWARD MOVEMENT OF PHOS
PHORUS IN POTTING SOILS AS 

MEASURED BY P32 

DANIEL 0. SPINKS 

AND WILLIAM L. PRITCHETT' 

University of Florida 

Gainesville 

It is the general opinion of soil scientists 
that there is little downward movement of 
phosphorus when phosphate fertilizers are ap
plied to the surface of most soils. A review of 
the literature (1, 3, 7) supports this opinion. 
Heslip ,and Black ( 4) found that the distance 
of diffusion of phosphorus from various water
soluble phosphate fertilizers varied with time, 
rate of phosphorus application, and moisture 
content of the soil; however, in no instance 
did the movement exceed 3 ems from the 
point of placement. The accumulation of 
phosphorus in the top 6 inches of soil in Flori
da's citrus groves ( 6) also indicates a lack of 
mobility of this element. These latter soils are 
comparatively coarse textured and yet little 
movement has occurred after as much as 20 
years of heavy phosphate fertilization. 

On the other hand, Neller, et al ( 5) have 
reported that there may be considerable move
ment of phosphorus in the acid flatwood soils 
and possibly some of the acid peats. On low 
pH soils, "fixation," or immobility, is usually 
attributed to the formation of insoluble com-

'/Associate Professor of Soils and Soil Technolo
gists, respectively, University of Florida, Soils De
partment. 

pounds of iron and aluminum, while at high 
pH values, relatively insoluble compounds of 
calcium are formed. Acid flatwood soils have 
little of these, consequently phosphorus 
leaches; however, when these soils are suffi
ciently limed, phosphorus ceases to leach. 

It is the practice of many nurserymen to 
apply water-soluble phosphate, as well as 
other fertilizers, to the surface of potting soils. 
Based on the results obtained in agricultural 
soils, manv workers have doubted that ade
quate pho'sphorus moves ·into the root zone 
to supply the needs of the plant. This study 
was undertaken to determine the · downward 
distribution of soluble phosphorus applied to 
the surface. 

METHODS 

The potting soils used for this study were 
as follows: 

( 1) Top soil alone ( Arredondo fine sand) 
(2) One-half top soil and lf peat (acid) 
( 3) Peat alone 
( 4) One-fourth peat, ¼ shavings, and lf top 

soil 

These soils were thought to be representa
tive of potting soils currently in use by nur
serymen in the state. The soil and the peat 
were screened through l/4 in. hardware cloth. 
All materials were mixed thoroughly, and a 
special effort was made to obtain a hemogene
ous mixture of 2 and 4 above. 
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The soils were then placed in plastic cylin
ders 20" high and approximately 4" in diame
ter. The cylinders were closed at the bottom 
by paper towels, held in place by rubber 
bands. The soils were packed firmly in the 
tubes by tamping the cylinder on the palm of 
the hand several times during filling. 

To one series of the mixture lime was added 
prior to mixing, as calcium hydroxide, in 
amounts equivalent to the following rates of 
calcium carbonate: 

(I) Top soil-1000 #/Acre 
(2) Peat-topsoil mixture-3000 #/ Acre 
(3) Peat-4000 #/Acre 
( 4) Peat-shavings-topsoil mixture - 2000 

#/Acre · 

Another series of the soil mixtures received 
no lime. 

Superphosphate containing the radioactive 
isotope, P'°, was spread uniformly on the sur
face of all pots at the rate of one ton per acre. 

, Superphosphate generally is not a constituent 
of soluble fertilizers; however, approximately 
85% of the total phosphorus is soluble in water. 
The cylinders were set upright and leached 
for a period of three days. Leaching was ac
complished by adding approximately two 
inches of water in excess of saturation each 
day and allowing the pots to drain freely after 
each application. · 

At the end of three days the plastic cylin
ders were opened along the sides and care
fully unrolled without disturbing the soil core 
inside. The core was then sliced at the depths 
shown in Figs. I to 4. Thin metal rings ap
proximately I" in diameter were filled with 
soil from the center. of the core at each depth 
and the P'" radiations counted using a Geiger
Muller counting tube. Corrections for decay 
were made for 24 hours intervals. 

Soil reactions (pH) were determined on the 
soil mixtures with a glass electrode potentio
meter at the end of the study. 

RESULTS AND DISCUSSION 

The pH values for all soils, taken at the 
end of the experiment, are shown in Table I. 
Calcium sulfate, a constituent of superphos
phate, may have been instrumental in a 

slight depression of the pH values, especially 
below pH 6.0. This, of course, is the usual ef
fect of neutral salts. 

Table 1, REACTION OF POTTI!l:l SOILS BEFORE AND AFTER 
J.PPLTING UME. 

Soil 
Unlimed Limed 

1. Topsoil 6.05 7 .02 

2. 1/2 Topsoil • 1/2 Peat 5.05 6. 79 

3, Peat 3.85 6,22 

4. i~ilPeat • 1/4 Shaving• 1/2 Top- 5,32 7,54 

The vertical distribution of phosphorus in 
the cylinders, as shown by counts per minute, 
are presented in Figs. 1, 2, 3, and 4. The dis
tribution of phosphorus in the topsoil ( Fig. I) 
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showed little effect due to lime. Both the 
limed and unlimed soils had relatively high 
pH values and in this range a difference of 
one pH unit was probably insufficient to ef
fect an appreciable difference in movement of 
phosphorus. There was a sharp decrease in 
phosphorus content with depth and movement 
below the four-inch depth was practically nil 
at the end of the 3-day period. 

Lime had a marked effect on phosphorus 
movement in both mixtures (Figs. 2 and 4). 
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In the unlimed soil, phosphorus moved to a 
depth of seven inches, while in the limed soil 
there was no movement below three inches. 

The phosphorus distribution patterns in the 
peat were somewhat irregular ( Fig. S). There 
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was an _accumulation of phosphorus in the sur
face when lime was applied, although more 
phosphorus moved to lower depth than in 
any other soil. In the unlimed peat, phos
phorus appeared to leach from the one to two
inch depth to the three to six-inch depth. 
More phosphorus moved to the bottom of the 
cylinder than in any other treatment. The 
phosphorus found in the W' to l" depth may 
have resulted from the presence of solid super
phosphate that filtered into this region from 
the surface. 

There was less movement at lower depths 
in the limed than the unlimed soils except in 
the Arredondo topsoil. It should be noted, 
however, that the pH of the unlimed soil was 
relatively high and the difference between the 
limed and unlimed soil was small. The pH of 
the other unlimed soils was much lower and 
the differences between the limed and un
limed pots were ·much greater. 
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The observations of this study are similar 
to the findings of Neller, et al ( 5). On soils 
with a small amount of iron and aluminum, 
phosphorus is more mobile at lower pH values. 
When calcium is applied in sufficient quan
tities to raise the pH to 6.0 or above, phos
phorus mobility is decreased. Others have 
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shown that the reverse is the tendency where 
soils contain iron and aluminum. A1:redondo 
fine sand may contain a sufficient quantity of 
these "fixing agents" when used alone to re
duce movement of. phosphorus at low pH 
values. However, when mixed with peat and 
shavings, the "fixing agents" were diluted suf~ 
ficiently to allow movement to lower depths. 

It has been recognized in previous studies 
that soil organic matter facilitates solubility 
and mobility of phosphorus, especially under 
acid conditions. Dalton, et al ( 2) have postu
lated that certain organic substances have the 
ability to form complex compounds with iron 
and aluminum, rendering them unavailable to 
fix soluble phosphorus. The presence of peat 
in the, mixtures used in this study may func
tion in this manner to increase phosphate 
movement. 

It was suspected by the authors that a mix
ture containing wood shaving might be suf
ficiently porous to allow the downward move
ment of solid fertilizer. This apparently was 
not the case. The core of soil, when unrolled, 
was quite firm and compact and the activity 
of the P" gave no indication of accumulated 
layers. 

CONCLUSIONS 

Since frequent applications of large amounts 
of water are the common practice in nursery 
management, it is believed by the authors 

that the commercially prepared water-soluble 
fertilizers may be used satisfactorily in nursery 
pots as a source of phosphorus. This belief, 
however, is based on the assumption that the 
surface of the soil is kept sufficiently moist to 
maintain actively growing plant roots near 
the surface. If the reaction of the soils is main
tained at or above pH 6.0, it is recommended 
that superphosphate, or a fertilizer containing 
superphosphate, be mixed with the potting 
soils prior to filling the pots. This method 
would assure adequate phosphorus in all parts 
of the root zone to meet plant needs. These 
observations, in connection with the high costs 
of the completely soluble phosphate as com
pared to superphosphate, tend to preclude the 
use of the more expensive material as a gen
eral practice. 
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TWELVE BAUHINIAS FOR FLORIDA 

R. BRUCE LEDIN 

Sub-Tropical Experiment Station 

Homestead 

The showy species of Bauhinia are often 
considered the most beautiful of all the orna
mental flowering plants in Florida. While they 
attract considerable attention, only a few 
species are c_ommon and well known; several 
others are relatively new and deserve wider 
planting. 

The genus Bauhinia (pronounced Bau
hin'-i-a) belongs to the plant family Legum
inosae, or pea family. Some authorities place 

Florida Agricultural Experiment Station Journal 
Series, No. 655. 

the genus in a separate or sub-family, Cas
siaceae, the members of which have the typi
cal pod or legume type of fruit but the flowers 
are not pea-like. Rather, the five petals are 
nearly alike in size and shape with one petal 
usually a little different-larger, smaller, of 
different shape or color, or borne at a differ
ent angle-and forming the lip or standard. 

The genus Bauhinia was originally named 
by Charles Plumier in 1703. The name hon
ored two brothers ( not twins as so often 
stated); both outstanding botanists of their 
time: John and Casper Bauhin, born in }"'ranee 
but who lived and worked in Switzerland dur
ing the latter half of the 16th and the first 
part of the 17th Century. The name was ac
cepted by Linnaeus in 1753. 
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The common names applied to many species 
of Bauhinia are descriptive of either the flow
er or the leaf. The name commonly used in 
the United States, Hawaii, and m~ny other 
English speaking countries, is "orchid tree" or 
"orchid flower," because of superficial re
semblance of the flower to a true orchid. In 
many other countries common names are 
more descriptive of the bi-lobed leaf. This 
structure suggests a cloven hoof or foot of 
certain animals. Thus such names as cow
hoof, bull-hoof, camel-foot, deer-foot, mule
hoof, and goat-foot, are frequently used. The 
partly folded leaf also suggests a butterfly; 
hence, certain species are called "butterfly
leaf" and 'h1tterfly-tree." 

The leaf of Bauhinia is quite unique. In 
most species the leaf is simple but it is notched, 
incised, cleft, or divided to some degree, thus 
producing a bi-lobed leaf. This division is only 
a slight indentation at the apex ( as in B. re
tusa), cut one third (as in B. ac11111inata), 
cleft to the middle ( as in B. p11rpurea), or di
vided nearly to the base of the blade ( as in 
B. rufescens) . In a few species ( none appar
ently in cultivation) the leaves are entire with 
an obtuse or pointed apex, thus resembling 
the common red bud ( Cercis canadensis). A 
third type of leaf is a compound or bifoliate 
leaf in which the blade is split clear to the 
base, thus producing two separate leaflets. 
This is typical of certain Australian species, 
such as B.,Hookeri and also· of B. saigonensis. 

An interesting feature of the Bauhinia leaf 
is the tendency to fold up along the midrib 
producing "sleep movements" at night or in 
strong sunlight. This is most noticeable on 
young plants. The entire leaf will also fold 
downward under the same conditions. 

Bauhinia species are grown successfully in 
South and Central Florida from the Orlando 
area southward. A few species have been 
grown north of this area but they may be 
killed to the ground during a cold winter. 
Certain species have been grown in Louisiana 
and other areas of the Gulf States, as well as 
in southern Texas and southern California, but 
only in protected places. 

CULTURE 

All Bauhinias are grown readily from seed. 
It is not necessary to treat the seeds in any 
manner, such as soaking in water or nicking 

with a knife. However, the seeds should be as 
fresh as possible for good germination since 
they lose their viability rather quickly. Germi
nation will take place within a few days to 
a week. Damping-off of the seedlings may 
occur. To prevent this the seeds can be dusted 
with a seed protectant · and planted in peat 
moss vermiculite or sand or a combination of 
thes~ materials. ' 

Propagation by cuttings of certain Bauhinia 
species has been accomplished but it is a 
slow and difficult process. Usually the root 
system formed is weak and it is difficult to 
get a good plant by this method. Similar re
sults have been obtained with air layering. 
Bauhinia Blakeana is an exception; as this 
species does not produce seed, it is necessary 
to propagate it vegetatively and air layering 
has been quite successful. · 

Since most Bauhinias grow readily and 
"come true" when · grown from seed, there is 
little need for propagation by grafting. How
ever, a few species show a great deal of varia
tion in types and color of the flower. and it 
may be desired to propagate these superior 
types by grafting. B. purpurea and B. tomen
tosa are species that exist in several forms 
and the better types can be grafted on their 
own seedlings. B. Blakeana can be grafted on 
B. purpurea or B. variegata rootstock. A side 
veneer graft is the best method to use and it 
is best done in early spring while the trees are 
still dormant and using one year old seedlings. 

It is often stated that Bauhinias are diffi
cult to transplant and for this reason extreme 
care should be used in planting them out; it 
is even recommended that the seed be planted 
in the ground where the trees are to be 
grown. In actual practice, however, it has 
been found that with ordinary care, such as 
given other garden plants, Bauhinias transplant 
easily from the container to the ground, pro
vided the root system is not unduly disturbed. 
Plants may be set out at any time of the year, 
but the late spring and early summer months 
are best. Bauhinias are not particular as to 
type of soil-they grow well in both alkaline 
rocky soil and acid sand but it is important 
that the soil be well drained. Once established, 
most species require little care and will often 
arow quite well in spite of considerable ne
glect. However, ordinary garden care will suf
fice to produce healthy and attractive plants. 
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Fertilizing should be confined to the spring 
and summer months as most specie go dor
mant in tl1e late fall and winter at which time 
they need no fertiHzer. 

Bauhinia is relatively free of fungu di eas s 
but certain ins ct may prove to be a problem 
with some species. Leaf cu tting wasps cut 
half-moon circles in the leaves of B. Galpinii 
and katydids and young green grasshoppers 
have been observed to chew irregular patche 
and holes in the leaves. Red banded thrips 
have been observed on leaves of B. Galpinii. 
Lesser snow scale may do considerable damage 
to certain specie . Bean leaf roller ha been 
observed on leave of B. purpurea. In recent 
years a stem borer has been found invacling 
young stems of B. purpurea. The appropriate 
ins cticides should be used to control these 
insects if they become a problem. · 

SPECIES 

There are probably close to 500 sp cie of 
Baul1inia native to tropical and subtropical 
countries tliroughout the world, with one na
tive to southern Texas. About 50 species have 
been cultivated but only 35 or o have made 
their appearanc in Florida, with only four 
sp cies being seen with any frequency in Flori
da gardens. These are B. purpurea, B. varie
ga.ta and its variety canclida, B. monanclra, and 
B. Galpinii. Many of the lesser known sp cies 
are quite attractive and merit wider planting 
in private gardens as well as in public parks. 

Described below are twelve of the species 
of Bauhinia that are the most desirable be
cause of their showy flowers. They include 
vines, shrubs, and trees. Som are common 
and well ]mown, some are new inh·oductions, 
others have been in Florida for many years. 

l . B . acumi11ata L. (not B. petiolata ). 
DWARF WHITE BAUHINIA. Shrnb 6 to 8 
feet; leaves to 2¾ inche broad and 3)~ inches 
long (larger on young shoots), cleft J~, the 
lobes relatively narrow, the apices acute or 
sometimes slightly rounded. F lowers pure 
white, 2'2 to 4 inches across, borne in elongat
ing racemes to 6 inches long, of 4 to 15 flow
ers. Petals clawless, all alike in size and shape, 
spreading out nearly flat. Stamens 10, in 2 
sets of 5 each. Pod 4 to 5 inches long and ¾ 
inch wide, flat, thick, with a long pointed 
apex, 2-12 se ded. 

An attractiv border or foundation shrub 
produciJ1g beautiful wh ite fl ow rs from May 

to October. It is deciduous from December to 
April tl,e new leaves and flowers appearing 
at the same time. Plan ts will flower when 
less than one ear old. It is native to south
eastern Asia and has b en in cultivation in 
F lorida since the 1880's. ( Fig. l and 2) 

Fig . 1 . Bauhinia Acuminata 

Fig. 2 . Bauhinia Acuminata 

2. B. Blakeana Dunn. HONG KONG or 
BLAKE' BAUHINIA. Tree eventually 30 to 
40 feet high, but more often shrubby with 
long branches. Leaves large, to 8 inches long 
and wide, cleft J~, the lobes rounded. Flowers 
deep crimson-red, fragrant, to 6 inches across, 
borne in elongating racemes to 10 or more 
inches long and with as many as 40 flowers 
on each branch . Petals l to l ¼ inch wide, 
short clawed, edges wavy, the standard shorter 
and with cl eper colored veins, the petals nol 
overlapping. Stamens 5, 3 long and 2 short. 
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This is one of the most attractive of the 
Bauhinias. The flowers are large, brillian tly 
colored, each lasting 3 to 4 days, and pro
duced from October to March. The leaves re
main on the tree during the flowering period 
and are shed just before new vegetative growth 
appears in the spring. Its native country and 
origin are unknown, but it is said that one 
b·ee was cHscovered many years ago along the 
seashore in Canton, China. It has been propa
gated by cuttings and air layers and today it 
is a popular h·ee in Hong Kong, China . It was 
introduced into Florida by the Sub-Tropical 
Experiment Station in 1953 as an air layer 
from the Hong Kong Botanical Gard n. Fair
child Tropical Garden also introduc d plants 
the same year. Since t11en this species has b en 
propagated by grafting on B. purpurea root
stock and has become a popular tree in South 
Florida. B. Blakeana might represent a sterile 
hybrid of B. pmpurea and B. variegata as it 
has characters of both species. It wa named 
for Sil' R emy Blake. one time governor of 
Hong Kong. (Fig. 3) 

Fig. 3 . Bauhinia Blakeana 

3. B . clivaricala L. (73. aurita Griseb., B. 
me.d cana Vogel. , B. porrcc/a SW., B. ungu la
ta L. ) PATA DE VACA. Shrub or small tree 

to 16 feet. Leave variable in ize and shape, 
often to 3 inches wide and long, but usually 
longer than broad, cleft J~ to J~, the lobes 
spreading and divaricate and acute. Flowers 
white, usually turning pink with age, to rn 
inches across, long r than wide. Petals slen
der, long clawed, the 2 upper ones erect and 
larger, the other 3 shorter and spreading, pro
duced in short racemes to 3 or 4 inches long. 
Stamen only on , long r than the petals. Pod 
to 4 inches long and J~ inch wide, few seeded. 

An interesting species but variable in leaf 
shape and size, pubescence, lobes, apices, and 
size of flowers. It will flower when only 1-2 
feet tall. Flowers appear off and on through
out the year, but mostly from April to o
vember. It is native to the Greater Antilles 
and Central America from Mexico to Guate
mala. It has been grown in Texas as far north 
as Austin (as B. mexicana ) where it has sur
vived temperatures as low as 10 ° F. It was 
tirst introduced into Florida in 1951 as seed 
from Texas, Cuba. and Jamaica. (Fig. 4 ) 

Fig. 4. Bauhinia Divaricata 

4. B. Galpinii N. E. Brown (B. punctata 
Bolle) RED OR IASTURTIUl\11 BAUHINIA. 
Low spreading or semi-climbing shrub, the 
branches if given support climbing without the 
aid of tendrils. Leaves nearly round, to 3 
inches long and wide, cleft }t Flo,,vers showy, 
brick-red in color, 2 to 2J~ inches across, pro
d uced at every 3rd node on new growth, each 
inflorescence of 2 to 10 flowers. Petals more 
or less erect, little spreading, slightly unequal, 
long clawed, Stamens 3. Pod larg , woody, 
6- inches long, few seeded. 
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One of Florida's most ornamental shrubs, 
the brick reel, nasturtium-like flowers produced 
from May to October. During the winter the 
plants are deciduous. It is a native to South 
Africa and was named for Dr. E. E. Galpin , 
an African plant explorer. It was discovered 
in 1891 and introduced into cultivation in 

Fig. 5 . Bauhinia Galpinii 

5. B. mollicella Blake. Small tree to 20 
feet, but often spreading and shrub-like. 
Leaves to 2J~ inches long and slightly less in 
diameter, soft velvety pubescent, cleft ¾, Jobes 
acute. Thorns one or two at each node, borne 
below tl1e stipules, thick and sharp. Flowers 
snowy white, fading to a brownish-cream, 3 
to 4 inches across, borne on short axillary 
clusters of l to 5 flowers. Petals all nearly alike, 
long clawed. Stamens 10, of different length, 
filaments 'adhering at the base. Pod to 3Jf 
inches long, brown, pubescent, 4-6 seeded. 

A very attractive plant with thick dense, 
evergreen growth and large spidery-like flow
ers produced in profusion from April to Octo
ber. It is native to Venezuela and Colombia 
and was introduced by the USDA in 1935 

England in 1895, and within a few years it 
had appeared in many countries. It was first 
reported for Florida in 1903 near Jacksonville. 
It is well adapted to South and Central Flori
da but it seems to fruit only in the southern 
area on flowers produced late in the season. 
(Fig. 5) 

(P. I. 110895 ) and distributed for h·ial in 
Florida in 1941. This is the best of the spiny 
Bauhinia species and far superior to B. forfi 
cata Link (also called B. aculeata Vell., B. 
canclicans Hort. , B. corn-iculata Hort., B. fur
f uraceae Hort. ) which has been grown iJ1 
Florida and California for many years. (Fig. 
6) 

6. B. monanclra Kurz. (B. Kappleri Sagot, 
B. Krugii Urban). SUMMER FLOWERING 
BAUHINIA, Pl K BAUHI IA, BUTTER
FLY BAUHI IA. Small h·ee to 20 feet. Leaves 
to 4 inches long and wide but larger on young 
shoots, cleft )~ to )f. Flowers to 4 inches across, 
produced in short axillary clusters of 5 to 9 
flowers each. Four petals alike and spreading, 
long clawed, pale yellow on opening but soon 
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Fig. 6. Bauhinia Mollicella 

becoming pale pink or rose color and spotted 
with dark reel or carmine, the 5th petal or 
standard cmved backward and to one side, 
short clawed, bright yellow at · first but be
coming deep pink. Stamen oniy 1. Pod to 10 
inches long and 1 inch wide, plump, mealy 
inside, many seeded. . 

Very attractive species with flowers pro
duced in short clusters on the upper side of 
the long flat branches, flowering in April and 
continuing until October and sometimes as 
late as December. The tree drops its leaves 
during the d1y months. It is very sensitiYe to 
cold and large trees 3 lo 4 years old have been 
killed by freezing temperatures. It is probably 
native to Burma and is cultivated in many 
tropical countries where it often escapes and 
grows wild. It appears to have been in Florida 
only for the past 30 years. (Fig. 7) 

7. B. purpurea L . (B. triandra Roxb. , B. 
grandiflora Hort., B. grancliceps Hort. , B. rosea 
Hort., B. violacea Hort.) FALL BLOOMING 
BAUHINIA OR ORCHID TREE. Tree to 30 
feet or more, but more often seen as a shrubby 
plant to 15 feet high. Leaves to 6 or 8 inches 
long and wide but more often longer than 
wide, cleft )~ to J~, the lobes rounded or short 
pointed. Flowers large and showy, fragrant, 3 
to 5 inches across, produced 20 to 25 or more 
in elongating terminal or axillary racemes near 
the ends of long, whip-like branches. Petals 
spreading, not overlapping, clawed, varying 
in color, the standard darker especially on the 
veins. Stamens 3. Pod to one foot long and 

rn inches ,vide, woody, mealy inside, splitting 
open when mature, up to 16 seeded. 

One of Florida's most showy ornamental 
h·ees. It flowers in the fa]] months from 
late September to November while the leaves 
are still on the tree. The color of the Hower is 
q uite variable, ranging from almost white with 
a pink tinge through shades of pink, rose-red, 
old rose, carmine, deep purple, lavender, violet, 
fuschia , with the veins generally lighter in 
color. One form , Simpson's pink, has large pink 
flowers and represents one of the better types. 
B. purpurca is only partially deciduous from 
February to April. It is native to sou theastern 
Asia and was in cultivation in Florida before 
1900. (Fig. 8 and 9) 

8. B. saigonensis Pierre. SAIGON BAU
HI IA. Vine climbing by flattened, coiled ten
clrils. Leaves to 2 inches long and wide, cleft 
to the base to form two separate leaflets, the 
lobes rounded Flowers pinkish lavender with 
reel veins, to l)~ inches across, produced in 
elongating racemes to 8 inches long and with 
up to 20 flowers . Three petals alike and two 
smaller, all clawed. Stamens 3. Pod to 4)~ 
inches long, about 6 seeded. 

A very attractive delicate but hardy ever
green vine, the pink flowers produced in pro
fusion from April to November. It was dis
covered in 1912 in the state of Cochin Chine 
in French Indochina and inh·oclucecl in 1932 
by the USDA (P. I. 129188) and clisti-ibutecl 

Fig. 7. Bauhinia Monandra 
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Fig. 8. Bauh inia Purpurea 

for trial in F lorida in 1939 and 1940. ( Fig. 
10) 

9. B. tomentosa L. ( not B. natalensis 
Oliver, not B. picta DC., B. taitnesis Hort.) 
YELLOW OR BELL BAUHINIA. Shrub or 
small tree to 15 feet. Leaves to 3)f inches long 
and wide but in some forms only 1 inch or 
less across, cleft )4 to )f, the lobes obtuse. 
Flowers yellow or cream, 2 to 4 inches long, 
drooping, bell-shaped, produced singly or up 
to 4 in a cluster but usually in pairs, in leaf 
axils or oppos ite a leaf. Petals over-lapping, 
not spreading, nearly clawless, one petal usual-

ly possessing a dark reel spot at base inside; 
in some forms the petals fade the second day 
to a brownish-red color. Stamens 10 in 2 sets. 
Pod to 4 inches long and I, inch wide, flat , 
pubescent, 6-10 seeded. 

An attractive but variable species with 
pendant, bell-shaped flowers of bright or pale 
yellow produced from April to October but 
in some forms produced only in the fall 
months, in others only in spring. It is a native 
to India, South China, Ceylon and tropical 
South Africa and is cultivated in many tropi
cal cow1tries; in Jamaica and Puerto Rico it 
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Fig . 9 . BAUHINIA PURPUREA : showing differe nt colored rlowe rs. Clockwise from base: pale pink al
mos t white , dark carmine, rose, pink, Simps on 's pink. 

has escaped from cultivation. It has been in 
Florida before 1900. In California a small 
leaved form with pointed petals is erron ously 
called B. -natalensis which is an entir ly dif
ferent species and not in cultivation . In Kenya 
and other parts of Africa the name B. tait
nesis has been used for still a third type; the 
origin of this name seems to be a result of 
misspelling -natalensis. The cream-colored type 
unfortunately has been called B. picta but 
this Colombia species is quite different and 
does not seem to be in cultivation . (Fig. 11, 
12, and 13) 

10. B. Vahlii Wight & Amott. (not B. race
mosa Vahl. ) MALU OR MALOO CREEPER 
High climbing vii1e with flattened, coiled 
tendrils. Leaves very lm·ge, to 12 or more 
inches long and wide, silky or rusty pubescent, 
cleft ¾, the apices ro unded. Flowers white, 
fading to cream or dull yellow, to 2lf inches 
across, produced in terminal corymbs. Petal 

unequal, short-clawed. Stamens 3. Pod to one 
foot long and 2Jf inches wide, woody, velvety 
pubescent, 8 to 12 seeded. 

One of the mo t spectacular of the Bau
hinfas-a gigantic clin1ber with trunks to 4 
inches m diameter and enormous leaves, the 
flower produced abundantly from April to 
October. It fruits sparmgly m south F lorida. 
It is native to the mountains of northern and 
central India where it cliinbs to 100 feet or 
more m the forests. It was named for the 
Danish botanist, Martin Vahl ( I 749-1804 ) . 
It was offered by the Royal Palm 1 ursery i:n 
Oneco, Florida, before 1900, but plants now 
grown in Florida result from the USDA intro
duction in 1932 (P. I. 98803). The leaves, 
bark, gum, pods and seeds are much used by 
the natives of India for food and medicine. 
(Fig. 14) 

11. B. variegata L. v\/11 TER-SPRINC 
FLOWERING BAUHI TIA OR ORCHID 
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TREE. Tree to 20 or 40 teet but more otten 
seen in Florida as a small tree. Leaves to 5 

Fig. I 0. Bauhinia Saigonensis 

or 6 inches long and wide, cleft ~.I. to )~, the 
lobes rounded. Flowers large and showy, to 4 
or 5 inches across, fragrant, generally reddish
purple and fading to a bluish-purple, produced 
in short axillary clusters of 1 to 8 flowers. 

Fig. 11. Bauhinia Tomentosa 

Fig. 12. BAUHINIA TOMENTOSA: Left, pale yellow type. Right, bright yellow type, also one flower 
cut open to s how red s pot at bas e of one pe tal. 
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Petals clawed, spreading, over-lapping, the 
standard smaller. Stamens 5. Pod to one foot 
long and 1 inch wide, dehiscent, 10-15 seeded. 

It is as attractive as B. purpurea and is per
haps the most widely planted of the Bauhinia 
species. It flowers from January to March or 
sometimes later. The leaves usually begin to 
fall in December and the tree is at its showiest 
when in full flower and completely leafless. It 
is native to southeastern Asia and cultivated in 
many tropical countries. It was in Florida be
fore 1900. (Fig. 15) 

12. B. variegata var. candida Roxb. (B. 
alba Buch-Ham.) WHITE BAUHINIA OR 
ORCHID TREE. The variety is similar to the 
species in all respects except that the flowers 
lack all red, purple, and blue pigments and are 
pure white with green veins in the standard 
and sometimes some of the other petals. Hy
brids of the species and variety are sometimes 
seen. 

It is very difficult to distinguish between 
B. purpurea and B. variegata on the vegeta
tive characters unless one is familiar with the 
plants and has them growing side by side. 
\Vhen in flower, however, it is very easy to 
identify the species. The following characters 
can be used for this purpose: 

B. purpurea 
Flowers in fall (Oct.-Dec.) 
Flowers while leaves are on tree. 
Inflorescences many flowered, produced near 

ends of the long, whip-like branches. 
Petals narrow, ¾ inch wide, not over-lapping 
Stamens 3 (rarely 4) 

B. variegata 
Flowers in winter-spring (Jan.-April) 
Flowers while leaves are falling. 
Inflorescences few flowered, produced on 

short lateral branches. 
Petals to rn: inches wide, over-lapping 
Stamens 5 ( rarely 6) 

PESTICIDES AND PLANT INJURY 

s. H. KERR 

Florida Agricultural Experiment Station 

Gainesville 

INTRODUCTION 

In the production of ornamental plants, an 
industry-wide problem recognized by the Ex
periment Station is that of phytotoxicity, or in
jury to plants by pesticides. Satisfactory chemi
cal controls are known for most pests of 
ornamental plants, but there has not been time 
to test all of the chemicals for phytotoxicity 
on the hundreds of species and varieties of 
ornamentals grown in Florida. 

Nevertheless, since 1953 staff members and 
students at the University of Florida have 
conducted tests and made phytotoxicity ob
servations on more than 50 plant species and 
varieties. Many treatments have been ob
served, although not all formulations have 
been tried on all plants. However, many chemi
cals were applied ( 1) at several concentra
tions, ( 2) in various formulations, ( 3) with 
different methods of applications, and ( 4) on 

Florida Agricultural Experiment Station Journal 
Series. No. 650. 

plants under varying conditions of tempera~ 
ture and dryness. 

TESTS CONDUCTED AND RESULTS 

Mr. J. R. Coarsey, a former student at the 
University of Florida, treated a group of 
ornamentals with some low concentration 
sprays of malathion, parathion, demeton, and 
TEPP. Another group of the same kinds of 
plants was treated with sprays three times as 
strong. Treatments were repeated four times 
-in winter, spring, summer, and fall. The re
sults of this work are shown in Table I. While 
the high concentrations injured many plarits, 
at the lower concentrations only a fig ( Ficus 
carica) and Boston and maidenhair ferns were 
injured. The fig was injured less when sprayed 
during cool weather than in the summer. 

\Vorkers in the Entomology Department 
have tested a large number of other plants in 
the past two years. The work began by testing 
nematicides for phytotoxicity; other pesticides 
were also included later. Tables 2 and 3 show 
the materials used and tables 4 and 5 show 
the cases of injury that occurred. The nemati
cide, "Nemakril," was found to be phytotoxic 
to a number of foliage plants, but this ma-



KERR: PESTICIDES 

Table 1.--Results of Phytotoxicity Test by J. R. Coarsey, 1953-54. IDw 
concentration treatments were erm1lsion concentrate sprays of 
malathion 1.5 pounds technical, parathion 0.3 pounds technical, 
demeton 2 pounds technical and TEPP 0.22 pounds technical per 
100 gallons of water. High concentration sprays were three times 
as· strong. XXX. severe damage; XX: moderate; X: slight 

Plant 

Camellia japonica var. Charles Cobb 
var. Daikagura 

C. sasanqua 
Coleus blumei 
Gardenia jasminoides 
Hibiscus rosa-sinensis 
Ilex rotunda 
r; crenata, Japanese holly 
I. vomi toria, yaupon 
Lagerstroemia indica, crape-myrtle 
Ligustrum japonicum, wax privet 
Rhododendron indicum, Indian azalea 

var. Charleston 'White 
R. indicum, var. Coral Bell 
Citrus sinensis, orange 
Ficus carica, fig 

Damaged by 

High Cone. I.ow Cone. 

demeton XXX (in winter) 
demeton XXX 
demeton XXX 

dem., TEPP, Par., Mal. X-XX 
dem., TEPP, Par., Mal. X-XX 
dem., TEPP, Par., Mal. XXX 

Par., dem., TEPP X (flowers) 

dem., TEPP, Par., Mal. XXX · All X-XX 

399 

(less in cool 
weather) 

Litchi chinensis, lychee TEPP XX 

Malathion only 

Kalanchoe daigremontiana 
Nephrolepis exaltata, Boston fern 
Adiantum cuneatum, maidenhair fern 
Platycerium bifurcatum, staghorn fern 
Saintpaulia ionantha 

Malathion XX 
Malathion XXX 
Malathion XXX. 

not used 
Malathion X 
Malathion X 

Cassia bicapsularis 
Malathion XXX (on flowers) 
Malathion XX 

EUphorbia pulcherrina, poinsettia Malathion X 

terial apparently will not be put on the market. 
Therefore the data in relation to it will not 
be considered. 

The data show that the fig Ficus carica is 
very sensitive to all of the insecticides tested 
on it ( table I). Pilea cadierei was damaged 
by low concentrations of parathion, malathion, 
and Aramite ( table 4). Boston and maiden• 
hair ferns were injured by malathion, and 
Cocculus laurifolius and some rose varieties 
were also sensitive to this material ( tables 5, 

6). Feijoa sellowiana and Philodendron fried
richstahli were injured by Aramite and mala
thion. Aramite also injured leaves of pathos 
and the petioles of unopened fronds or fronds 
just beginning to unroll on N eanthe bella 
palms ( tables 4, 5). Oil emulsion may be in
jurious to the foliage of a number of plants 
under conditions of high temperatures ( above 
85° F.) or low temperatures (below 40° F.). 

The soil drench treatments all appeared 
harmless except that the old formulation ot 
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Nemagon was observed to prevent the growth 
of caladiums in other test work, The Citrus 
Experiment Station reports that Nemagon re
stricts the growth of roots of citrus trees. 

Other tests on roses and chrysanthemums , 
,vith a large number of pesticides revealed 
some instances of phytotoxicity, and these are 
shown in table 6. 

Table 2.-- Pesticides Used in 1955 Tests 

Pesticide 

Soil treatments 
Technical Nemagon 
25% Demeton E.C. 

Sprays 

15% Aramite W.P. 
25% Malathion w. P. 
15% Parathion W. P. 

, 

Rate Used 

2 cc. per sq. ft. 
3 pts./acre 

High Cone. 

4 lbs./100 gal. 
8 lbs./100 gal. 
3 lbs. /100 gal. 

Low Cone. 

2 lbs./100 gal: 
4 lbs ./100 gal. 
1. 5 lbs. /100 gal 

Table 3.--Pesticides Used in 1956 Tests 

Pesticide 

Soil treatments 
75% V-C 13 E, C. 
50% Nemagon E. c. 
46% Parathion E. c. 
25% Demeton E. c. 

Sprays 

15% Aramite W. P. 
25% Malathion w. P. 
25% Demeton E. c. 
15% Parathion w. P. 
40% Toxaphene w. P. 
47,5% Thimet E. C. 
Oil Emulsion 

Rate Used 

27 gal./ acre 
3 gal./acre 

2. 5 gal./acre 
2 qts./acre 

High Cone. 

4 lbs ./100 gal. 
8 lbs ./100 gal. 
2 pts. / 100 gal. 
3 lbs. /100 gal. 
6 lbs ./100 gal. 

Low Cone. 

2 lbs./100 gal. 
4 lbs ./100 gal. 
1 pt./100 gal. 
1.5 lbs./100 gal. 
3 lbs ./100 gal. 
1 qt ./100 gal. 
1% 
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Table 4.--Results of 1955 Phytotoxicity Screening Tests. 
XXX=severe damage ; XX= moderate; X: slight 

Plant 

Philodendron selloum 
P. panduriforme 
P. wendlandi 
P. friedrichstahli 
P. hastatum 

DamagM by 

High Cone. Low Cone. 

Malathion XX; Aramite XX Malathion X; Aramite X 

Scindapsus aureus (Pothos) Aramite XXX Aramite XX 
Syngonium sp. Aramite XX (when dry) 
Schefflera sp. 
Pilea cadierei Par. XX: mal. XX; Ararn. XXX Par. X; mal. XX; Ararn . XXX 
Dieffenbachia picta 
D. amoena 
D. rhoers 

Note: where high concentration was not damaging, low concentration was not tried. 

Table 5---Results of 1956 Phytotoxicity Screening Tests. 
XXX: severe damage; XX= moderate; X: slight 

Damaged by 

Plant High Cone. 

~hilodendron cordatum Oil emulsion XXX 
Sanseveria zeylanica 
Neanthe bella (palm) Oil enn.il. X; Aram. X 
Tibouchina (Princess 

Flower) Parathion X_; malathion X 
Ixora coccinea 
Feijoa sellowiana Oil X; mal. XX; Aram. XX 
Buxus microphylla, (Jap. 

Boxwood) Toxaphene X; Aram. X 
Polyscias balfouriana (aralia) 
Podocarpus macrophylla 
Ardisia crispa 
Cocculus laurifolius Malathion XX;_ Aro.mite XX 

Low Cone. 

Thimet X (not use hi cone.) 

· Aramite X 

Parathion X; Malathion X 

Mal. X; Aram. X 

Mal. X; Thimet X (not use hi) 

Note: where high concentration was not damaging, low concentration was not used. 
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It should be pointed out that if a certain 
pesticide is found to be injurious to a certain 
plant variety, it does not follow that the pesti
cide would damage related varieties. Likewise, 
if a certain plant is injured by a given pesti
cide, it does not necessarily follow that the 
plant would be injured by pesticides which 
are chemically closely related. The inadvisa
bility of drawing a generality from specific 
instances of damage is well shown in some 
of the tests on roses where observations were 
made on more than one variety. Parathion, 
even at low concentrations, injured some va
rieties markedly (Red Pinocchio, Editor Mc
Farland) . Yet entomologists should not tell 
rose growers to avoid completely the use of 
parathion. Commercial growers whose plant
ings. consist solely of varieties not harmed by 
parathion have found this insecticide very use
ful. 

MEA!\S OF AVOIDING DA!vIAGE BY PESTICIDES 

While the data show some specific cases 
where the use of certain pesticides is damaging 
to plants, there are some precautions which 
will help to minimize phytotoxicity in the ap
plication of pesticides to any plants. Among 
these general points are some with which 
many growers are already familiar. For ex
ample, it is common knowledge that it is best 
not to spray wilted plants. If you know you 
are going to have to treat some plants with 
insecticides, you would do well to be sure the 
plants had been watered a day or two previ
ous to applying the materials if the weather 
has been dry. It is better to spray the plants 
during the cooler part of the day rather than 
under an afternoon sun in summer. During 
hot weather especially, plants in shade or 
broken shade are less likely to be injured than 

Table 6.--Phytotoxicity Observations from Miscellaneous Sources in Florida or 
Probably Applicable to Florida Conditions. 

I Damaged by 

Plant High Cone. Low Cone. 

Rose, var, Caledonia Par. XXX; Mal. XXX; 12008 XXX Mal. XX; 12008 X 
12003 X var. Talisman Par. XXX; Mal. XXX; 12003 XXX 

var. Editor McFarland Par. XX (not use hi cone.) 
Par. XX - var. 1'inocchio (red) 

var. Spartan No hi cone. used R 1303 XX; EM 923 X 
EM 923 XX Chrysanthenn.1m - pompoms 

Caladiurns 

Plant 

Ardisia 

Papaya 
Asters 

Poin"settias 

Gloxinias 

Red Carnations 

Pepper Plants 

African violet blooms 

OS 1897 XXX (old type) 

Some parathion damage reported though have not 
seen it in a number of tests in Gainesville. 
Sensitive to parathion, dithio 
In California the equivalent of only 1 lb. of 
15 % parathion wettable powder per 100 gal. may 
cause injury. 
May be injured in greenhouse by parathion or 
malathion especially at temperatures over 85° F. 
Have been reports damaged by malathion in green
house at temperatures over 8$° F. 
Have been reports damaged by malathion in green
house at temperatures over 85° F. 
Have been reports damaged by malathion in green
house at temperatures over 85° F. 
Sensitive to parathion sprays; Pestox 
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plants in full sun. It has been observed in care
ful studies by students at the University of 
Florida, that the same treatments on the 'same 
plants may cause markedly more damage in 
summer than in cooler seasons. 

It should go without saying that concentra
tion of pesticidal sprays is important. How
ever, there is a tendency even for people who 
should know better to say, "The label on the 
bag says '2 pounds of wettable powder per 
100 gallons,' so I'Il use 4 pounds." Such prac
tices may result in no damage but be warned 
that among the numerous kinds of ornamental 
plants are many relatively tender ones which 
can be damaged by concentrations higher than 
those recommended. 

UsuaIIy the newest, tenderest, not-fully-ex
panded leaves are injured when a plant is 
damaged by modern pesticides. However 
there are examples where older leaves are also 
damaged. On some rose varieties, a number 
of sprays and oil emulsion sometimes causes 
worse spotting on older leaves than on newer 
ones. In general, however, a leaf is most sus
ceptible to injury from the time the new leaf 

first appears to the time the leaf is fully ex
panded. 

Commercial growers can ill afford to have 
their plants' growth set back by pesticides. 
However, it has been repeatedly observed that 
injured plants can in time recover to become 
healthy-looking again. · 

Growers can use a simple test to check for 
phytotoxicity on a plant species never before 
treated with a particular pesticide. Spray or 
dust a few plants at first and watch them for 
a few days. If the plant is susceptible to in
jury, symptoms usually appear within one 
week. The commonest symptoms of chemical 
injury are yellowing and browning of areas of 
the leaves, especiaily the newest ones. Badly 
affected leaves may be crinkled and rolled, 
and . may faII from the plant. 
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THE EFFECT OF PARA THI ON AS A CORM 
AND SOIL TREATMENT FOR GLADIOLUS 

E. G. KELSHEIMER 

G11lf Coast Experiment Station 

Bradenton 

It was noted .in 1948 that leafy crops re
ceiving a spray application of parathion (gen
erally the 15 percent wettable form) were 
always greener and more thrifty looking than · 
adjoining plots not receiving a phosphatic 
treatment. The cause of this difference has 
not been determined. It is reasonable to sus
pect that the plants received some benefit 
from this phosphatic application not related 
to insect control. In the early days when para
thion was applied to gladiolus, yellowish-green 
foliage could be made a normal green color 
and the plants appeared to make a better 
growth than untreated plants. As the use of 
parathion became more universal and it was 
mixed with other materials this earlier phe
nomenon was not seen again . 

It has been proven that an application of 
parathion to gladiolus corms will effectively 
control the root-knot nematode ( 3, 4). Early 
work with the effect of parathion on gladiolus 
corms was with jumbo corms. In one series 
corms averaged 3 to 3Jf inches in diameter. 
Large healthy corms usually produce from 2 
to 3 corms as splits. Effects on corm develop
ment could not be accurately measured from 
such corms but they gave a better index of 
flower production than smailer corms. 

In the faII of 1954, No. 2 corms of Spic and 
Span were dipped in a parathion solution for 
5 minutes. The solution consisted .of 1 pint of 
a 4-pound emulsible parathion to 100 gailons 
of water (now widely used as a co1'in treat
ment lo control nematodes). These . corms 
were heavily infested with. nematQdes. New 
corms harvested from , .the · treated corms 
weighed more than those Jrom the untreated 
(Table 1). Flower production was increased 
but not . significantly. Other phosphatic ma-
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-Table 1. (;c!'m anc' Flo'.icr Production of Spic and Span Gladiolus 
as Innuenced by farathion Corm Treatment 

Fall 1954 

Tr-eatr.ient 
Parathio:i 0.5 lbs. 
Check 

New r,o!"l'lS r.ecovcred• 
Jumbo 1 2 Total 

active 52 6 - 58 
38 10 2 50 

Flower grade 
C B A S 
5 8 23 9 
2 5 21 7 

F 
3 
6 

Total 
Flowers 

48 
42 

FPI1 
Total 

189 
174 

*10 replications of 5 No,2 corms weig'iing 15 grams each at planting. All corms below 
rlo.2 w7're discarded. 

Spring 1955 

li! el:!£ Ccz:m:i ficc2v~c!:!1 fl,QW~:C ll:Cs!sl!: Total Ff'Il 
7rc-:,tment Jumbo 1 2 Total-lf-1< C B A s F Flower.s Total 
rarat hion 0.5 lhs. active 2 49 29 80 17 22 25 7 1 72 241 
Check 6 25 24 55 24 14 12 6 1 57 174 

iHl50 No. 2 corms were planted. 'Th E' difference between treated an:! untreated is great 
when sizes 3-6 arF. discarded. This has been noted in previous years with Valeria 
and Ficardy. From t!-te sa-:-e lot of corms as t'lose . planted in the fall of 1954. 

lFFI = Flower Productlon Index in w•dch the "C" grade is given a numerical rating of 2 
and each hit;hcr grade is gi-Jen an ad:JiUonal unit. These ratings 3,re roughly propt>rtional 
to the !"arket price of the different grades. 

terials were used in this and subsequent tests, 
but are not discussed since they were inferior 
to parathion. 

The same type of experiment was performed 
in the spring of 1955. If we subtract corm 
sizes No. 3-6 from the total of new corms re
covered, the difference is great between para
thion treated corms and those untreated. 
These corms had cured longer than those in 
the previous treatment so it is likely that the 
diseased corms had been discarded before 
planting, hence a larger flower cut with the 
productioµ in favor of the treated corms. 

During the fall and winter of 1955-56 an 
experiment was conducted in similar manner 
with jumbo corms of Hopman's Glory. Even 
though these corms received the same dip 

treatment for disease and nematodes as those 
in previous tests, new corms production was 
poor and flower production was very low as 
shown in Table 2. 

Parathion as a soil treatment for gladiolus 
has been tested since 1950 but no difference 
could be noted. In 1955, a combination wire
worm, nematode and/ or soil pest experiment 
was conducted in the spring in a field of Leon 
fine sand of pH 5.9. In this test four treat
ments were replicated four times in single row · 
plots 20 feet long. Picardy corms size No. 5 
and 6 were planted, 81 per plot. The corms 
were dipped for 15 minutes in a solution of 
12 pounds of Captan 50 percent WP and one 
pint of 4 pound active parathion emulsible to 
100 gallons of water. The soil treatments were 

T:ible 2. Corm!, and Flower Fro:iuction of Hopman' s Glory Gladiolus 
as Influenced by Parathion Treatment of the Corm. 

'!'nat□ent 
rarathion 0.5 Us. active 
Check 

Fall and ';Jinter 1955 
~fow Germs Recove!'ed 

Ju:nbo 1 2 Tot:i l 
15 26 12 53 
10 23 14 47 

•Jw:ibo 3-3 1/2 inch di~reet ~r corms. 
50 corms planted. Flower proouctfon poo:::-. 

n 
V 

7 
? 

Flower grade 
B A s 
9 6 1 
9 6 

F 

1 

Total 
Flowers 

23 
25 
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( 1) check ( attapulgite alone); ( 2) parathion, 
5 pounds active, (3) parathion 10 pounds ac
tive and ( 4) parathion 20 pounds active form
ulation per acre applied in the furrow before 
planting. The parathion was applied as a 15 
percent material in a granular form made up 
to 30/40 mesh "AA" RVM attapulgite. The 
granular formulation costs no more than a 
similar strength wettable powder and can be 
applied in the furrow with a fertilizer distribu
tor. These materials were evenly distributed 
in the furrow, the corms planted and covered 
with soil within the half hour. It is important 
that the parathion be covered soon after ap
plication because of the disappearance of para
thion residues apparently due to direct volatili
zation ( Ginsberg 2). Once, the material was 
covered loss of parathion· is slow. 

Carlo, et al (I) showed that parathion was 
less stable than toxaphene with a rapid disap
pearance during the first two weeks after ap
plication. Increasing pH accelerated the de
composition of parathion. They state: "Para
thion was not lost from the soil by volatilization 
to any appreciable extent; rather, the insecti
cide disappeared slowly, presumably by 
chemical degradation." The insecticide could 
be detected in the soil at the end of eight 
weeks." 

The 5 and 10 pound rates improved per
centage recovery and total number of corms 
harvested but the 20 pound rate was no better 
than the control ( Table 3). Flower production 
was erratic due to size of corms used in the 
treatment, so no flower data were recorded. 

';acle .3. Par.'3.t.hion as a Soil Tre•.1tment and Its Effect on Growth of Ficardy corms* 
Spring 1956 

1-!t. Fercent 
rrc.of of corns Recovery 

'l'r~<lt.ment ' 'h 1 ,., Cor:ns in "'rams of corms ..:ur:~o "'-

Check l;\ 75 59 147 5021 44.S 
Paro.thion 5 lbs. ac'tive ;_5 110 56 191 7020 59.0 
Parathion 10 lb5. active 1" 130 54 201 6970 62.0 
Parathion 20 lbs. act,ive 9 92 53 154 5231 47.5 
LSD 51 55 1731 
-~81 Ko. 5 ;nrl 6 cor:,s planf.e.-J per plot or 324 per treatr.1eni,. 

CONCLUSION 

Parathion corm treatment does have a favor
able effect upon the growth and development 
of the gladiolus. The 5 and 10 pound active 
treatment in the soil were the best rates 
tested. Growers could use this soil treatment 
in the row where they have not used any other 
soil treatment. Caution must be used if the 
soil is alkaline or a heavy application of lime 
has been made. 
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THE GENUS SOLANDRA IN FLORIDA 

R. D. DICKEY 

Florida Agricultural Experiment Station 

Gainesville 

The genus Solandra, which is found in the 
American tropics, has several species valuable 

as ornamental plants. A few species of this 
genus are to be found growing in Florida. 
There are several references that will assist in 
their identification ( 1, 2, 3, 4, 5, 6, 7). 

The solandra commonly seen in Florida 
gardens has been referred to under sev.eral 
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botanical and common names, which raise. 
the question of what specie do we have? 
Botanical names most often assigned it are 
Solandra grandiflora Sw. and S. guHata D . 
Don ex Lind . The available evidence indicates 
that the solandra commonly seen in Florida is 
properly identified as S. longiflora Tussac, the 
bugle chalice viJ1 ( Fig. 1). 

Fig. 1. Flower nncl foliage of bugle chalice vine, 
Solan dra longiflora . 

Illustrations of Olle species of solandrn 
grown in California, Cuba and Pue1to Rico 
show tl1at it is similar to the one grown in 
F lorida ( 3, 4, 5, 7). The plant common here 
(S. longiflora ) differs from that of S. grandi
flora Sw. figmed in Bailey ( 1) in that the 
flower is longer, the lobes of the corolla are 
wavy and toothed and there is a disti11ctive 
constriction near the lip of the cup, while the 
corolla of S. gra11diflom is widest at this point. 
The calyx of S. grandifl.ora covers the entire 
lower part of th tube while that of the species 
commonly grown here covers only one-half of 
th lower portion of the tube ( Fig. 1). Both 
~P cies are de cribed as white flowered; how
ever, buds and newly opened flowers of S. 
longiflora are usually creamy-white but grad
ually darken to cream-yellow as they mature 
and the tlu·oat is marked by 10 distinct purple 
lines. 

Cup of gold, Solandra guttata D. Don . ex 
Lind. , is grown to some extent in California, 
but there are relatively few plants of this 
species growing in F lorida. There are several 
characteristics wh ich distinguish it from the 

bugle chalice vine. The buds and newly 
opened flo, ers are cream-yellow and darken to 
a golden color as they mah.ir . The chalice is 
shaped like a wide, relatively shallow, goblet, 
is from 6 to 8 inches in width and has 5 
purple lines .in the throat (Fig. 2 ) . The leaves 

Fig. 2. Flower and foliage of cup of gold, Solandra 
gutta ta. 

are smooth on top and pubescent underneath , 
while those of S. longiflora Tussac are en tire
ly smoolh. 

In a letter to Mr. Erdman West (January 
14, 1955) , Mr. G. 1. H. Lawrence, Director 
of the Bailey Hortorium, Cornell University, 
Ithaca, ew York, stated "According to the 
material in our herbarium, there are three 
species now cultivated in Florida. They are 
S. longiflora Tussac, S. Hartwegii I • E. 
Brown, and ( at the Fairchild Tropical Gar
dens only, accordfog to our records) S. brevi
calyx Standley." There is come confusion as to 
what solandra is meant by S. Hartwegii as it 
has apparently been confused with some of 
the other species. 
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STUDIES ON CHEMICAL WEED CONTROL 

IN PLUMOSUS FERN 

407 

C. C. HELMS, Ju., J. M. CnALL, 

AND E. 0. Bmn' 

INTRODUCTION 

Asparagus fern (Asparagus plumosus var. 
nanus Baker) has long been a standard deco
rative green in the florist trade, and central 
Florida has been a major production area. 
According to Platt ( 1) , the acreage of fern 
in Florida had grown from 800 acres in 1932 
to about 3000. acres in 1952, with a gross 
value of about 10 million dollars. Reliable 
current production figures are not available, 
but both the acreage and total value probably 
have increased somewhat since 1952. Fern 
production is concentrated chiefly in Volusia, 
Lake, Orange, Putnam, Brevard, Marion, 
Seminole, and Polk counties, with about one-
half the acreage in Volusia county. · 

Cultivation of established fern beds is not 
practiced and weeds have commonly been re
moved by hand. Because of the increase in 
wages for labor over the past few years, weed 
control in plumosus ferneries has become more 
costly. There is a considei:able range in the costs 
of hand weeding plumosus fern depending on 
the season and other variables, but $300 per 
acre is considered a representative · figure for 
the industry in recent years. This extremely 
high cost ofmanual weed control and increas
ing competition from other types of decorative 
foliage greens have thrown some fern acreage 
out of production and actually threatened the 
existence of the Florida plumosus fern indus
try. 

Tests have been made for several years to 
determine whether any of the newer chemical 
herbici_des might be useful in weed ~ontrol in 
ferneries. The purpose of this paper is to re
port the results of those tests. 

Florida Agricultural Experiment Station Journal 
Series, No. 553. 

1/Formerly Assistant Agronomist, Watermelon and 
Grape Investigations Laboratory; Plant Pathologist. 
in Charge, Watermelon and Grape Investigations 
Laboratory; and Assistant Ag ronomist, Agronomy De
partment; respectively, of the Florida Agricultural ' 
Experiment Stations. 

ScnEENING TESTS 

A number of chemical herbicides were 
tested at the Oliver Hetsch fernery near Lees
burg in 1951 and 1952. Mature fern and 
weeds were cut at two inches and the litter 
was left undisturbed. No fertilizer was applied 
in 1951, but one ton of 4-8-8 per acre was 
applied after mowing in 1952. Plots were 
4 x 11 feet, and treatments were replicated 
three times in a randomized block design. 

The following chemicals were tested: 4,6-
dinitro ortho secondary butylphenol (DNBP); 
pentachlorophenol (PCP); diethanolamine 
salt of 2,4-dichlorophenoxyacetic acid (2,4-D 
amine) ; isopropyl ester of 2, 4-dichlorophen
oxyacetic acid (2,4-D ester); disodium salt 
of 3,6-endoxohexahydrophthallic acid ( socli
. ium endothal) ; calcium salt of 3,6-encloxo
hexahydrophthallic acid ( calcium endothal); 
maleic hydrazide (MH); dichloral urea 
( DCU) ; octochloro cyclohexenone (OCH) : 
3-( p-chlorophenyl )-1,1-dimethyl urea ( mon
uron); 2,4,5-trichlorophenoxyacetic acid (2, 
4,5-T); sodium trichloroacetate (sodium 
TCA); isopropyl N-(3-chlorophenyl) carba
mate ( CIPC); sodium 2,4-dichlorophenoxy
ethyl sulfate (2,4-DES); and tractor fuel. 

Chemicals were applied on April 9, 1951 
and August 8, 1952 with a hand sprayer de
livering the equivalent of 65 gallons of solution 
per acre at 50 psi pressure. Observations were 
made JJeriodically and treatments were rated 
on an arbitrary scale ( l=good to 5= very 
poor) for both weed control and fern damage. 
Five ratings ( over a period of 140 clays) were 
made in 1951 and one rating (60 days after 
application) was made_ in 1952. 

The weed flora consisted primarily of the 
following: spanish needle (Bidens bipinnata 
L.); maypop ( Passi flora incarnata L.); penny
weed (Hydrocotyle spp.); Oxalis spp; wan
dering jew ( Tradescantia fluminensis Veil.); 
pokeweed (Phytolacca rigida Small); and 
Paspalum spp. 

The various chemicals are rated for herbi
cidal effectiveness and toxicity to asparagus 
fern in Tables 1 (1951) and 2 (1952). 
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Broadleaf weeds were significantly sup- gallons or more per acre, 2,4-D amine at all 
pressed by all chemical herbicides in 1951 rates, and monuron at 16 pounds per acre (in 
(Table I) and by all materials except PCP, 1951) and DNBP at 25 or more pounds per 
calcium endothal, OCH in oil, CIPC, and acre, 2,4-D ester, and 2,4-DES (in 1952). 
tractor fuel in 1952 ( Table 2). Most effec- Grasses were significantly suppressed by all 
tive in broadleaf weed control were DNBP in chemical herbicides except DNBP in water at 
oil at 50 pounds or more per acre, PCP at 40 25 -and 50 pounds per acre, sodium endothal 

Table l. Mean ratings1 (5 observations) on control of broad.leaf and 
grassy weeds and fern damage ai'ter various herbicide applications 
(1951). 

Pounds 
Acre Total Broad- Fern 

Material Active Carrier Weeds leai' Grasses Dam.age 
I!!firedient2 Weeds 

DNBP 25 oil 1.87** 1.87- 2.00** 2.07 
DNBP 50 oil 1.13** 1-13** L6Qlf-* 2.07 
DNBP 75 oil 1-13** 1.13** l.8o** . 2.87 
DNBP 100 oil 1.27** LOO** L60** }.7?,* 
DNBP 25 vater 2.47** 2.00** 3.27 1.53 
DNBP 50 water 2.20** L60** 2.67 2.53 
DNBP 75 water 1.33** 1.20** 1.27** 2.40 
DHBP 100 water l.6Qlf-* 1.11** 1.87** 2.87 
PCP 20 oil 1.60** 1.73** 1.33** 3.00 
PCP 40 oil 1.20** L20** 1.60** 3.47 
PCP 60 oil 1.13** LOO** 1.07** 4.67** 
2,4-D amine 20 water 1.13- 1.07**. L87** 2.73 
2,4-D amine 40 water L20** 1.33** 1.00** L67 
2,4-D amine 60 water 1.20** 1-07** 1.40** L73 
2,4-D amine 8o water 1.20** l.Q()lt* L47** 2.87 
Sodium endotbal 3.2 vater 3.8o 3-73** 4.13 2.13 
Sodium endotbal 16 water 1.67** 1.67** 1-93** 2.13 
MH 2 water 3.20** 3-33** 2.40* L8o 
MH 8 water 2.67° 2-73** 2-33* L87 
MH 10 water 3.27* 3-27** 2.07** . 2.8o 
DCU 10 water 3.13** 3.20** 1.60** L73 
DCU 50 water 2-93** 3-07** L87** 2.07 
OCH 10 oil 2-73** 2-73** 3.27 2.47 
OCH 20 oil 2.87** 2-93** 2.73 3.00 
Monuron 8 water 3.00** 2.53** 3.73 3.00 
Monuron 16 water l-33** 1.53** l.OQlf-* 4.4Qlf-* 
OCH+ 2,4,5-T 10 + 5 oil 1.40** 1.67** l.13** 2.53 
DNBP + 2,4,5-T 5 + 5 oil l-73** 1.67** 1-73** 3.20 
2,4,5-T 5 oil 2.20** 1.73** 2.8o 3.6o* 
2,4,5-T 20 oil 1-47** L40*"* 1.73*"* 3-73* 
SodiUll TCA 50 vater 2.20** 2-33** L93** 2.53 
None (check) water 4.53 5.00 4.00 2.27 

LSD 5 percent 0.96 0.87 1.45 1.23 
LSD I percent 1.28 1.16 1.92 1.63 

1Ratings based on arbitrary scale fran l(good) to 5(very poor). 
2PCP in gallons per acre. 
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Table 2. Mean ratings.L (one observation only) on control of broadlea-r 
and grassy weeds and fern daJl.sge after various herbicide 
applica~ions (1952). 

Pounds/ 
Acre :Broad.leaf Fern 

Material Active 
!!!sredient2 

Carrier Weeds Grasses Damage 

DNBP 15 oil 3.00* 1.67 2.33 
DNBP 25 oil 2-33** 1.00* 2.33 
DNBP 35 oil L33** L33 2.00 
DNBP 45 oil L67** L33 3.00** 
DNBP 25 water 2.00** L67 L67 
DNBP 35 water 2-33** 1.00* 2.00 
DNBP 45 water L67** LOO* 3.00** 
PCP 10 oil 4.33 2.00 1.67 . 
2,4-D ester 10 water 2-33** L33 2.67* 
2,4-D ester 20 water 2-33** L33 2.33 
Sodium endothal 20 water 3-33* LOO* 2.33 
Calcium. endothal 20 water 3.67 LOO* 3.00** 
OCH 25 water 3-33* 1.33 1.33 
OCH 25 oil 3.67 L33 · L33 
CIPC 20 water 3.67 LOO* 2.67* 
2,4-DES 20 water 1.67** 1.33 2.00 
Tractor fuel 65 oil 4.67 3.33 2.33 
None {check) -- water 4.33 2.00 1.33 

LSD 5 .percent LOO 0.90 1.20 
LSD l percent L35 1.21 1.61 

1Ratings based on arbitrary scale -rroa l{good) to 5{very poor). 
2PCP and tractor fuel in gallons per acre. 

at 3.2 pounds per acre, OCH, monuron at 8 
pounds per acre, and 2,4,5-T at 5 pounds 
per acre in 1951; most effective were PCP, 
2,4-D amine, monuron at 16 pounds per acre, 
and OCH plus 2,4,5-T {Table 1). In 1952 
grasses were significantly suppressed by DNBP 
in oil at 25 pounds and in water at 35 and 45 
pounds per acre, sodium endothal, calcium 
endothal? and CIPC {Table 2). . 

Significant fern damage was caused by 
DNBP in oil at 100 pounds per acre, PCP at 
60 pounds per acre, monuron at 16 pounds 
per acre, and 2,4,5-T in 1951 (Table 1) and 
by DNBP in oil or water at 45 pounds per 
acre, 2,4-D ester, calcium endothal, and CIPC 

in 1952 {Table 2). Obvious damage, though 
not statistically significant, occurred after use 
of some of the other materials. Sodium TCA 
caused severe epinasty of fern needles, but 
did not affect the size of plants. 

TESTS Wrrn MoNURON AND DxuRON 

1953 and 1954 

In 1953 and 1954, through the courtesy of 
Dr. B. L. Richards, Mr. W. D. Hogan, and Mr. . 
W. R. Irey of the E. I. DuPont de Nemours 
and Company, observations were made on un
replicated plots established by these workers at 
Vaughn's Incorporated fernery in Fem Park. 
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In 1953 monuron ( formulated as Karmex 
' W) and diuron (3(3,4-dichlorophenyl)-l,l
dimethylurea (formulated as Karmex DW) 
were applied to mature unmowed fern at rates 
from 1.6 to 12.8 pounds per acre. The fern 
was damaged at all rates of both materials, 
but diuron at 1.6 and 3.2 pounds caused only 
slight fern damage and suppressed weed 
growth. Monuron caused more severe fern 
damage than diuron. 

In 1954 diuron was applied as a wettable 
powder formulation ( Karmex DW) at 2.4 to 
6.4 pounds per acre and as a liquid formula
tion (Karmex DL) at 1.6 to 4.8 pounds per 
acre to areas that had been weeded and mowed 
immediately prior to treatment. Both ma
terials caused little fern damage at 4.8 pounds 
or less, but Karmex DW caused severe damage 

. at 6.4 pounds per acre. Weed control was 
good with both materials at 3.2 pounds or 
more per acre. 

1955 REPLICATED T EST 

Monuron at 1.0 and 1.5 pounds and diuron 
(liquid formulation) at 1.5, 3.0, and 5.0 
pounds per acre were tested at six locations 
in Lake, Volusia, and Seminole Counties. In
dividual plots were 12 x 24 feet, arranged 
randomly, with all treatments occurring once 

at each location. The fern was mowed and 
fertilizer was applied three days prior to herbi
cide applications, which were made with a 
boom-type sprayer in March and April. Ob
servations on fern growth .and weed control 
were made periodically and fern yields were 
determined in July at 4 locations. 

The weed flora at the various locations, in 
addition to those listed above, included the 
following: rabbit tobacco ( Gnaphalium ob
tusifolium L.), Florida pusley ( Richardia sca
m St. Hil.), sow thistle ( Sonchus oleraceus 
L.), night shade ( Solanum nigrum L.) , Vir
ginia creeper ( Parthenocissus qrtinquefolia 
( L.) Planch.) Bermuda grass ( C ynodon dac
tylon (L.) Pers.), and nutgrass ( Cyperus ro
tundus L.). 

Weed populations were significantly re
duced by monuron and diuron at all rates 
( Table 3). Although differences in weed con
trol among rates were generally not significant 
statistically, the 3.0 and 5.0 pound rates of 
diuron reduced weed populations to 90.9 and 
97.3 percent of the check, respectively (Table 
3). 

Although the differences were not signifi
cant statistically, fern yields after all rates of 
monuron and diuron were greater than in the 
untreated check. 

Table 3. Effects of monuron and diuron (liquid) at various rates on 
weeds and plumosus fern (1955). 

Pounds/ 
Acre Percent 

Active Weeds Weed Fern 
Material Ingredient ~er Plot Reduction Weight1 · 

Monuron 1.0 90.3"IHI· 55.6 3.56 
Monuron 1.5 57•3*~ 71.8 3.42 
Diuron 1.5 44.2H" 78.3 4.13 
Diuron 3.0 18.7a 90.9 5.03 
Diuron 5.0 5•5** 97.3 4.03 
None (check) 203.0 o.o 2.75 

LSD 5 percent 77.0 NS 

10unces _per ' square foot of plot. 
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1955 AHEA TE TS 

In addition to the replicated test, several 
areas of one acre or less , ere trea t cl ,, ith 
cliuron (both liquid and wettable powder 
formulations) at 2.5 pounds per acre. Methods 
of applica tion were similar to those air acly 
described. Diuron applications were made in 
July and Augu t. Both broadleaf and annual 
gras y weeds were adequately control! cl after 
these treatment , with little or no fern dam
age. With considerably less than the usual 
amount of manual weeding, adequate weed 
con trol was maintained throughout the . a on 
( 10-12 months). 

1956 TEST 

Replicated tests of diuron ( wettable pow
der) at 2.5, 5.0, and 7.5 pound per acr were 
established at t\\'o locations in Lake County 
in April 1956, primarily for the purpose of de
termining the effects of repeated applications 
of diuron on the same ar a. ix month after 

L ef t, diuron treated; right, untreated. 

the initial applications, weeds were rampant 
in the unb·eatecl plots but well controlled after 
application at a!J rates of diuron. Fern damage 
was noted only at the 7.5 pound rate of ap
plication. 

Discus 10 

h mical , ee<l control in asparagus fern is 
esp cially practical becau e of the high cost of 
manual weeding. Of a number of materials 
tested, DNBP and the substituted urea com
pounds monmon and diuron were the most 
promising. The former material has the disad
vantage of marked volatility, making it dis
agreeable lo handle and subjecting adjacent 
unmowed fern to damage from fumes. Monur
on controlled weeds adequately but generally 
caused fem damag at rates over 2 pounds per 
acre. Asparagus fern proved much more toler
ant to diuron, witl1 little damage occmring at 
rates of application under 5 pounds per acre. 
Diuron at 3 pounds per acre reduced weed 
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Left, untreated; right, diuron treated. 

populations approximately 90 percent. Re
sults of several trials showed that diuron 
(either wettable powder or liquid) at 2.5 
pounds per acre would adequately control 
weeds and allow an adequate safety margin 
( 100 percent) to compensate for overlapping 
of applications and mistakes in calibration of 
equipment. 

Diuron will not completely control some 
deep-rooted broadleaf weeds such as wander
ing jew. It is also ineffective against estab
lished bunch-grasses, Bermudagrass, and nut 
grass. 

Diuron is currently being recommended on 
a trial basis for weed control in asparagus 
fern. The long-time effects of continued use ot 
this material in ferneries are not !mown, but 
information from other workers ( 2) indicates 
Lhat it is slowly broken down by soil micro
organisms and should not build up to toxic 
levels in the soil if used no oftener than once 
a year at 2.5 pounds p er acre. 

HECOMMENDED PHOCEDUHES FOH UsE 

OF DnmoN 

l. Pull weeds before mowing fern. 
2. Mow fern, remove litter, and fertilize. 
3. Apply diuron uniformly at 2.5 pounds 

per acre within three to five clays after mow
ing. 

4. If soil moisture is lacking, apply }' to )~ 
inches of water by sprinkler irrigation. 

5. Supplementary weed con trol , if neces
sary, should be clone manually. 

PRECAUTIONS IN USE OF DIUHON 

l. Apply only on established fern stands. 
2. Do not apply more than the recom

mended rate of 2.5 pounds per acre. Rates in 
excess of 5 pounds cause fern injury. 

3. Apply only once a year. 
4 . Do not apply where chemical will con

tact roots of other desirable plants or trees. 
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5. Do not apply in ferneries under oak 
shade. 

6. Read and follow carefully instructions 
and precautions on label. 

LITERATURE CITED 
I. Platt, W. J., Jr. 1952. Asparagus fern culture. , 

Fla. Agric. Ext. Serv. Bull. 153. 
2. Hill, G. D., J. W. McGahen, H. M. Baker, D. W. 

Finnerty, and C. W. Bingeman. 1955. The fate of sub
stituted urea herbicides in agricultural soils. Agron. 
Jour. 47: 93-103. 

FUNGICIDES AND PLANT INJURY 

ALBERT P. MARTINEZ
1 

State Plant Board of Florida 

Gainesville 

The following is a report on Fungicide 
Toxicity Tests-carried out by the Ornamentals 
Section of the Plant Pathology Laboratory of 
the State Plant Board of Florida. These tests 
were undertaken because of the desire ex
pressed by many Florida growers to know the 

types of fungicide materials best suited for 
use on ornamental foliage plants, and at the 
same time to know and avoid those fungicides 
which certain plants would not tolerate. 

Fig. 1. The six fungicides chosen for the 
first test were applied at twice the commercial
ly recommended rate. We assumed that if a 
specific fungicide produced no injury at twice 
the recommended rate, it could be eliminated 
from the second test. 

TABLE 1. MATERIALS EMPLOYED IN FIRST TEST 

FUNGICIDES CONCENTRATIONS. PLANTS 

*Nabam (Dithane D-14) + ZnS0
4 

2 qts. + 1 lb/100 gals. *Schefflera sp. 

P. C. N. B, 75 W 100 lbs/acre Scindapsis aureus 

*Maneb (Manzate) 4 lbs/100 gals. *Gardenia _jasminoides 

Captan 50 W 4 lbs/100 gals. *S.vngonium sp. 

Fixed Copper(Copper A)(45% copper) 4 lbs/100 gals. Philodendron friedrichstahli 

*Zineb (Dithane Z-78) 4 lbs/100 gals. Philodendron panduraeforme 

*Dieffenhachia amoena 

*Pilea cadierei 

ll-These materials were used in t.he second or fol10w-up t.est. 

The plants used were grown from cuttings 
rooted under "sterile" conditions. They were 
direct-planted in plots in the greenhouse 
bench. The bench had been sterilized and· the 
soil fumigated with Methyl bromide ( 4 lbs/ 
100 sq. ft.). The soil used was the "U. C. L. A. 
mix," which provides a uniform medium with 
a constant "built in" nutrient supply. Thus pre
cautions were taken to eliminate variables 
which would interfere with possible symptoms 
of phytotoxicity. 

1 /Appreciation is expressed to Dr. James Tammen, 
formerly Chief Ornamental Pathologist, for his guid
ance and planning which made these tests possible. 

The fungicides were applied at regular 
weekly intervals. Three days after each spray 
application, readings were taken and phy
totoxic symptoms were recorded. All treat
ments were replicated twice. 

One striking example of phytotoxicity, under 
the conditions of this test, was the reaction of 
Gardenia fasminioides to the application of 
Maneb. Leaves were severely burned 24 hours 
after the first spraying. Plants were almost 
completely defoliated 3 days after this spray
ing. Plants were dead at termination of test. 
Another example was the reaction of Pilea 
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caclierei to 1laneb, Zineb and abam + 
ZNSO,. Plants wilted and later stunted, with 
abscission of leaves after being sprayed with 
Maneb. The same reactions were evident as a 
result of Zineb treatmen t. The 1 abam applica
tions produced general chlorosi and moderate 
leaf abscission. 

Under the conditions of thi te t, Philoden
dron pancluraeforme, Scindapsis aureus and 
Syngonium sp. were not injured by any of the 
fungicides, at h ice the specified concentra
tion. Table one shows that three of the ma
terials, P. C. N. B. 75 W, Captan 50 W and 
Fixed Copper were eliminated after the first 
test, since they produced no clear phytotoxic 
symptoms on any of the plants used in this 
toxicity test. 

c.1+, 
1-f 01' .. · / /00 1,, 

The methods employed in the following 
lest were essentially the same, the only dif
ference being the use of 4-inch pots for the 
plants in the experiment. Plants were sprayed 
every four days, read ings of phytotoxicity were 
record cl prior to the spray applica tion . The 
concenb·ations used were: ( 1) high ( commer
cially r commended rate ), (2) medium (half 
this rate), ( 3) low ( one-fourth th recom
mended amount). 

Eighteen days after the first spray applica
tion, the !'ilea in the labam treatment began 
to show wilt symptoms. This condition was 
followed by severe wilting, tip-burn and final
ly loss of leaves. The degree of phytotoxicity 
was in proportion to the concentration of the 
fungicid . Fig. 2. This plant exhibited the 

Fig. 2. The degree of phytotoxicity was in proportion to the co nce ntration of the fungicide. Pil ea exhibited 
th e sam e symptoms in a ll treatments . 

same symptoms in both Zineb and Maneb 
b·eahnents. 

Twenty- three clays after first spray applica
tion , the Schefflera plants in all the b·eatments 
began to show a chlorotic spotting, with the 
epidermal tissue broken in spots, on the under 
sm face. Fig. 3. 

The Gardenia plants show a definite tip
burn. This condition, found only in the Zineb 
treatment, was evident at the extreme tip of 
the leaf, later spreading toward the leaf petiole 
and forming a lai·ge necrotic area. Fig. 4. 

The other two plants, Dieffenbachia amoena 
and Syngonium sp. , do not show any evidence 
of phytotoxicity in this test. 

The conclusions based on the observations 
made during the course of the toxicity tes ts, 
are as follows: 

1. abam, Maneb and Zineb should not be 
used for fungus control on Pilea caclierei. If 
a fungicide is necessary, Copper A should get 
the nod. 

2. Any of the fungicid e sprays mentioned 
in this paper may be used with safety on 
Dieffenbachia amoena and yngonium. 

3. P. C. N. B. 75 W, and Fixed Copper 
may be us cl safely on the plants in this test. 

o phytotoxic injury was produced under the 
conditions herein described. 
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Fig. 3. Schefflera leaf, plants in all the treatments show a chlorotic s potting, epidermal ti ssu e is broken 
forming tiny s pots on the under surface . Man eb less severe than Nabam a nd Zineb . 

Fig. 4. Gardenia jasminioides showing a definite 
tip- burn in th e Zineb trea tm e nt . In no other treat
m e nt was this condition evide nt. 

4. These two toxicity tests confirm the im
portance of following the manufacturers' 
recommendations for the various products. 

5. If in doubt, always test a new fun gicide 
on a few plants first. It is possible that under 
different conditions a specific fungicide will 
not cau e plant injury. H owever, if it does you 
will lose only a few plants when a tes t is made 
before general use of the spray. 

6. Do not use a fungicide as a cure-all. 
Spray only when necessary. Remember that 
tJ1 e treatment may be worse than the ailment. 

7. Results of the preceding toxicity tests 
offer you a variety of choices in the selection 
of fungicides for use on ornamental foliage 
plants. Your Experiment Station has been try
ing since 1947 to put across to growers the 
importance of this one fact: Whenever it is 
possible, you should alternate fungicides. This 
will prevent a residual accumulation of chemi
cals, and will give you more efficient fungus 
control. 

THE HUNTING BILLBUG A SERIOUS PEST 

OF ZOYSIA 

E. G. KELSHEL'\,fER 

Gulf Coast Experiment Station 

Bradenton 

A carton of zoysia, sod and soil, Zoysia mat
reUa and Zoysia japonica Meyer strain was 
submitted for examination for possible fertili-

zer and/ or insect damage. Insp ction of the 
root revealed numerous grubs suggestive of a 
weevil or curculio and some Curculioned 
beetles. The specimens did not resemble the 
larvae of the weevil infesting acorns of the 
live oak, so frequently found in sod planted 
near oak trees. Specimens of larvae, pupae 
and adults were sent to v\lashington and were 
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identified as the hunting billbug, Calenclra 
ve11at11s vestita ( Chtb1 ) 0

• 

NATURE OF DAJ\IACE 

The first indications of an infestation ol the 
bunting billbug in a zoysia planting are the 
yellowing or browning of areas of sod that 
can easily be confused with fertilizer bum. 
The difference between fertili zer burn and 

insect damage lies in the fact that the grass 
can be pulled out by the handfuls in the case 
of insect damage, whereas this is not true of an 
area burned by fertilizer. Digging into the soil 
benea th these discolor.eel areas will disclose 
the presence of the insect. 

Damage to zoysia nurseries has been exten
sive. It is desirable to have a solid compact 
mat of fibrous roots of zoysia sod, Fig. 1. 

Fig. 1. Normal sod to the left. Infested sod at the right. 

These sections or mats are cut into foot square 
and 1 x 2 foot, alternating the length for 
stacking purposes. Larvae of the hunting bill
bug eat the roots and even tunnel into the 
heavier portions of the plant. The tunneling 
and eating of the roots causes the sod to fall 
apart and makes it expensive for the operator 
to handle all of the little scraps. Most nursery
men want the complete sod so it is important 
that it holds together . The nature of the dam
age is best shown in the Fig. 2. 

DESCRIPTION OF THE HUNTING BrLLBUC 

This species ranges from Maine to Florida 
along the eastern seaboard. It prefers lowland. 
The color of the fully developed billbug is 

• o et. Rose E . Warne r and W . H . Anderson (U. S. 
D. A., BeitSYille, Md ,) 

black. The adults varv in size from 6 to 11 
mm. in length , Fig. 3: 

The egg is pearly white and rounded at 
each end (2). 

The mature larvae, about 13 mm . in length , 
has a white body with a head more red than 
yellow in color. It is a typical curculionidae in 
body conformation in that the body is thicker 
in the middle than at either end, Fig. 3. 

The pupa is a light tan to reddish color, 
Fig. 3 . The size is from 8 to 13 mm, in length. 

The egg is laid in the leaf sheath of the 
zoysia or top of the crown. From 3 to 10 
days are spent in the egg stage. The hatching 
larvae feed upon the inner leaves as they work 
their way down in to the roots. Some larvae 
have been found at a depth of 8 inches ( may 
have been driven down by insecticide appli-



Fig-. 3. L n rv a , pc1pa and adult of th e hunting hilllrng. 

L'.tlirn1 ) .. -\s nia11\ as 7:2 la1T,w pn s,111.11·, · lot>l 
\\ '( 'IT fou11d rn1 thi ., i11h ·station altho11!!h till' 
a\'crage \\·a, bet\\'CC' II l0-1.J. As ft'l·di11g prn
gn·sscs patches of .t:rass turn brm,·11 aml 111a, 
die clue to the roots IH'ing cut off h, till' IC'C'd
ing larvae. Larvae movC' around lrel'h- in thC' 
soil going From pla11t to plant i11 svarch of lo<HI. 
Aftl'r .'3 to .j ,,-eeks of frc·dint: th e lan·ac· mak,·, 
its pupal cell in tlw plant o r ncarll\ , oil ll\ 
packing shre clclecl pla11t tissul' in thl' c·11( I, o f 
tlw ("XCa\'ation or in tlH · ,oil. Tlw pupal pc ·riod 
is From :1 to 7 cLt,·, . 

Till' "''" ,·111LT\.'.t'd ,,clult IH'dil' has a red or 
111"]1tJ\_'.a11\ ·-co lorccl lwa cl a11d thorax and a gra:, 
to !_!ra, i, h lm"'n hrnh- . t11rni11J.: blacl as it 
gds ol;IC'r. Tlw ne\\'h- ~' llH 'H(<'cl beetle n ·mains 
in till' soil tlnc··c· or 1;10n· cl;1, ·s b e fore burrow
ing its ,, ·a , · 11p to th e surfau··. The life span ol 
till' ad1dt is 1111k11mrn . Adults i11 captivity rnrc
h- Ii , ,. lw, one! tlw sc c01HI da\·. Beetle s ,m· 
,··,1lill'rahlc· · to ,lltacks from hirils. 

Co,,trnl of th<' p e st should lie fairlv <:·asv 
" ·lw11 till' illfrstation is light a11cl there is no 
partic ular r11sh for tiw sod. Hmn·ver, this i11-
fes tati011 .111d otlwrs at diffl'n·11t localities oc·
l' lllTt 'd ,, 11, ·11 cn°n· OIH' ,, ·as rnshed to fill 
ol'(krs. C :011111w1-ciai spra~· machines co11lcl not 
or clid not p11t out a , ·oluuw of spray suffieie11t 
to kill tlu • i11sccts. Good , vigorous g rowi11g 
zm ·sia has a thick strn11.t: mat of foliage :tncl a 
thi l' k('I' mat (Jr mots , , ·hich is diHicult,to pem·
tratt• \\ilh a11, · spra,·. For this n •ason pract icalh
a ll of tlw t·o1itrnl m eas11r!'s ust·d \\·ere u11satis
fa c:tm,·. To, aphl'11P, parathio11, chlorcla,w and 
cli1-•ldri11 \\ .t ' I'( ' appli t> d in th<' l'm11lsion form and 
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gave some control but, not the complete con
trol that the nurserymen demanded. The sod 
was salvaged from these heavily infested areas 
but had to be sold as washed sod because the 
insects had chewed the roots so badly that the 
sod fell apart. It was evident that a drench was 
necessary to penetrate the sod with an insecti
cide to kill out this heavy infestation. An area 
of younger grass not ready for market but also 
heavily infested was treated with 6 pounds of 
active parathion and 12 pounds of active 
chlordane to the acre, using 4800 gallons of 
water ( equivalent of 0.2 inch rainfall) to soak 
it down. The applicator was an 800 gallon 
capacity water tank with pump attached to 
give 30 pounds pressure. The dosage was 1 
qt. of 4 pound emulsible parathion and 1 qt. 
of 8 pound emulsible chlordane per 800 gal
lon tank. Within 24 hours kills were noted and 
within 48 hours little movement could be de
tected in any size of larvae. No reinfestation 

occurred. Once the infestation was killed out 
and under control, it is now a regular practice 
to spray the nursery acreage every 30 days 
with 6 pounds active chlordane emulsible 
formulation to 100 gallons of water per acre. 
There have not been anv insects observed to 
date. ' 

SUMMARY 

The hunting billbug can become a serious 
pest in zoysia nurseries. Drastic control meas
ures are necessary if the infestations are as 
heavy as mentioned in this case. Ordinarily 
spraying with chlordane emulsion at 6 pounds 
active per acre should control this pest. 
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NECROLOGY 
CARL F. LADEBURG 

Horticulture lost a true friend and scientist 
in the death of Carl F. Ladeburg October 16, 
1956 at Veteran's Hospital, Coral Gables, 
Florida. 

Not only was he responsible for many de
velopments in the pesticide field within his 
own firm, but this interest, knowledge, and 
thoroughness extended to many related prob
lems of technical and practical nature in a 
wide range of crops and enterprises. 

Carl Ladeburg was an outstanding industry 
representative in systematizing and enumer
ating pesticide developments, particularly 
since and during World War II, including 
valuable contributions to such endeavors as 
the first "Handbook on Pesticides and their 
Uses in Florida." 

At the time of his death, he worked closely 
with many agencies on such factors as pesti
cide residue, tolerances, laws and usages. All 
of his efforts were marked by carefully de
tailed work in the interest of the industry 
which he so ably represented. 

Carl Ladeburg was born November 26, 
1897 in Magdeburg, Germany and attended 
schools in that country. On coming to the 
United States he did post graduate work at 
the University at Los Angeles. He was then 
employed by the firm of McLaughlin, Gorme
ly & King, Inc., Minneapolis. Later in_ March, 
1940 he came to Florida on the staff of the 
Kilgore Seed Company as an entomologist, 
and subsequently became manager of the In
secticide Division of that firm. 

His service record includes the U. S. Army 
from July 18, 1942 to March 6, 1943 at which 
time he returned to his position with the Kil
gore Seed Company. He served in the Coast 
Guard Reserve and was honorably discharged. 

Carl Ladeburg was an enthusiastic fisher
man, accomplished amateur astronomer, and 
an active member of the following organiza
tions and professional societies: American Le
gion, American Cancer Society, The Soil 
Science Society of Florida, The Manufactur
ing Chemists Association, Inc., Association of 
Food & Drug Officials of the United States, 
The Florida Entomological Society, The 
American Chemical Society, The Entomologi-

cal Society of America, The National Agricul
tural Chemicals Association, The Florida Agri
cultural Research Institute, The Florida State 
Horticultural Society, The Florida Turf As
sociation. 

JAMES E. HENDRY, JR. 

James E. Hendry, Jr., was fatally injured 
in an automobile accident in Fort Myers, on 
November 6. He died in Lee Memorial Hos
pital on November 8, 1955. He never re
gained consciousness after suffering a brain 
injury in a collision on First Street Sunday 
morning between his Everglades Nursery 
pickup truck and a city police car, speeding 
excessively to an emergency call that turned 
out not to be an emergency. 

Mr. Hendry was almost wholly responsible 
for making Fort Myers known as the City of 
Palms and he won world acclaim for his hy
brid Bougainvillea. He also was the first man 
in Florida to graft gardenias on a root knot 
resistant understock, which made it possible for 
every gardener in Florida to have a gardenia 
in their yard. He won the "Johnny Apple
seed" award presented by the Men's Garden 
Club of America last April at their annual 
convention held in Houston, Texas. He was 
the first man to receive this award that re
ceived his livelihood from plants. Heretofore 
the award had gone only to men who were 
amateur gardeners or horticulturalists. Mr. 
Hendry was truly a "Johnny Appleseed" for 
in all his years as a grower he was always 
planting seeds, of this and that, not thinking 
of his enjoyment but that in the future many 
people would enjoy the fruits of his labor, and 
truly they will for the avenue of Royal Palms 
and all the avenues of palms in Fort Myers 
will be enjoyed by many people for many 
years to come. Mr. Hendry was never too 
busy to help a gardener. One of his last acts 
was to send some royal poinciana seeds to a 
lady in Texas. 

Mr. Hendry was perhaps best known in 
Fort Myers for his tireless efforts towards 
making his town more beautiful from a land
scape standpoint. He was appointed to the 
first park board in 1915 and served as head 
and his last project was the leadership . in 
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planting the Hibiscus Garden which has just 
been finished. 

In 1908 he started the Everglades Nursery, 
which brought him much happiness and 
fame. He devoted his life to his work which 
was his love for plants from this time until 
he died. He was looking for palm seeds on 
the morning of the accident. He gave much of 
his time supervising the care and maintenance 
of the beautiful palms that line the streets 

· of his beloved city. 
A memorial garden is being planned at Lee 

Memorial Hospital because of Mr. Hendry's 
· keen interest in the grounds of the hospital. 
This living memorial garden was started spon
taneously by many of Mr. Hendry's friends 
throughout Florida and the nation. If any
one would be interested in taking part in this 
tribute to Mr. Hendry, make your checks pay
able to James E. Hendry Hospital Garden 
Fund and mail to Mr. Sidney Davis, treasurer, 
P. 0. Box 8, Fort Myers, Florida. Plans for 
the gardens have been completed and will 
be on display in the hospital Reception Room 
and we believe this fund will grow until the 
garden can be built for a living memorial to 
this lover of flowers and benefactor of man
kind. 

Mr. Hendry is survived by his wife, Flor
ence S. Hendry, a son J. E. Hendry, 3rd, a 
daughter, Mrs. Robert H. Linderman, and 
three granddaughters, Susan, Peggy, and Mol
lie Hendry. 

MILTON ALEXANDER CAINE 

New Rochelle, New York 

Milt~n Alexander Caine of New Rochelle, 
New York, died December 25, 1956, at the 
age of 73 in New Rochelle Hospital. 

Mr. Caine was a mining executive and 
engineer and was a director . and executive 
vice-president of the Tennessee Corp., 61 
Broadway, New York City; director and vice
president of the Tennessee Copper Corp.; 
vice-president of the Miami Copper .Co., and 
director of the New Haven Copper Co. 

He was born in Saginaw, Mich.; educated 
in public schools of Lansing and :Midland, 
Mich.; attended Michigan State University, 
and received his mining engineer's degree 
from the Michigan College of Mines. 

Mr. Caine was a member of the American 
Institute of Mining and Metallurgical Engi-

neers, the Bankers Club of America and the 
Wykagyl Country Club of New Rochelle. He 
was an elder of the North Ave. Presbyterian 
Church of New Rochelle. 

HARRY HAMLETT CONSTANTINE 

Clearwater, Florida 
Harry Hamlett Constantine, 70, one of the 

early pioneers in Florida gladiolus growing 
and a resident of Clearwater for the past 47 
vears, died October 20, 1956 in Asheville, N. C. 
· Mr. Constantine had been in the gladiolus 
growing business for 23 years, coming here 
from Oxford, Ala. He was also a citrus grow
er and was with the firm of Constantine 
Farms, Inc. He was a vice-president and a 
director of the Bank of Clearwater for a num
ber of years and a member of the Rotary 
Club, a member of the Clearwater Yacht 
Club, a member of the First Methodist 
Church and was active in the Chamber of 
Commerce in earlier years. 

He attended Alabama Polytechnical College 
at Auburn, and was a member of Phi Kappa 
Alpha social fraternity. 

WALTER NATHAN PIKE 

New Port Richey, Florida 
Walter .Nathan Pike, 90, pioneer citrus 

grower of Pasco County, died July 13, 1956 
at his home in New Port Richey where he 
was a resident for the past 12 years. 

Previously he had been a resident of the 
Blanton community where he came in 1887 
from Floral Park, N. Y. 

With the late W. J. Ellsworth, he estab
lished Jessamine Gardens giving Pasco County 
its first commercial horticulture of flowers and 
its first greenhouses. Mr. Pike's interest in this 
industry stemmed from his long editorship of 
"The Mayflower," the horticultural magazine 
of John Lewis Childs, nationally known florist 
of Floral Park. 

When the partners later converted their 
floral gardens into citrus groves their property 
became known as Jessamine Groves and a 
landmark in this section. Following dissolving 
of the partnership in 1937, Mr. Pike sold his 
interest in the groves to Mr. Ellsworth, and 
they are now owned by Dr. P. Phillips and 
Sons. 

Mr. Pike was a native of North Carmel, 
Maine, where he was born September 26, 
1862. 
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REPORT OF EXECUTIVE COMMITTEE 

F'our mee tings of the Executive Committee of the 
Society were held during 1956, with President R. A. 
Carlton presiding as Cha irman. 

On January 12, 1956 in \Vinter H aven with 13 mem
bers present : 

It was mo ved and carried th at sectional abstracts 
be continued as a means of evaluating papers 
and aiding in publicity. It was felt that the 
preparation of abstracts should be the re
sponsibilit.y of the Vice-Presidents, the cost 
being charge d to the Societ y where neceS
sary . 

It was moved and carried that all members in 
attendance. regardless of classi!ication, 
should pay the reg istration fee. Gues t speak
ers would be exempt along with those voted 
exemption by the Executive Committee on 
J anua ry 6, 1955. 

The report on the s ectional vo ting durin g the 
195 5 Annual Meeting indica ted all section• 

• to be in favor of holding the annual m eeting 
in the fall rather than in the spring. 

Due to the slow progres s being made in compil
in g the 30-year Index since its inception in 
J a nuary 1954, the Secretary was ins tructed 
to tern1inate the agreement then · in force 
and make other arrangements to complete 
the indexing with whateve r assistance might 
be necessary. 

The Virology Fellowship, as e s tablished by the 
Soc;ety at its 68th Annual Meeting in Clear
water on November 2, 1955, has been 
awarded to Robert Bozarth of the University 
of Florida. 

Following a survey report from the President 
and Secretary. it was moved and carried 
that the 69th Annual Meeting of the Society 
be held in Orla ndo at the Angebilt and San 
,Jua n Hotels, November 7-9, 1956. 

On May 22 , 1956 in Wint e r Haven with 13 members 
present: 

The Publication Committee r eported that due to 
ine'onsistencies a nd incomplete abstracting, it 
was necessary to re-index the 22 volumes of 
the Proceedings completed as of F ebruary 
1956. It was moved and carried that the 
authorship of the Index be anonym ous and 
that the contrac t for printing 600 copies be 
awa rded Tl,e Br a denton Herald as the low 
bidder. The Index will sell for $3.00 pe r copy, 
but all orders placed prior to the 1966 An
nual Meeting will be filled at $2 .00 per 
copy. 

A request was cons idered from the Citrus Pack
ing-House Managers for the organization of 
a six th section of the Society to dea l with 
packing-house problems. Following a meet
ing of a special committee from the Society 
with representa tives of the Citrus P a cking
House Manager s , it was decided to devote 
one session of the Processing Section pro
gram to papers dealing with packing.house 
problems. 

·on October S, 1956 in Orlando with the full Execu
tive Committee pres ent: 

The Secretary reported that the 30-year Index 
- had been received and all prepublication 

order s had been filled. 

It was moved and carried that an annual index 
be prepared for each volume of the Pro
ceedings beginning with V ol. 69, 1956 . 

Three members of the Society were designated 
by more than a two-thirds vote as Honorary 
Members. They were Dr. A. F. Camp, Mr. 
H . G. Clayton and Mr. Lloyd S. Tenny. 

It w as moved and carried th at affiliation with 
the Society ca n only be on an individual 
membership bas is and not on a group basis. 

It was re ~emphasized that s in ce the Society is a 
non-profit orgao iza-t.ion, it is necess ary to 
charge a regis tration fee to defray the ex
pens es of the Annual Meetings. 

The Nominating Committee as suggested by the 
sectional Vice Presidents was accepted by 
th e President. 

On November 7, 1956 in Orlando with 14 members 
present: 

The Virology Fellows hip established by the So
ciety at the University of Florida has been 
renewed for the second year. 

The Publication Committee was authorized to 
a ward the contract for Printing the 1956 
Proceedings to the Stuart Daily News, Inc. 

The m embership as of November 6, 1956 was 
1,299, an increase of 23 % o ver that recorded 
November 1, 19 55. 

Res pectfully submitted, 

• 
Ernest L. Spencer, 

Secretary 

GENERAL BUSINESS MEETING 

Orlando, Florida 

November 7, 1956 

The meeting was ca lled to order at 4 :15 P: M. by 
President R. A. Carlton. 

The report of the Treasurer, R. R. Reed, as 
printed elsewhere in the Proceedings, was approved 
as read. 

The report of the Executive Committee Meetings 
by Dr. Ernest L. Spencer, Secretary, was approved 
a s read. 

Mr. Frank M. O'Ilyrne enumera ted the m embers 
who had passed away during 1956. 

The resolutions a s listed elsewhere in these 
Proceedings were accepted as read by Dr. Roy A. 
Bair. Chairman of the Res olutions Committee. 

Mr. George H. W edg worth r eported on the ac
tivities of the Florida Agricultural Council. 

The r eport of the Membership Committee, as 
m a d by Mr. George M. Talbot, showed that 85 new 
members had joined the Society during the course of 
the 69th Annu a l Meeting . The m e mber s hip now num
bers 1,384. 

The report of th e Nominating Committee was 
presented by Mr. Cliff Sutton. The nominees as 
lis ted at the front of these Proceedings were unani• 
mously elected. 

The official registration at the start of the 
Bus iness Meeting was 633. 

The m eeting was adjourned at 5 :00 P. M. 

• 
RESOLUTIONS 

RESOLVED, that the Florida State Horticultural 
Society express apprecia tion to the United States De
partment of Agriculture, the University of Florida 
Agricultural Experiment Stations and the Extension 
Service, and the University of Miami for their out
standing contributions during the year to Florida 
Horticulture covering many important advances in 
the nutrition of citrus. vegetables and ornamentals, 
the control of plant diseases and insect pests, the 
breeding and testing of new varieties adapted to 
Florida growing conditions , and processing refine
ments with tropical and sub-tropica l fruits . 

RESOLVED, that the Florida State Horticultural 
Society express appreciation and thanks to the City 
of Orlando, to Joel L. Moore, Director of the Conven
ti on Burea u of Orlando and his as sistants, and to 
the Angebilt and San Jua n Hote ls for their coopera
tion and efforts in making this meeting successful. 
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RESOLUTION 

WHEREAS, the s ixty-ninth Annual Meeting of 
t he Florida State H orticultural Society has been one 
of the m ost successful meetings in the his tory of 
the Societ y, and 

WHEREAS, this success h a s been la r g ely due 
to the splendid efforts of the Officers, Executive 
Committee and othe r s in the pla nning of this meet
ing and in the affairs of the Society during the past 
year: 

THEREFORE BE IT RESOLVED by the F'lorida 
State H orticultural Society that it express its sincere 
appreciation and gratit ude to: 

1. Pres ident R. A. Carlton , Vice Pres idents C. 
A. Root, Roy 0 . Nel s on, Louis F. Rauth, Dr. 

• 

T . J. Sheeh a n and Dr. R . D. Gerwe, Secre• 
-tat·y Dr. Ernest L. Spencer. Treas urer R. R . 
R eed, Publica tion Secretary Ralph P . Thomp• 
s on and Editing Secre t a ry W. L . Tait, and 

2. Howard A. Thullbery, Fra nk L. Holland, Dr. 
F. S. Jamison, J. Arthur Lewis and E. S. 
Reasoner, m embers at large of the Execu~ 
tive Committee, and 

3. George M . T a lbott. Ch a irman of t he Local 
Arrangements Comm.ittee and m embers of 
his committee, Dr. Frank E. Ga rdner, Dr. 
Philip J. Westgate, J. Claude Epting and 
Cliff Sutton; and M rs. Frank E . Gardner, 
Mrs . Al. H . Whitmore and Mrs. Cliff Sutton 
of the Ladies Committ ee . 

FLORIDA STATE HORTICULTURAL SOCIETY 

TREASURER'S REPORT 

STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 

NOVEMBER s. 1956 

RECEIPTS: 
Cash on Hand January 1, 195 6 
Membership Fees: 

Annual-1966 
Annual-1956 
Annual-1957 
Sustaining-1955 
Sus taining-1956 

Total Membership Fees 
lndex, Reprints , Proceedings 

and Misce1laneous 
Total Receipts 

Tota l to be Accounted for 

DISBURSEMENTS: 
Virolo.gy Fellowship (2d year) 
Proceedings and Reprints-1955 
Index 
Indexing Proceedings (Helen Cubberly 

Ellerbe) 
Typing Manuscript for Index 

( Mrs. Elis abeth Sievers) 
Florida Agricultural Council-Dues 
Convention-1955 
Convention-1956 
Stationery, Printing & Postage-1956 
Miscellaneous-1965 
Miscellaneous-1956 

Total Disbursements 

$ 103,60 
3,479.20 

43.00 
20.00 

420.00 

U,800.00 
4,738.26 

737.75 

330.00 

90.00 
50.00 
38.00 

141.22 
241.82 

76.00 
87.47 

$4 ,065 .80 

2,073.36 

CASH IN PENINSULA STATE BANK OF TAMPA, NOVEMBER 6, 19 56 

Respectfully s ubmitted, 

R.R. REED 
Treasurer 

$4, 783 .oS 

6,189.16 

$10,922 .H 

8,329.52 

$ 2,593.22 
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LIST OF MEMBERS 

HONORARY MEMBE~S 

Brown. A. C .• 2700 N.W. 4th Place, Gainesville 

Camp, Dr. A. F., Citrus Experiment Station, Lake 
Alfred 

Clayton, H. G., Agricultural Extension Service, Uni
versity of Florida, Gainesville 

Fifield, Willard M., Provost for Agriculture, Univer-
sity of ~'lorida, Gainesville 

Ha·stin.gs, H. G., 16 W. Mitchell St., Atlanta, Ga. 
Hendricksen, Dr. H. C., Box 1045, Eustis • 
Holland, Spessard L., Bartow 
Hoyt, Dr. Avery S., Ilureau of Entomology & Plant 

Quarantine, USDA, Washington, D. C. 

Hume, Dr. H. Harold, University of Florida, Gaines
ville 

Mayo, Nathan, Commissioner of Agriculture, State 
House, Tallahassee 

Mowry, Dr. Harold. Consulting Director, Foreign 
Agricultural Service, U. S. Dept. of Agricul
ture, San Jose, Costa Rica 

Peterson, Hon. J. Hardin, Lakeland 
Reitz, Dr. J. Wayne, President, University or Florida, 

Gaines ville 
Robinson, Dr. T. Ralph, Terra Ceia 
Tenny, Lloyd S., 714 Oakland St., Hendersonville, 

N. C. 
Yothers, W . W., 457 Boone St., Orlando 

LIFE MEMBERS 

Albertson Public Library, Orlando 
Andrews, C. W., John Crerar Library, Chicago, Ill. 
Barber, C. F., Macclenny 
Bouis, Clarence G., Box 4 3 8. Lees burg 
Bringham, M. S., Micco 
Bullard, Henry F'., Bullard & Sprott, Lake Wales 
Carnegie, Mrs. T. M., Fernandina 
Champlain, A. E., R. 3, Palmetto 
Chidester, D. D., 446 Painter Ave., Whittier, Calif. 
Cook. R. F., Leesburg 
Dunedin Public Library, Dunedin 
Ellsworth, Wilma J. (Miss), Box 722, Dade City 
Guest, Mrs. Amy, N. Ocean Illvd., Palm Beach 
Hastings, H. G., 16 W. Mitchell St., Atlante., Ga. 
Hendricksen, Dr. H . ·C., Box 1045, Eustis 
Hernandez, Pedro. 108 Cienfuegos, San Fernando, 

Cuba 
Hollingsworth, G. S., Arcadia 
Hume, Dr. H. Harold, University of Florida, Gaines-

ville 
Iowa State College Library, Ames, Iowa 
Jacocks, A. J., Winter Haven 
Lassen, H. C., Rt. 1, Box 445, Montecito Heights, 

Los Gatos, Calif. 
Leonard, George V., Hastings 
Mathews, E. L., Plymouth 
McCarty, B. K., R. I, Box 192 (Eldred), Ft. Pierce 
McCarty, Mrs. C. T., R. 1, Box 192 (Eldred) Ft. 

Pierce 

Michael, A. B., Wabasso 
Montgomery, Mrs. Robert H., Coconut Grove 
Morrell, Albert, 133 E. Copeland Dr., Orlando 
Mountain Lake Corporation. Lake Wales 
O'Byrne, Frank M., 12 Lakeshore, Lake Wales 
Oliverbaum, J. E., Clermont 
Phillips, Howard, Dr. P. Phillips Co., Box 37 53, Or-

lando 
Phipps, H. C., N. Ocean Blvd., Palm Beach 
Phipps, John S., N. Ocean Blvd., Palm Beach 
Plymouth Citrus Growers Assn., Plymouth 
Preston, Walter L., Manatee Fruit Co., 1st National 

Bank Bldg., Tampa 2 
Prosser, Lew, Plant City 
Reasoner, N. A., 2433 6th Ave . . W., Bradenton 
Rohde, H .. Sebring 
Sellards, Dr. E. H., State Geologist, Austin, Texas 
Sevil, Mrs. Sara L., 18 Avelon I-1., Ft. Myers 
Sloan, G. Dexter, Superior Fert. & Chem. Co., Box 

1021, Tampa 
Taber, Mrs. George L., Glen St. Marys 
Taylor, J. S., Largo 
Todd, E. G., Avon Park 
Towns, Thomas R., Holguin, Cuba 
Von Borowsky, Miss Liza, Brooksville 
Wilson & Toomer Fertilizer Co., Box 4459, Jackson

ville 
Wirt, E. L. Sr., Box 144, Babson Park 
Yother•, W. W ., 457 Boone St., Orlando 

SUSTAINING MEMBERS 

Adams Packing Assn., Inc. , Box 37, Auburndale 
Babb, Herbert A., The Gulf Fertilizer Co., Umatilla 
Barber. Bascom D., Wilson & Toomer Fertilizer Co., 

Box 685, Clearwater 
Bellinger, B. W .. Tennessee Corp., Room 1824, 61 

Broadway, New York 6, N , Y. 
Bland, W. T., Lake Jem 
Bornstein, Julian J., 820 W. Harvard, Orlando 
Brooks, J. R., Box 36, Homestea d 
Burpee Co., W. Atlee, Sanford 
Burrichter, A., P. 0. Box 42, Homestead 
,California Packing Corp., P. 0. Box 5568 .. Tampa 
Campbell Farms Co., Jno. W., Goulds 
Charles, Wilbur, Box 323, Winter Haven 
Chase, Randall, Sanford 
Clark, E. D., Associated Seed Growers, Inc., 202 Wal-

caid Illdg., Bradenton 
Clark, John D., Waverly 
Clark Fruit Co., W. H., P. 0. Box 2520, Jacksonville 
Clearwater Growers .Assn., Clearwater 
Collins Feed & Supply Co., 94 07 W. Railroad Ave., 

Miami 38 
Cooper, R. K., Florence Citrus Growers Assn., Flor-

ence Villa 
Deerfield Groves Co., Wabasso 
DiGiorgio Fruit Corp ., Box 780 , Winter H a ven 
Dixie Lime Products Co., Ocala 
Do)cito Quarry Co., 2118 1st Ave., N., Birmingham. 

Ala. 

· Dolomite Products, Inc., Ocala 
Duda, Jr., Andrew, A. Duda & Sons, Inc., Oviedo 
Dundee Citrus Growers Assn., Dundee 
Dye, Alfred M., Everglades F'ertilizer Co., Box 82 I, 

Ft. Lauderdale 
Dye, Jr., Jno. B., Everglades Fertilizer Co., Ft. Lau-

derdale 
Edsall, R. S., 1828 28th Ave., Vero Beach 
Estes, Alfred S., Box 938, Winter Haven 
Fla. Agricultural Research Institute, Box 392, Winter 

Haven 
Fla. Citrus Exchange, .Box 2349, Tampa 
Fla. Dolomite Co., Pembroke 
Fla. Farm Bureau Federation, P . 0. Box 416, Winter 

Park · , 
Florida Flower Assn., Inc., P. 0. Box 1268, Bradenton 
Fla. Fruit Co., P. 0. Box 438, Leesburg 
Fla. Fruit & Vegetable Assn., P. 0. Box 6787, Orlando 
Fla. Grower & Rancher Magazine, Tampa 
Fla. Seed & Feed Co. , Ocala 
Fortner, J. Leroy, Superior Fertilizer & Chemical Co .• 

P. o: Box 1021, Tampa 1 
Futch, A. E., The Gulf Fertilizer Co., Box 128', Avon 

Park 
Gainesville Garden Club, Mrs. George Lee Crutcher, 

, 2254 N. W . 3d Place, Ga inesville 
Goggans, R. P. , Di s trict Sales M gr., American Cyana

mid Co .. Brewster 
Graves. J. R., Vero Beach 
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G,ec:i, Jed, The Gulf Fertilizer Co., P. 0. Box 2721, 
Tampa 1 

Griffit!,s, Dr. J. T., Eloise Groves Assn., P. 0. Box 
1312. Winter Haven 

Guest, M,s. Amy, 465 E. 57th St., New York 22, N. Y. 
Haines City Citrus Growe1·s Assn., Haines City 
Eaines City Heights, Inc., Haines City 
Hancock, \V. R., Superior Fertilizer & Chemical Co., 

P. 0. Box 1021, Tampa 1 
Harding, H. T., Secretary, Winter Park Land Co., 

Box 195, Winter Park 
Hasley, Walter F., Owl Creek Groves, P. 0. Box 1503, 

Ft. Myers 
Hawkins, Howard, Box 140, St. Augustine 
Hearn, F. L., The Gulf Fertilizer Co., Box 587, Braden-

ton 
Hector Supply Co .. Box 1311, Miami 
Heller Bros. Pkg. Co., P. 0. Box 249, Winter Garden 
Hicks, Wallace B., Wilson & Toomer Fertilizer Co., 

P. 0. Drawer 4459, Jacksonville 1 
Hinson, Alvin H., Box 868, Plant City 
Hodnett Groves, Drawer 351, Winter Haven 
Hogs!:ead, Raymond C., P. 0. Box 521, N. Miami 
Holland, Frank L., Box 392, Winter Haven 
Holtsberg, Bertha, Rt. 3, Box 447, Ft. Pierce 
Hunt, D. A., Hunt Bros, Inc., Lake Wales 
Hussey, John B., Southern Mill Creek Prod. Co. Inc., 

4602 N. Dale Mabry, Tampa 3 
International Minerals & Chemical Corp., Plant Food 

Division, P. 0. Box 2567. Mulberry 
Jamison, J. R., Deerfield Groves Co., Wabasso 
Kime, Jr., C. D .. \Vaverly Growers Cooperative, Waver

ly 
Kinard, R. R., The Gulf Fertilizer Co., Box 607, 

Homestead 
Kincaid, L. H., Box 1077, Ft. Pierce 
King, Battey, Box 482, Naples 
Kirtley, A. G., P. 0. Box 1112, Winter Haven 
Klemm & Son, A. M., Winter Haven 
Lake Garfield Nurseries Co., P. 0. Box 154, Bartow 
Lins, E. W., Atr::.erican National Foods, Inc., Box 

1302, Ft. Pierce 
Little. C. S., Superior Fertilizer & Chemical Co., 

P. 0. Box 1021, Tampa 1 
Lockett. Norwood A., Fla. Foremost Fertilizer Co., 

Leesburg 
Long, Wallace T., Superior Fertilizer & Chemical Co., 

Box 507, Ft. Pierce 
Lucas, Glen H., Peninsular Fertilizer Works, Box 

11308, Produce Station, Tampa 10 
McLain, L. Rogers, The Gulf Fertilizer Co., P. 0. Box 

2721, Tampa 1 
McLane, W. F'., Lyons Fertilizer Co., P. 0. Box 310, 

Tampa 1 · 
Mcsweeney, W. M.. The Gulf Fertilizer Co., P. 0. 

Box 2721, Tampa 1 
Manatee Fruit Co., P. 0. Box lG0, Palmetto 
Marico, Inc·., Box 494, Ocala 
Marrs, G. F., Superior Fertilizer & Chemical Co., 

P. 0. Box 1021, Tampa 1 
Mathews, E. L., Plymouth 
Mathieson Chemical Corp., Olin, P. O. Box G53, Or

lando 
Maxwell, Lewis, Jackson Grain Co., P. O. Box 1290, 

Tampa 1 
Michael, A. B., Deerfield Groves Co., Wabasso 
Minute Maid Groves Corporation, Plymouth 
Morrison, Allan E., U. S. Phosphoric Products Div., 

Tennessee Corp., P. 0. Box 3269, Tampa 1 
Mount Dora Growers Cooperative, Mount Dora 
"Na Churs" Plant Food Co., P. 0. Box 1115, Winter 

Garden 
Nicholson, Donald J., Royal Purple Citrus Research 

Nursery, 1224 Palmer St., Orlando 
Oakley, L. C., U. S. Phosphoric Products Div. Ten

nessee Corp., P. 0. Box 3269, Tampa 1 
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Gunn, W a tts, Chilean Nitrate Sales Corp., 901 Rhodes

H averty Bldg .. Atlanta, Ga. 
Guzman, Victor L., Everglades Experiment Sta .. Belle 

Glade 
Hae, Dr. Lucile, P. 0. Box 2327, Dixie Land Sta., 

L akeland 
Halco Products, Inc., P. 0. Box 7538, Orlando 
Hale, Roger H., Rt. 1, Palmetto 
Hall, C, B., Fla. Agri .. Exp. Sta., Gainesville 
Hallam, T . B., Citrus Experiment Station, Lake Alfred 
Halsey , L. H ., Fla. Agri. Exp. Sta., Gainesville 
Hamilton, Mrs, H. F., 1460 Sunset Dr., Winter Park 
Hammette, G. W., P. 0. Box 326, Orlando 
Hammond, Luther C., Soils Dept., University of Fla., 

Gainesville 
Hamrick, David 0., 3106 16th Ave .. W., Bradenton 
Hand, John 0., 104 W. Amelia, Orlando 
Hanks , Robert W., Citrus Experiment Station, Lah 

Alfred 
Hansbrough, J. H., Box 1531, Tam pa 

Harding, Dr. Paul L., USDA-Agricultural Marketing 
Service, 2120 Camden Road, Orlando 

Hardman, L. E .. 2518 Sunset Dr., Tampa 
Hardwick, Jr .. J. E., 400 27th St., West Palm Beach 
Harknes s, R. W ., Sub-Tropical Experiment Sta. , 

Homestead 
Harland, III, '\\Tm . , Growers FertiJizer Coop ., Winter 

Haven 
Hari,er , Frank W., P. 0, Box 692, Kendall . 
Harrell, Joe W., 1488 Avon Ave ., S. W., Atlanta, Ga. 
Harris, Jr., Emmett D., P. 0. Box 37, Belle Glade 
Harris, John F., Rt. 1, Box 57A, Dade City 
Hart, W. C., Clermont 
Hartt & Son, Inc., P. 0. Box 308, Avon Park 
Hatcher, W. L., Asst. County Agt., Court House, 

Tampa 
Hayman, W. Paul. P. 0. Box 711, Bartow 
Hayslip, Norman C .. Box 507, Ft. Pierce 
Hearne, A. G., 660 Whitmore Rd., Apt. 406, Detroit 

3, Michigan 
Heinlein, Mr. & Mrs . Herman C., Rt. 2, Box 92 , 

Homestead 
Hemenway, Alan, Mo untain Lake Corp., 200 7th Sl., 

N . E., Winte r Haven 
Henderson, Carl E., Box 20, F'erndale 
Hendric•kson, R., Citrus Experiment Station, Lake 

Alfred 
Henry, Arthur M., 1177 Zimmer Dr., N. E., Atlanta,-Ga. 
Henry, W. M., Seaboard Air Line Railroad Co., Plant 

City 
Herlong, Byron E., Leesburg 
Herring, J . Kenneth, Atlantic Coast Line Railroad Co .. 

Gainesville 
Herring, R. K., 3004 Ridgeway Ave., West Palm 

Beach 
Hill, Boyd H., P. 0. Box 2842, St. Petersburg 
Hodgdon, Edward N., 699 N. Verona Ave., Avon Park 
Hogan, G. B., 215 N. E. 15th Ave., Pompano 
Hogan, .W . D .. 1027 Nottingham Ave., Orlando 
Hogg, B., Rt. 2, Box 12, Winter Haven 
Holcomb, Jr., E. D ., Growers Fertilizer Coop., Box 

328, Lake Alfred 
Holden, B. Heath, Rt. 2, Box 486, Homestead 
Holden, Kenneth R., Chemagro Corporation, P. 0. Box 

6756, Orlando 
Holiday, J. Rex, Speed Sprayer Plant, Jno. Bean Div., 

P. 0. Box 3546, Orlando 
Holland, H. H., Box 1964, Ft. Myers 
Holtsberg, Harold I., 132 N. 12th St., Ft. Pierce 
Holzcker, Richard, Haines City 
Hoover, M. W., University of Fla., Veg. Products 

Laboratory, Gainesville 
Hopkins, E. F., Citrus Experiment Station, Lake Alfred 
Hopkins , Robt. M., 3614 Lightner Dr., Tampa 
Howard Fertilizer Co., P. 0. Box 3028, Orlando 
Howard, Frank L ., Box 996, W inter Haven 
Howard, Julian D., Howard Fertilizer Co., 60 S. E. 

Marks, Orlando 
Howell, Morton, Pasco Packing Co., Dade City 
Howlett, Freeman S., 1224 N. Palmer St .. Wooster, 

Ohio 
Hoyt, R. M., 1216 Edgewood Ave., Jacksonville 
Huff, N . V., 140 5 17th St., N. W., Winter Haven 
Huffington, Jesse M., 3800 E. Biddle St .• Baltimore 3, 

Md. 
Huggart, R. L., Fla. Citrus Commission. Lake Alfred 
Hughes Seed Store, 116 S. Miami Ave., Miami 36 
Hundertmark, B. W., U. S. Sugar Corp., Clewis t on 
Hung, Yuan-Ping, 2120 Camden Road, Orlando 
Hunt, Ellis, 434 E. Tillman Ave., Lake Wales 
Hunter, William P., RFD No. 2, Box 61, Alachua 
Hunziker, R. R., 706 Boston Ave., Ft. Pierce 
Hurd, Bill, AFG, 207 Cottage Hill Rd., Orlando 
Husmann, W ., 646 Seminole Dr., Winter Park 
Huston, Tom, 2600 Halisee St., Miami 45 
I gou, H. M., Eustis 
Inherst. Mrs. Avonelle, Bonita Springs 
Ivins, Charles F., Rt. 2, Box 189 -D. Homestead 
Jacobstein, Ben., 2700 N. V{. 2d Ave., Miami 
Jacoway, T. H., 1416 Moseley Ave., Palatka 
J ames , Jr., ·H. T., P. 0. Box 535, Wabasso 
James, Robert .H., Box 635, Dunedin 
Jamison, F. S., Horticultural Dept., Gainesv ille 
Jefferis, Mrs. W. F., 821 Marks St., Orlando 
Jewett, Frances L., 128 S. 5th St., Geneva. Ill. 
John's Plants, Seeds & Bulbs , c/o ' J ohn Masek , 

Apopka 
Johnson, E. C .. Armour Fertilizer ,vorks, Bnrtow 
Johnson , J . Earl. J ohnso n Bros., In~ .• P. 0. Box 61, 

Gainesville 
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Johnson, R. Il., Citrus Experiment Station, Lake Al-
fred 

Johnson, R. S., 1811 Hansen St., Sarasota 
Johnson, Warren 0., Box 1058, Lakeland 
Joiner, Jasper N., Agri. Ext. Service, U. of Fla., 

Gainesville 
Jones, A. It. & E. P., Vero Beach 
Jones, Herman L., Rt. 1, Box 326, Winter Haven 
Jones, H. L., State Plant Board, Gainesville 
Jones, LaRue W., 1305 Lakewood Rd., Lake Wales 
Jones, Ralph F., Wilson & Toomer Fertilizer Co., 

P. 0. Drawer 4459, Jacksonville 
Jorgensen, K. F., Zellwood 
Jorgensen. M. C., P. 0. Box 233, Ruskin 
Kahl, William, P. 0. Box 314, Lake Alfred 
Kaniecki, L. S., Tennessee Corp., P. 0. Box 2205, 

Atlanta, Ga. 
Kaplow, Milton, University of Miami, P. 0. Box 1015, 

S. Miami 43 
Karst, Loyd L., 612 E. Grant, Orlando 
Kasper, Paul E., The Sherwin-Williams Co., P. 0. 

Box 906, Tampa 
Kazaros, Robert S., 920 S. Lake Adair Blvd., Orlanuo 
Keel, Darnell, 8301 S. W. 94th St., S. Miami 43 
Keene, R. D., Winter Garden 
Kelbert, David G. A., Gulf Coast Exp. Sta., Box 2125, 

Manatee Sta., Bradenton 
Kelsheimer, Dr. E. G., Gulf Coast Exp. Sta., Box 2125, 

Manatee Sta., Bradenton 
Kemp, Don M., Box 786, Tavares 
Kempf, Mrs. E. J., King Grove, Eustis 
Kendall, H. E., P. 0. Box 468, Goulds 
Kendrick, W. H., County Agt., County Agri. Center, 

Palmetto 
Kerns, C. B., P. 0. Box 348, Lake Wales 
Kerr, S. H., Dept. of Entomology, U. of Fla., Gaines-

ville 
Kesterson, J. W., Citrus Experiment Sta., Lake Alfred 
Kew, •r. J., 1721 Westchester, Winter Park 
Kilburn, Robert W., Fla. Citrus Canners Coop., Lake 

Wales 
Kilian, Bill, l<'erry-Morse Seed Co., P. 0. Box 5496, 

Tampa 5 
Kilker, Thomas J., Paisley 
Kime, Sr., Charles D., Box 232, Ft. Pierce 
King, John D., P. 0. Box 507, Ft. Pierce 
Kinsey Groves, Rt. 1, Box 394, Winter Haven 
Kinsman, Calvin D., 3315 N. W. 46th St., Miami 42 
Kipp, Alvin, c/o Tom B. Swann. Box 232, Winter 

Haven 
Kirkland, R. 0., 552 Ross Place,· Orlando 
Knapp, Douglas M., 2690 N. W. 7th Ave., Miami 37 
Knight, G. B., Rt. 1, Box 31, Apopka 
Knowlton-Green Properties, 42 Ladoga Ave., Tampa 6 
Knox, Mrs. William C., 649 Isle of Palms, Ft. Lauder-

dale ' 
Koo, Robert C. J .. I'nt. Asst. Biochemist, Citrus Exp. 

Sta., Lake Alfred 
Koski, Joseph T., U.S.D.A., Lake Alfred 
Krome, William H., Box 596, Homestead 
Krome, Mrs. Wm. J .. Box 596, Homestead 
Kuitert, L. C., Agri. Exp. Sta., Univ. of Fla., Gaines .. 

ville 
Kurfiss, Reginald B., Rt. 1, Box 772, Groveland 
Kuta, Benjamin S., 2908 Fairlawn St., S. E., Wash-

ington 21, D. C .. 
Kyle, Curtis H., 1265 Seminole St., Clearwater 
Lacy, Wm. R., 1329 W. Vassar, Orlando 
Ladeburg, C. F., Box 6085, West Palm Beach 
Laishley Farm• Service, c/o P. L. Laishley, Box 908, 

Punta Gorda 
Lake Lowry Nursery, P. 0. B0x 803, Winter Haven 
Lalor, Hugh, P. 0. Box 138, Opa Locka 
Lampkin, Mrs. G. F., Rt. 1, Bradenton 
Landron, Geo. J., Pleasant Acres F·arms, Inc., P. 0. 

Box 1187, S. Miami 
Lane, Mrs. Dave, 234 Tenth St., Haines City 
Lassiter, Jr., R. E., Lyons Fertilizer Co., 1168 Lake

shore Blvd., Lake Wales 
Lawless, W. W., 1645-16th St., N. W., Winter Haven 
Lawrence, Fred P., Agri. Ext. Serv., U. of Fla., 

Gainesville 
Lebanon Chemical Corp., Box 532, Lebanon, Penn. 
Ledin, R. Bruce, 10701 S. W. 69th Ave., Miami 43 
Lee, C. S., Oviedo 
Lee, Jr., W •. E., Tampa Citrus Corp., 1805½-17th 

St., Tampa 5 
Leibovit, Arthur B., Winter Rose Apts., 403 N. Olive 

Ave., W. Palm Beach 
Leide, Rudolph E., P. 0. Box 372, Matteson, Ill. 
Leonard, Chester D., Citrus Exp. Sta., Lake Alfred 

Le\vis, H. F., Terra Ceia 
Lewis, J. Arthur, 7524 S. W. 53d Ave., Miami 
Lewis, L. H., Director. State Farmer's Mkts., Box 

1191, Winter Haven 
Lightfoot, E. N., Rt. 1, Box 620, Lakeland 
Lincoln, F. B., Rt. 2, Box 508, Homestead 
Llewellyn, W. R., 1102 N. Krome Ave., Homestead 
Locke, Charles 0., Southern Dolomite Co., P. ·O. Box 

422, Avon Park 
Logan, J. H., P. 0. Box 540, Clearwater 
Lorz, A. P., Agri. Exp. Sta., Gainesville 
Lucas, Jr,, R. Earle, P. 0. Box 967, Haines City 
Lundberg, Ernest C., Jackson Grain Co., 2609 Har-

gill Dr., Orlando 
Lyerly, Jr., W. A., 1608 Mockingbird Lane, Lakeland 
Lyle, Clifford 0., P. 0. Box 548, Bartow 
Lyle, III, J. I., 4040 Lake Underhill Dr., Orlando 
Lynch, S. John, Rt. 1, Box 185B, Homestead 
McBride, J. N., Seaboard Air· Line Railroad Co., 

Savannah, Ga. 
McCallum, J. B., Hastings 
McClanahan, P. H., Flag Sulphur & Chemical Co., 

Tampa 
McCloud, D. D., 1215 N. W. 14th Ave., Gainesville 
McClung, Lester M., The Gulf Fertilizer Co., P. 0. 

Box 2721, Tampa 1 
McClure, George G., Box 1033, Apopka 
McColley, Robert, Bamboo Nurseries, Inc., Rt. 2, Box 

156, Orlando 
McConnell, D. F., 711 S. W. 28th Rd., Miami 
McCornack, Andrew, Citrus Experiment Station, Lake 

Alfred 
McCown, Jack T., Agri. Ext. Ser., U. of Fla., Gaines

ville 
McCubbin, E. N., Hastings 
McDiarmid, F. H., 3 E.' New Hampshire Ave., Or

lando 
McDuff, 0. R., Adams Pkg. Assn., Inc., Auburndale 
McElwee, E. W., Fla. Extension Serv., U. of Fla., 

Gainesville 
McFadden, Lorne A., 846 N, W. 1st Ave., Homestead 
DicKinnis, Ronald Il., Brown Citrus Machinery Corp., 

Box 713, Winter Haven 
McMullen, K. S., Dist. Agt., Agri. Ext. Serv., U. of 

Fla., Gainesville 
McNamee, James M., P. O. Box 61, Bartow 
McNeer, F. L., Citrus Properties, Lake Alfred 
McPeck, John K., 500 S. Orange St., Sebring 
McSwiney, Daniel J., 401 S. W. 14th Ave., F't. Lauder-

dale 
Mabry, Paul H., Kilgore Seed Co., West Palm Beach 
Macaulay, Mrs. A. G., 1039-41 Central Ave., St. 

Petersburg 
MacDonald, R. W., Pasco Packing Co., Rt. 1, Box 

102, Dade City 
MacDowell, Louis G., Box 1720, Lakeland 
Mackay, Mrs. R. F. B., Lake Alfred 
MacKay, R. G., P, 0. Box 1011, Ocala 
Maddox, H. C., Avon Park 
Magie, Robert O., 2906 Ninth Ave., W., Bradenton 
Malcolm, J. L., Rt. 2, Box 508, Homestead 
Malone, M. S., 1325 Fulton Natl. Bank Bldg., Atlanta, 

Ga. 
Manee, H. R., The Kilgore Seed Co., Plant City 
Manzelli, Dr. M. A., Research Dept., Va.-Carolina 

Chemical Corp., P. 0. Box 1136, Richmond 8, 
Va. 

Marsh, A. M., Va.-Caro!ina Chemical Corp., Orlando 
Marshall, James R., American Can Co., Tampa 
Martin, John W., Crescent City 
Martsolf, J. D., Oklawaha 
Mathews, William H., Apshawa Grove, Route 2, 

Clermont 
Mathias, A. C., Haines City Citrus Growers Assn., 

Haines City 
Mathias, A. F., Haines City Citrus Growers Assn., 

Haines City 
Mattson, Rudolph, 1005 S. 12th St., Ft. Pierce 
Maughn, D. B., Calif. Spray Chem. Corp., Box 7067, 

Orlando 
Mauro, Salvatore, 2643 N. W. 22d Court, Miami 
Maxwell & Anderson, San Mateo 
Maxwell, James W., Hercules Powder Co., 134 Peach-

tree St., Atlanta 3, Ga. 
Mayo, Nat, 1306 E. 6th St., Ocala 
Mays, J. Arden, 121 E. Reynolds St., Plant City 
Meadows, Milton V., Nathan Mayo Bldg., Tallahassee 
Meckstroth. Dr. G. A., 2120 Camden Road, Orlando 
Meighen, W. A., Rt. 1, Box 262W, Tampa 
Mell, J. R., Potash Co. of America, 409 Candler Bldg., 

Atlanta, Ga. 
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Menninger, Edwin A., Stua rt 
Men's Garden Club of Mount Dora, Box 464 , Mount 

Dora 
Mercer, M . T., Box 181. Coral Gables 34 
Merrill, W. H .. State Plant Board, Gainesville 
Meyer, E. J., Southern Dolomite Co., Arcadia 
Meyer, W. C., P. 0. Box 515, Weirsdale 
Michael, Joe E., Box 92, P arrish 
Miller, C. E., 2598 Taylor St., San Francisco, Calif. 
Miller, D.K., Island Landscape Co.. 1100 Southern 

Blvd., West Palm Beach 
Miller, Mrs. Edna M. Y ., 7 0 l S. Hyer St., Orlando 
Miller, H. N,. U. of Fla., Dept. of Plant Pathology, 

Gainesville 
Miller, Leon W., Rt. 1. B ox 38, Maitland 
Miller, Ralph L., 701 South Hyer St., Orlando 
Miner, James T. , P. 0 . Box 341, Boynton Beach 
Mitchell, Edward C., Box 67, Mount Dora 
Mitchell, W. G., P. 0. Box 354, Dade City 
Moe, Thomas S., Bullard & Sprott. Inc., 217 E. John-

son Ave. , Lake Wales 
Montelaro, James, 2405 Reading Dr., Orlando 
Mooers, Neal D., Babson Park 
Moore. Edwin L., P. 0. Box 926, Lake Alfred 
Moore. Ewell P., P. 0. Box 267, Clermont 
Moose, John. 1011 S. 12th St., Ft. Pierce 
Morcock, Jr., J. C., Nit. Div .. Allied Chem. & Dye 

Corp., 133 Carnegie Way, N . W., Atlanta 3, Ga. 
Morley, Jack N., MacKay Estates, Lake Alfred 
Morrell, P. C., 1145 Reading Dr., Orlando . 
Morris, Robert N., Agr. Rept .. First Nationa l Bank, 

P. 0. Box 1810, Tampa 1 
Morthland, G. H., P. 0. Box 763, Ocala 
Morton, Julia F'., . Vice-Director, Morton Collectanea, 

Box 305, U . of Miami, Coral Gables 
Morton. Kendal P., University of Miami. S. Miami 
Mcseley, Mrs. Nicholas, 10 83 Hillsboro Beach. Pom

pano Beach 
Mounts, M. U., County Agent, Rt. 3, Box 36- B, 

W es t Palm Beach 
Mr. & Mrs. Garden Club, c /o Mrs . Reed H . Lawson, 

Sec., 1912 Fern Circle, Orlando 
Murdock, Delane, Minute Maid Corp., 2904 North 

wood Blvd., Orlando 
Murphy, J. S., Calif. Spray Chem. Corp., Lake Alfred 
Mustard, Miss Margaret, U. of Miami, Box 1015, S. 

Miami 
Myers, Forrest E., Fla. Agri. Ext. Serv., U. of Fla., 

Gainesville 
Myers, Joseph A., 816 N . Olive Ave., West Palm 

Beach 
Myhre, Donald L., Potato Investigations Laboratory , 

Hastings 
Nabors, C. M., Ashcraft-Wilkinson Co., Wallace S. 

Bldg., Tampa 2 
Nakamura, T., 16525 N. Miami Ave., N. Miami Beach 
Nanz. Robert A., 4284 Shorecrest Drive., Orlando 
Neff, Arthur L., Rte 3, Box 23 I, Sarasota 
Neff, S. Frank, 605 W. Warren. Tampa 
Nelson, D. E., Va.-Carolina Chemical Corp., P . 0. Box 

175, Hialeah 
Nelson . Roy 0., Box 1015, S. Miami 
Nettles, Victor, U. of Fla., Hort. Dept., Gainesville 
Nicholson. Joseph. American Cyana mid Co. , Brewster 
Nikitin, A. A., 900 Roosevelt Highway, College Park, 

Ga. 
Noble, C. V,, 1460 N . Breve St., Gainesville 
Noonari , J. C .• Sub-Tropical Experiment Station, Rt. 

2. Box ,~0 8, Homestead 
Nordmann , George 0., Rt. 2, Box 521, DeLand 
Norman, Gerald G., State Plant Board, Box 41, Win

ter Haven 
Norman, Paul A. , 2021 Camden Road, Orlando 
Norris, Jr. , Dale_ M., Potato Investigations Laboratory, 

Hastings 
Norris, John C., Box 12, Lake Jem 
Norris, R. E. , County Agent, Tavares 
Norton, Joseph D., Dept. of Horticulture. U . of Fla ., 

Gainesvilie 
Nowell, John L., Calif. Spray Chemical Corp., 2807 

Sunglow, Orla ndo 
Oberbacher, Marion, Citrus, Experiment Station, Lake 

Alfred 
O"Brien, Donald J .. Resea rch Dept., American Can 

Co., Tampa 
Oglesby, R. M., 750 Gibbons St., Bartow 
O'Kelley, E. B., 18 Jefferson St., Jacksonville 
Olmsted, Glenn D., 91 Woodland Circle, Minneapolis 

10 , Minnesota 
Or.asch, Paul L .. Arkell Safety Bag Co., Foot of Mar

shall Ave .. Newport News. Va. 

O"Neill , John. American Cyanamid Co., Brewster 
O'Shea. Col. Kevin, 2911 Riverview Blvd., W., Bra<!en

ton 
Overman, Mrs. Amegda J., Gulf Coast Exp. Sta., Box 

2125, Manatee Sta., Bradenton 
Owens , ,v. W., Route 1, Frostproof 
Ozaki, Dr. Henry, Plantation F'ield Lab., 5305 S. W. 

12th St., Ft. Lauderdale 
Palmer. Gordon, Osprey 
Parker, Edward M., 412 Candler Bldg., Atlanta. Ga. 
Parker, Robert W., 311 S. Hampton St., Orlando 
Pasco Farm & Ranch Supply, Box 437, Dade City 
Patrick, Dr. Roger, P. 0. Box 403, Winter Haven 
Patton, Mrs. Bradford L., Route l, Chesterton, Ind. 
Paulet, Joseph L .• P. 0. Box 455, New Port Richey 
Pedersen, W. C., Lake Wales 
Peebles, T. A., Box 877, Vero Beach 
Perkins, B. C., Speed Sprayer Plant, Jno. Bean Div., 

P. 0. Box 3546 , Orlando 
Perry, F. S., Agri. Ext. Serv., U. of Fla. , Gainesville 
Peters , Joh n S. (Jack), Fla. Fruit & Veg. Assn., 4401 

E. Colonial Dr., Orlando 
Peterson, P. D .. Stauffer Chemical Co. , Chauncey, N. Y. 
Phillips, Charles M., 509 N. Highland Ave., Clearwater 
Phillips, R. V., Haines City Citrus Growers Assn., 

Haines City 
Pinckard, J . A ., Shell Chemical Corp., Oviedo 
Pinkerton, David W .• City Point 
Plant City Growers Assn., P. 0. Box 270, Plant City 
Platts , Norman G., Rt. 2, Box 1143, Ft. Pierce 
Platts, N. W., Rt. 2, Box 678, Ft. Pierce 
Plumer, W. S., Pres., Glades Chemical Co., P. 0. Box 

817, Pah<kee 
Popham, Jr .. J. H., Palmer Nurseries, Osprey 
Pcspichal. A. T .. Stauffer Chemical Co., Apopka 
Pou<lher, Charles, State Plant Board, Lake Alfred 
Poucher, J. Lester, 919 Maynard St., Jacksonville 8 
Prange, Edwin , Rt. 2, Box 96, Vero Beach• 
I'rasc han, V. C., Rt. 1, Box 631, Lakeland 
Pratt, J. B., 1419 E. Johns Ave., Haines City 
Pratt, R. M., Citrus Exp. Sta., Lake Alfred 
Prevatt, Rubert W., 111 8 N. W. 4th Ave., Gainesville 
Price, III, W. K., Rt. 1, Box 18A, Okahumpka 
Priebe. 0. J ., Rt. 1, Box 33, Clermont 
Prine, Henry A., Southern Dolomite Co. , P. 0. Box 

427, Bradenton 
Prine, R. H., Box 69, Bradenton 
Pritchett, William L ., 2150 N. W. 2d Ave., Gaines-

ville 
Pryor, Robert S., County Agent, Ft. Lauderdale 
Pulley, George, P. 0. Box 13, Winter Haven 
Rabin. Leonard G., 1017 S. Penn. Ave., Lakeland 
Racine, :F"'. R., Niagara Chem. Div., Box 1709, Jack-

sonville · 
Raoul. Loring, Sarasota 
Rasmussen, Gordon K., USDA, 2120 Camden Road, 

Orlando 
Rauth Farms, Rt. 1, Dox 668-A, Delray ·Beach 
Ravr.dal, Eric, 1345 Spring Lake Drive, Orlando 
Reasoner's Tropical Nurseries, P. 0. Box 828, Brad-

enton 
Reece, Dr. Philip C., USDA, Orlando 
Reed, Clyde T . , 3202 N. Rome. Tampa 7 
Reed , J. Fielding, Southern , Mgr., American Potash 

Institute, Inc., Mortgage -Guarantee Bldg., At
lanta. Ga. 

Reitz, H. J ., Citrus Experiment Sta., Lake Alfred 
Remin g ton. C. L ., Geigy Chemical Corp., P. 0. Box 

653, Orlando 
Rennie, Wayla nd W., 2315 Grubb Rd., 'Wilmington, 

Delaware 
Reuther, Dr. Walter, University of California, River-

side, California 
Rich ards, Jr., B. L. , 7M-49th St., W., Bradenton 
Rieg ler, George M., Rt. 1, Box 937. Lutz 
Ritty, Paul 111. , P. 0. Box 227, Fern Park 
Roberts, A. S .. Box 694, Ocala 
Robinson, H. B., Box 2266, Miami ·13 
Robinson. Sidney L., P. 0. Box 55, Hobe Sound 
Rocker, John L .. Growers Fertilizer Coop., Wauchula 
Rogers, H. S., Box 823, Winter Haven 
Rohwer, G. G., Area Supt., USDA-Pinnt Pest Con

trol, Winter Haven 
Rollins , C. F .• P . 0. Box 981, Clearwater 
Rollins. Richard A.. 372 Winters St., West Palm 

Beach 
Rood, Roy S., Rood Landscape Co., P. 0. Box B-5, 

Jupiter 
Root, C. A., L ykes Btcs., Inc., Winter Garden 
Root. Towner, B., P. 0. Box 272, Winter Park 
Reper, W. F. & L. F .• Box 218, Winter ,Garden 
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Rose, Jim., Southern Nitrogen Co., P. o: Box 246, 
Savannah, Ga. 

Rose, S. A., 821 N. W. 13th St., Gainesville 
Ross, J. H., Oakland 
Rounds, M. B., 224 N. Michigan Ave., Glendora, Calif. 
Rouse, A. H., Citrus Exp. Sta., Lake Alfred 
Roy, W. R., Minute Maid, Plymouth 
Rudolph, Dr., C. C., 768-36th Ave., N., St. Peters

burg 
Ruehle, Dr. George D., Rt. 2, Box 608, Homestead 

· Rumpsa, P. L., Box 608, Avon Park 
Ruprecht, R. W., Central Fla. Expt. Sta., Sanford 
Russell, J. C., Garden Mart, 1036 N. Orange Ave. 

Orlando 
Sachs, Ward H., Box 6246, Orlando 
Sage, Miss Ruth, Box 2064, West Palm Beach 
Sahlberg, Nils, 1200 E. Michigan Ave., Orlando 
Sampson, G. 0., 4608 Longfellow Ave., Tampa 
Sanders, Kirk, 412 Candler Bldg., Atlanta, Ga. 
Sauchelli, Vincent, Davison Chemical Co., Div. W. R. 

Grace & Co., Box 2117, Baltimore 3, Maryland 
Saurman, A. V., Box 686, Clearwater 
Savage, Clifford B., 416 El Prado Ave., West Palm 

Beach 
Savage, Zack, Agri. Exp. Sta., Box 2424, Gainesville 
Schaaf, Harold H., 612 S. Lake Shore Blvd., Lake 

Wales 
Schenck, N. C., P. 0. Box 321, Leesburg 
Scheneman, E. C., 634 Marietta St., Lake Wales 
Schiffman, Jack, 1801 S. Summerlin, Orlando 
Schmachtenberg, Emil, 726 E. Mitchell Ave., Cin-

cinnati 29, Ohio 
Schock, W. V., P. 0. Box 462, Winter Haven 
Schory, Sr., Elbert A., Tropical Forester, P. 0. Box 

14 68, Ft. Myers • 
Schumacher, W. C., 9320 N. Ramlin Ave., Evanston, 

Ill. 
Scott, A. 'G., Glen Saint Mary Nurseries Co., Winter 

Haven 
Scott, W. Clifford, U. S. Citrus Prod., -Winter Haven 
Scudder, Walter T., P. 0. Box 327, Sanford 
Senn, Vincent J., Cit. Products Sta., USDA, Winter 

Haven . · 
Seymour, Frank, P. 0. Box 1327, Lakeland 
Shannon, G. T., 709 Franklin St., Tampa 
Sharpe, R. H., Fla. Agri, Exp. Sta., Gainesville 
Sharpe, Wm., J., Rt. 2, Box 314, Tallahassee 
Sheehan, Thomas J., Agri. Exp. Sta., U. of Fla., 

Gaines ville 
Shepard, Charles E., 6800 S. W . 16th St., Miami 
Sherock, Duane, 32266 Hazelwood, Wayne, Michigan 
Shippey, J. C., 3402 Rosemary St., Jacksonville 
Shippy, Mrs. Leo C., 6136-Slst Ave., S., St. Peters-

burg 7 
Shoemaker, J, S., 1415 N. W. 14th Ave., Gainesville 
Showalter, R. K., Agri. Exp. Sta., Gainesville 
Sikes, Anna Mae, State Home Demonstration Agt., 

Florida State University, Tallahassee 
Simanton, W. A., Citrus Exp. Sta., Lake Alfred 
Simmons, John J., Merck & Co., Inc., Rahway, N. J. 
Simpson, Henry A., Geneva 
Singleton, Gray, 126 E. Palm Dr., Lakeland 
Sites, J, W., Agricultural Exp. Stas., Gainesville 
Sittler, Carl C., Hacienda Nina, Mascotte 
Skinner, F. L., 379 Monroe St., Dunedin 
Skipper, Cecil, Monsanto Chemical Co., Avon Park 
Smiley, Nixon, Agricultural Editor, Miami Herald, 

Miami 
Smith, Arthur, Olin Mathieson Chem. Corp., Room 

1939, Mathieson Bldg., Baltimore, Md. 
Smith; B. L ., 1201 Tanager Drive, Orlando 
Smith, Cecil N., Asso. Agri. Economist, Agri. Exp. 

Stas., Gainesville 
Smith, Dent, 2514 S. Peninsula Dr., Daytona Beach 
Smith, F. B., Agri. Exp, Sta., Gainesville 
Smith, J. O'Neal, Standard Spray & Supply Co., 600 

Raehn Ave., Orlando 
Smith, Laurin G., Tennessee Corp., P. 0. Box 2205, 

Atlanta, Ga. 
Smith, Paul F., U. S. Hort. Field Sta., 2120 Camden 

Rd., Orlando 
Smith, Ralph R., Crown Cork & Seal Co., Inc., Orlando 
Snell, R. R., Homeland 
Snook, Miss Margaret A., Weiradale 
Soil Science Foundation, 1306 E. Main, Lakeland 
Soule, Jr,, M. J., 219 N. Eola Drive, Orlando 
Southern Agri. Insecticides, Inc., Box 324, Palmetto 
Souviron, Max J., 2845 S. W. 22d Terrace, Miami 34 
Sowell, Jr., Grover, Gulf Coast Experiment Sta., Box 

2125, Manatee Sta., Bradenton 
Speer, H. L., Box 326, Belle Glade 

Spencer, Dr. E. L., Gulf Coast Experiment Sta., Box 
2126, Manatee Sta., Bradenton 

Sprott, Kingswood, Lake Wales 
Stabler, David K., 1320 S. Lake Shipp Dr., Winter 

Haven 
Stahl, Arthur L., U. of Miami, Box 1016, S. Miami 
Stambaugh, Scott U., 1009 N. ·w. 96th Terrace, Miami 

38 
Steffani, Charles H., 1102 N. Krome Ave., Homestead 
Stenholm, James T., The Gulf Fertilizer Co., P. 0. 

Box 906, Clermont 
Stephens, R. L. "Bob" , Gro-Crop Co., Inc., P . 0 . Box 

lf>3, Summerdale, Ala. 
Sterling, H. 0., Citrus Experiment Sta., Lake Alfred 
Stewart, rvan, Citrus Exp. Sta., Lake Alfred 
Stewart, Martha W., 214 W. Minnehaha St., Tampa 
Stewart, Tom B., Box 6, DeLand 
Stirling, Walter, 801 S. W. Stirling Rd ., Ft. Lauder

dale 
Stone, Fred S., 301 E. 14th St., Hialeah 
Stout, Dr. Gerald J., College of Agri., U. of F'la., 

Gaines ville 
Stover, L. H., Box 664, Fruitland Park 
Sturrock, David, Box 6022, West Palm Beach 
Sturrock, Jr., James D., Boynton Landscape Co., P. 0. 

Box 2348, Palm Beach 
Sturrock, Thomas T., P. 0. Box 6022, West Palm 

Beach 
Suit, R. F., Citrus Exp. Sta., Lake Alfred 
Sullivan, Ed H., Box 160, Ft. Pierce 
Summerfield Nursery Co., Inc., Weirsdale 
Sunday, Milliard B., U. S. Dept. of Agri. , 2120 Cam

den Road, Orlando 
Sunkist Growers, Research Dept., 616 E. Sunkist St., 

Ontario, Calif. 
Sutton, Cliff, Calif. Spray Chem. Corp., Box -7067, 

Orlando 
Sutton, Larry, Box 1032, Lake Alfred 
Swank, Jr., Dr. George, The Upjohn Co., Kalamazoo, 

Michigan 
Swartsel Groves, Inc., Elfers 
Tait, W . L., Fla. Citrus Production Credit Assn., P. 0. 

Box 695, Winter Haven 
Talbert, Dale, 695 Royal Palm Place, Vero Beach 
Talbott, George M., 4.401 E. Colonial Dr., Orlando 
Taylor, J , J., State Chemist, Tallahassee 
Taylor, Tom, Box 177, Winter Haven 
Teas , Howard J., Botany Dept., Univ. of Fla ., Gaines-

ville 
Tennessee Corporation, P. 0. Box 2205, Atlanta, Ga. 
Tenney, R. M., 2864 Mulford Ave., Orlando 
Thompson, B. D., Agri. Exp. Sta., U . of Fla., Gaines-

ville 
Thompson, Elton, Avon Park 
Thompson, George W., Box 43, Okahumpka . 
Thom.pson, Homer T . . Sec.-Treas ., Tampa Natl. Farm 

Loan Assn., P. 0. Box 3132, Tampa 
Thompson, Ralph, P. 0. Box 1000, Winter Haven 
Thompson, W. L., Box 1075, Lake Alfred 
Thornton, Raymond L., Olin Mathieson Chemical 

Corp., East Point, Ga. 
Thornton, R. P., 1145 E. Cass St., Tampa 1 
Thullbery, A. Charles, Southern Dolomite Co., P. 0. 

Box 293, Lake Wales 
Thullbery, Frank M., Highland Park Service Co., Lake 

Wales 
Thursby, Mrs. Isabelle S., Box 68, Orange City 
Tiedtke, John , Rollins College, Wmter Park 

•Tilden, Fred T., Box 472, Winter Garden 
Tillman, Charles, Ridge Fertilizer Co. , 930 Campbell, 

Lake Wales 
Tindal, George, Itt. 3, Box 516, Ft. Pierce 
Ting, S. V., F'la. Citrus Commission, La ke Alfred 
Tisdale, L. E., 447 Ave. "C", N. E. , Winter Haven 
Todd, Howard D., F'la. Citrus Canners Coop., Box 1111, 

Lake Wales 
Tomasello, Rudolph P., Box 6166, West Palm Beach 
Townsend, G. T., Box 366, Belle Glade 
Townsend, K. G., Box 8476, Tampa 
Toy, Leonard R., Growers Fertilizer Coop:, 1245 

Chichester, Orlando 
Troy, V. S., 416 N. Humphrey Ave., Oak Park, Ill. 
True, H. H., 438 N. E. 8th Ave., Ft. Lauderdale 
Trumm, H. W., 978 Camp Dr., Ocala · 
Tucci & Bros., Pat, P. 0 .. Box 1476, Homestead 
Turner, B. L., P. 0. Box 699, Jacksonville 
Tuttle, It. E., International Minerals & Chemical Corp., 

P. 0. Box 839, Bartow 
Twenhofel, Dr. W. H., Rt. 3, Box 334. Orla ndo 
Tyler, T., 'Courtenay, Box 775 , Ha.ines City 
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'U. S. Phosphoric Products Division Tennessee Corpora
tion, P. 0. Box 3269, Tampa 1 

Van Middelem, C. H .• Hort. Dept., U. of Fla., Gaines-
ville 

Van Sickler, D. R., Box 243, Laurel 
Veldhuis, M. K .• U. S. Citrus Prod. Sta., Winter H:1ven 
Vilece, Dr. Robert J., Floyd Hall, U. of Fla., Games-

ville . 
Virrick, Vladimir E., 8400 Old Cutler Road, Miami 43 
Volk, G. M., Dept. of Soils, U. of Fla., Gainesville, 
Vrana, Edward J., Pound's Groves, R . D. No. 1, Box 

623, Ft. Lauderdale 
Wag ner, Wm. E., Vero Beach 
Waldron, Max, Route 1, Ft. Lauderdale 
Walker Fertilizer of Fla., Inc., 500 Lake Sue Ave., 

Winter Park 
Walker, Seth S., 3002 Waverly Ave., Tampa 
Walling, E. B .• P. 0. Box 404, Weirsdale 
Walter, James M., Gulf Coast Exp. Sta., Box 2125, 

Manatee Sta., Bradenton 
Walts, Charles C., H. P. Hood & Sons, 56 Roland St., 

Boston 29, Mass. 
Wander, Dr. I. W., Growers Fertilizer Coop., Lake 

Alfred 
Ward, G. F., Sales Mgr .. Ward's Nursery, Avon Park 
Ward, Loren H., 1518 Orangewood Ave., Orlando 
Warren, Alfred, 54 N. E. 107th St., Miami Shores 38 
Watkins, Dr. Marshall 0., Room 101, Rolfs Hall, U. 

of Fla., Gainesville 
Webb, Warren V .• 3607 Corona, Tampa 9 
Wells, W. G., Wells' Citrus Service, Tavares 
Wenzel. Dr. F . W., Citrus Experiment Sta., Lake 

Alfred 
Wesemeyer, Fred, Box 1347, Ft. l\1yers 
West Coast Fertz. Co., Box 1094, Tampa 1 
West, Erdman, A gri. Exp. Sta., Gainesville 
West, James A., Box 568, Lake Alfred 
Westgate, Dr. Philip J. , 83 1 Irma, Orlando 
Whelchel, Jr., N. C .• 1102 Krome Ave .• Homestead 
Whitaker, Jay W., Box · 1272, Winter Haven 
White, Alec, Court House, Tampa 2 
Whitesell, Henry C., Rt. 1, Box 772, Largo 
Whitman, William C., Tropica l Hydroponic Gardens, 

Inc., 4220 S. W. 83d Ave .. S. Miami 43 
Whitman, William F., 189 Dal Bay Drive, Miami 

Beach 41 
Whitmore, Al H., Fla. Citrus Production Credit Assn., 

Box 2111, Orlando 
Whitner, Jr., B. F., P. 0. Box 1018, Sanford 
Whitson, Edmond S., 1566 Ridgewood, Clearwater 
Whittaker, Walter G., Calif. Spray Chem. Corp., 708 

S. Hampton, Orlando 
Wiggins, H. M ., 865 Lusk Place, Bartow 
Wilbanks, W. H., Drawer 1272, Winter Haven 
Williams, H. A., 105 S. Corona, Clearwater 
Williams, Miss Myra G., Rockledge . 
Williams, Vernon, Rt. 3, Box 490. F't. Pierce 
Willis, William J., 184 1 Glencoe Rd., Winter Park 
Willson, A. E., Minute M aid Corp., Plymouth 
Wilner, William D., Asst. Sales Mgr., Miller Chem. 

& Fertz. Corp., 2226 N. Howard St., Baltimore 
18, Md. 

Wilson, Don H., Jackson Gra in Co .• Box 873, Bartow 
Wilson, E. Meade, Int. Minerals & Chemical Corp., 

Mulberry 
Wilson, John R., 418 Southern Blvd., W. Palm Beach 
Wilson, J. W., Central Fla. Exp. Sta., Sanford 
Wilson, Leo H., Box 48, Bradenton 
Wilson, Robert G., 9550 S. W. 67th Ave., S. Miami 43 
Winston, J. R., 2120 Camden Rd., Orlando 
Winter Garden Ornamental Nursery, Inc . ., Box 428, 

Winter Garden 
Wirt, Jr., Erle L., Babson Park 
Wolf, Benjamin, 2620 Taylor St., Hollywood 
Wolf, Emil A., Everglades Exp. Sta., Belle Glade 
Wolfe, Dr., H. S., Head, Dept. of Hort .. U. of Fla., 

GainesviUe 
Wolfenbarger, D. 0., Rt. 2, Box 508, Homestead 
Woltz, Shreve S., Gulf Coast Exp. Sta., Box 212 6, 

Manatee Sta., Bradenton 
Wood, Wade W., The Gulf Fertilizer Co., Box 634, 

DeLand 
Woods. V. E., Box 339, D avenport 
Woofter, H. D., Chemag ro Corp., 1179 N. Druid Hills 

Circle, Decatur, Ga. · 
Wright, J. D., Geigy Chemical Corp., Box 653, Or

lando 
Wright. Webb., Rohm & Haas Co., 1331 Riviera, Ft. 

Myers 
Young, Herbert S., Box 645. Boca Raton 

Young, Mrs . Robert R., "Fairholme," Ruggles Ave., 
Newport, R. I. 

Young, T. W., Sub-Tropical Exp. Sta., Homestead 
Young, W. H .. Plymouth Citrus Products Coop., 525 

W. Yale Ave., Orlando 
Yuan, Tzu-liang, Dept. of Soils, U. of Fla .• Gainesville 
Zarrella, Peter, Indiantown . . 
Ziegler, Louis W., College of Agn., U. of Fla., Games-

ville 
Zill, L. H., 813 N. Federal Highway, Delray Beach 
Zimmerman, P. W., Boyce Thompson Institute, Yonk

ers 3, N. Y. 
Zimmerma n, William E .. Box 129, Orlando 

COLLEGES AND LtBRARIES-1956 

Clemson College, Miss Cornelia A. Graham, Librarian, 
Clemson, S. C. . 

Florida State Library, Tallahassee, Attn: Mis s Doro
thy Dodd, State Librarian 

Library, Florida ~tate Univer.sity,_ T a llah~ssee . 
Library University of Cahforrua, Serials Section, 

405 Hilgard Ave., Los Angeles 24, California 
Library. Serials Dept .. University of Miami. University 

Br anch, Coral Gables 46 
Massachusetts Horticultural Society Libra ry, Hort. 

H a ll, 300 Massachusetts Ave., Boston 15, Mass. 
New York Public Library, The, 5th Ave. & 42d St., 

New York 18, N. Y. 
Park Trammell Public Library, Lakeland 
E. T. Roux Library, Oween Sumner, Librarian, Florida 

Southe rn College, Lakeland 

OUT OF COUNTRY-1956 

Arzave. Ing. Gen,.ro, Quimica Del Golfo, S. A. , Aparta
do No. 102, P. Mier Ote. 328, Monterrey, N. L., 

Bibliot~~xte"r Hochschule fuer Gartenbau und Lande
skultur, Haus Steinberg, Sarstedt b. H an nover, 
Germany 

Borawake, S. N., Shrirampur, Dist. Ahmednagar, Bom
bay State, India 

Candriano, Princess di, Block House Grove. Ceballos 
(Camaguey), Cuba 

Chief. Division Food Preservation. Private Mail Bag, 
Homebush, Sydney, N. S. W ., Australia . 

Chief, Division of Horticulture, 590 Vermuelen St., 
Pretoria, S. Africa 

Chompoophot, Anchern, Kasetsart Univer sity, College 
of Agri. , Bangkok. Thailand 

Chun's Nursery P. 0. Box 44. Paia, Maui, Hawaii 
Dept. of Agric~lture & Stock, William St. , Brisbane, 

Queensland, Australia 
<le Sob, Francisco, Avenida Morazan N o. 1, San Sal

vador, El Salvador 
Dierbe,ger. Jr., Joao, Caixa Postal 458, Sao Paulo, 

The D~~~;~~ Natal Region, Dept. of Agri., Private 
Bag 1021 Pietermaritzburg, N atal S. Africa 

El-Alfy, Dr. H.: 8 El-Saleh Ayoub, Zamalek, Cairo, 
E gypt . u · 

Fahm~·. Ibrahim, Asst. Prof._ of Hort., American . m-
versi ty of Beirut, Beirut, Lebanese Repubhc 

Fletcher, W. A., Dept. of Agri.. Auckland, New Zeala!'d 
F'rutos Espano!es, S. A., Maria Molin a, 1, Valencitt, 

Giacon~Jt~ Dr. Dalmo C., C. Postal 1620; Rio de 
Janeiro, Brazil 

Groves, Gordon R., Dept . . of Agriculture, Paget East, 
Bermuda 

Henry Harris Memorial Library, Agri. Research Sta., 
• Box 15 Rehovot, Israel 
Hevia Leona'rd.o, Consulado 62, H abana. Cuba 
Isbit, 'Arthur, U. S. Dept. of Agri. Virgin Islan~s. 

Agri. Program, King's Hill, P. 0., St. Croix, 
Virg in I s lands 

Kitagawa Hirotoshi, Div. of Horticulture, Dept. of 
Airiculture, Kyoto University, Kitashirakawa, 
Kyoto, Japan 

Kung!. L antbrukshogskolans Bibliotek, Uppsala 7 
(Suede), Sweden 

Jones, T. A., 279 Kumkama St., Lane~a. Hawaii . 
Librarian. Canada Agriculture, Experime ntal Statton, 

Kentville, N. S., Canada 
Library, Coll. of Agri. & Mee. Arts, ~ ayague~, P. R. 
Library. The Imperial Col1ege of Tropical Agriculture, 

Trinidad. B. W. I. 



432 FLORIDA STATE HORTICULTURAL SOCIETY, 1956 

Main Library, Dept. of Agriculture, Science Service 
Bldg., Ottawa, Canada 

Naday, Miklos, c/o Citrobrasil S. A., Caixa Postal 
120, Limeira, Sao Paulo, Brazil 

North-South Nursery Co., Box 1179, San Juan, Puerto 
Rico 

Officer in Charge, Nelspruit Sub-Tropical Hort. Res. 
Sta., Nelspruit, S. Africa 

Ortega, Ernesto, Apdo. 987, Tampico, Tamps., Mexico 
Pennock, Charles F., Box 1179, San Juan, Puerto 

Rieo . 
Popenoe, Dr. \Vilson, Director, Escue la Agricola Pan

americana, Apartado 93, Tegucigalpa, Honduras 
The Principal, Stellenbosch-Elsenburg College of Agri., 

Stellenbosch, S. Africa 
Ross, Gordon B., Central Pte. No. 2, Tapachula, Chia

pas, Mexico 
Russell, Oris S., Director of Agriculture, Dept. of 

Agri., Nassau 
Schrader, Otto Lyra, Santa Clara 2fi6, Rio de Janeiro, 

· Brazil, S. A. 

Singh, L. B., Director, Govt. Horticultura l Research 
Station, Saharanpur, U. P. (India) 

Stein, Eni-ique, 24 de Septiembre 907, Tucuman, Ar
. gentina 

Suid-A[rikaanse Ko-operatiewe Sitrusbeurs, Beperk,, 
'.'Citrus Exchange" Sitrusbeurs, 180 Visa1d St. 
P. K. Bus 1158, Pretoria, S. Africa 

Tully , John, r!/o M. Gordon, Box 1271, Nassau, Ba
hamas, BWI 

Ueoka, Noriyuki, Maui High School, Hamakuapoko, 
Maui, Hawaii 

Ulacia, Eduardo, 7th Ave., Miramar, Havana, Cuba 
University Library, American University of Beirut, 

Beirut, Lebanon 
Urano, James A., c / o U. S. Embassy, Foreign Opera

tions Administration, Port au Prince, Haiti 
Yufera. Dr. Eduardo Primo, Departamento de Quimica 

Vepetal, Faseo de Valencia al Mar 13, Valencia, 
Spain 

Total Membership . . . .. .. ...... .. ........ 1157 



ANTIBIOTICS 
streptomycin, bacterial spot control 

(Sowell) 244 
APHID 

transmission of tristeza (Norman, Grant) 38 
ATKINS, C. D., ROUSE, A. H. and 

MOORE, E. L. 
Effect of thermal treatment and con

centration on pectinesterase, cloud 
and pectin in citrus juices using a 
plate type heat exchanger (illus.) 181 

See Moore 176; Rouse 145; Wenzel 170. 
AVOCADO 

and Lime Commission (Ivins) 262 
committee report (Lincoln) 276 
cultural and maintenance practices 

(Sutton) · 274 
longtime culture effect on soil 

(Malcolm) 313 
marketing (Kendall) 270 
nitrogen, phosphorus, potassium effect 

(Lynch, Goldweber) 289 
AYERS, E. L. and ROHWER, G. G. 

Mediterranean fruit fly eradication 
program in Florida 12 

BACTERIAL SPOT 
assay, streptomycin control (Sowell) 244 

BARBADOS CHERRY 
rooting (Nelson, Goldweber) 285 
selections for commercial plantings 

(Ledin) 293 
BARRON, R. W. see Wenzel 170 
BEAN 

pole bean rust control with maneb-
sulfur (Conover) 247 

BIRCHFIELD, W. see DuCharme 42 
BISKIND, M. see Sokoloff 128 
BISSETT, O. W. and VELDHUIS, M. K. 

Effects of finisher pressure on char
acteristics of Valencia orange con-
centrate (illus.) 109 

BLACKHEART 
celery, control evaluation (Geraldson) 236 

BLOSSOM-END ROT 
tomatoes, control evaluation 

(Geraldson) 236 
BOSS, M. see Goldweber 328 
BREEDING 

southern peas (Lorz) 210 
BROKAW, C. H. see Murdock 154 
BURGIS, D. S. and OVERMAN, A. J. 

Crop production in soil fumigated 
with crag mylone as affected by 
rates, application methods and 
planting dates (illus.) 207 

See Overman 250 
BURT, E. 0. see Helms 407 
BUTCHER F. G. and GOLDWEBER, S. 

Notes on a weevil attacking 
mahogany trees (illust.) 303 

BY-PRODUCTS 
citrus pulp and insect problem 

(Laudani, Davis, Swank, Yeomans) 191 
CAMP, A. F. 

Honorary membership 16 

CAMPBELL, J. D. 
Sub-tropical fruit program of Dade 

c~ntr ~2 
CANNING 

grapefruit sections, from plots with 
varying amounts potash 
<Wenzel et al.) 170 

sodium nitrate as corrosion inhibitor 
(Marshall) 159 

CANTALOUPE 
fungicides, phytotoxicity (Conover) 198 
hydrocooling · (Ford) 138 
varieties; progress report (Whitner) 195 

CARLTON, R. A.' 
Presidential address 1 

CELERY 
blackheart, control .evaluation 

<Geraldson) 236 
seedbed, disease control (Cox) 242 

CH~l\,fELIN, I. see Sokoloff 128 

CHRYSANTHEMUM 
nutritional requirements (Woltz) 352 

CITRUS . 
aphid transmission of tristeza 

<Norman, Grant) 38 
burrowing nematode infected, under 

greenhouse conditions 
(Feder, Feldmesser) 29 

burrowing nematode races in relation 
to tristeza <Ducharme, Birchfield) 42 

cleaning under high pressure 
(Murdock, Brokaw) 154 

dieback in young transplanted trees 
(Grimm) 31 

4-H Club program <Mccown) 52 
greasy spot control; progress report 

(Thompson, King, Deszyck) 98 
methods of managing closely set citrus 

<Lawrence, Norris) 54 
nematodes, mechanical transmission 

(Tarjan) 34 
phosphate effect on root, soil pH at 

various depths in sandy soil (Smith) 25 
products, standardization (Pobjecky) 125 
purification of naringin 

(Hendrickson, Kesterson) 149 
purple mite control, systox (Johnson) 93 
rootstock selections tolerant to 

burrowing nematode (Ford) 44 
timing fertilization <Reitz) 58 
tristeza, injury and loss of trees 

(Cohen) 19 
use of 1,2-dibromo-3-chloropropane, 

burrowing nematode infected 
(Feldmesser, Feder) 105 

zinc fertilizers 
(Leonard, Stewart, Edwards) 72 

CLAYTON, H. G. Honorary membership 17 
COHEN, M. 

Injury and loss of citrus trees due to 
tristeza disease in an Orange County 
grove (illus.) 19 

CONCENTRATE 
effects of finisher pressure, Valencia 

orange (Bissett, Veldhuis) 109 



CONOVER, R. A. 
Phytotoxicity of fungicides to 

cantaloupes (illus.) 198 
Control of pole bean rust · with 

maneb-sulfur dust. (illus .) 247 

CONSTANTINE, H. H. Necrology 420 

CORBETT, M. K. 
Virus ring s.:iot of Peperomia obtusi

folia and Peperomia obtusifolia 
var. Variegata (illus.) 357 

CORROSION 
inhibited by sodium nitrate 

(Marshall) 159 

COX, R. S. 
Control of diseases in the celery 

seedbed 242 

and HAYSLIP, N. C. 
Notes on current development of 

gray mold, Botrytis Cinerea Fr. of 
tomato and its control (illus.) 235 

CRALL, J. M. see Helms 407 

CRANE, M. A. Necrology 420 

CUCUMBER 
fungicides (Sowell) 230 

DAVIS, D. F. see Laudani 191 
DENNISON, R, A. and HALL, C. B. 

Influence of nitrogen, phosphorus, 
potash and lime on the growth and 
yield of strawberries (illus.) 224 

See Hall 228 
DESZYCK, E. J, and TING, S. V. 

Seasonal changes in the juice content 
of pink and red grapefruit during 
1955-56 (illus.) 68 

See Thompson 98; Wenzel 170. 

DICKEY, R. D. 
Genus Solandra in Florida (illus. ) 405 . 

DIEBACK 
young transplanted citrus (Grimm) 31 

DISEASE 
Botrytis, gladiolus (Magie) 337 
control in celery seedbed (Cox) 242 
grapefruit, sloughing 

(Grierson, Patrick) 140 
gray mold control, tomato 

(Cox, Hayslip) 235 
DuCHARME, E. P. and BIRCHFIELD, W. 

Physiologic races of the burrowing 
nematode in relation to citrus 
spreading decline. 42 

EDWARDS, G. see Leonard 72 
ESPINAL, H. see Sokoloff 128 
FAY, A. C. see Lister 136 
FEDER, W. A. and FELDMESSER, J. 

starting and maintaining burrowing 
nematode-infected citrus under 
greenhouse conditions (illus.) 29 

See Feldmesser 105 
FELDMESSER, J. and FEDER, W. A. 

Use of 1,2-dibromo-3-chloropropane 
on living citrus trees infected with 
the burrowing nematode (illus.) 105 

See F eder 29 

FERN 
chemical weed control 

(Helms, Crall, Burt) 

FERTILIZER 
and seeding rates for potatoes 

<McCubbin) 
chrysanthemum (Woltz) 
citrus, timing (Reitz) 
gladiolus (Woltz) 
phosphate effect on citrus roots at 

different depths (Smith) 
zinc on citrus 

(Leonard, Stewart, Edwards) 

FORD, H. W. 
Citrus rootstock selections tolerant 

to the burrowing nematode (illus.) 

FORD, K. E. 
Hydrocooling cantaloupes (illus.) 

FRIERSON, P. E. 
Florida nursery law 

FUMIGATION 
rates , application and planting dates 

on crop production 
<Burgis, Overman) 

FUNGICIDE 
cantaloupe, phytotoxicity (Conover) 
cucumber (Sowell) 
effects on vegetable seedbeds 

(Overman, Burgis) 
plant injury (Martinez) 

GENUNG, W. G. see Wilson 

GERALDSON, C. M. 
Evaluation of control methods for 

blackheart of celery and blossom
end rot of tomatoes (illus.) 

GLADIOLUS 
Botrytis control (Magie) 
corm and soil treatment (Kelsheimer) 
fertilization (Woltz) 

GOLDWEBER, S., BOSS and 
LYNCH, S. J. 
Effects of nitrogen. phosphorus and 

potassium fertilization on the 
growth, yield and fruit quality of 
Persian limes (illus.) 

See Butcher 303; Lynch 289; Nelson 285. 

GRANT, T. J. see Norman 
GRAPEFRUIT 

canned sections, from plots with vary
in amounts potash (Wenzel et al.) 

degrees Brix in fruit utilized for 
processing (Stenstrom, Westbrook) 

improvement of processed products, 
increased utilization 
(Wenzel, Moore) 

seasonal changes in Jmce content 
1955-56 (Deszyck, Ting) 

sectionizing Marsh seedless 
(Singleton) 

sloughing disease (Grierson, Patrick) 
stem pitting threat to grower? 

(Knorr, Price) 
GRASS 

zoysia, damage by hunting billbug 
(Kelsheimer) 
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GREASY SPOT 
progress report on control 

(Thompson, King, Deszyck) 98 

GRIERSON. W. 
Reducing losses in harvesting and 

handling tangerines (illus.) 165 
and PATRICK. R. 

Sloughing disease of grapefruit (illus.) 140 

GRIMM. G. R. 
Preliminary investigations on dieback 

of young transplanted citrus trees 
(illus.) 31 

HALL, C. B. and DENNISON. R. A. 
Lime-induced manganese deficiency 

of strawberries (illus.) 228 
See Dennison 224 
HALSEY, L. H. 

Variety tests of commercial types and 
new breeding lines of southern pea 
(illus.) 255 

HANDLING 
frozen fruits, vegetables, juices 

(Lorant) 185 
tangerines, reducing losses (Grierson) 165 

HARDING. P. L. see Soule 282 
HAYSLIP, N. C. see Cox 235 
HELMS. C. C. Jr .. CRALL. J. M. 

and BURT. E. 0. 
Studies on chemical weed control in 

Plumosus fern (illus.) 407 
HENDRICKSON. R. and 

KESTERSON. J. W. 
Purification of naringin 149 

HENDRY, J. E .. Jr. Necrology 419 
HERBICIDE 

effects on vegetable seedbeds 
<Overman, Burgis) 250 

Plumosus fern (Helms, Crall, Burt) 407 
tomatoes (Noonan) 204 

HONORARY MEMBERSHIP 
Camp, A. F. 16 
Clayton, H. G. 17 
Tenny, L. S. 15 

HOOPER. M. M. 
Production of spinach for processing 

on muck soils of Central Florida 261 
HOOVER, M. W. 

Factors influencing consumer prefer
ence of southern peas (cowpeas) 
(illus.) 213 

and NETTLES, V. F. 
Effect of variety and fresh storage 

upon the quality of frozen sweet 
potatoes (illus.) 142 

HUGGART, R. L. see Wenzel 170 
INSECT 

corm and soil treatment (Kelsheimer) 403 
hunting billbug, pest of zoysia 

(Kelsheimer) 415-
Mediterranean fruit fly eradication 

(Ayers) 12 
Mediterranean fruit fly on orna-

mentals (McElwee) 379 
Mediterranean fruit fly on subtropical 

fruits <Ruehle) 287 

problem in dried citrus pulp 
(Laudani, Davis, Swank, Yeomans) 191 

problems on Southern pea 
(Wilson, Genung) 217 

weevil attacking mahogany 
<Butcher, Goldweber) 303 

INSECTICIDES 
parathion on gladiolus corms 

(Kelsheimer) 403 
purple mite control, systox (Johnson) 93 

IRRIGATION 
potato studies (Myhre) 200 

IVINS. C. F. 
Concept, duties, and operations of the 

Florida Avocado and Lime Com-
mission 262 

JALIL, M. and SHARPE, R. H. 
Rooting of peach cuttings under mist 

as affected by media and potassium 
nutrition (illus.) 324 

JOHNSON, R. B. 
Notes on the use of systox for purple 

mite control on citrus (illus .) 93 
JUICE 

chilled orange, quality control 
(Lister, Fay) 136 

diacetyl production in orange (Witter) 120 
distribution and handling frozen 

(Lorant) 185 
grapefruit, seasonal changes 1955-56 

(Deszyck, Ting) 68 
orange; pectin and other chemical 

changes in 42° Brix 
<Rouse, Atkins, Moore) 145 

orange; physical changes and cloud 
retention in 42 • Brix. I 
(Moore, Rouse, Atkins) 176 

orange; rapid determination of peel 
oil (Kilburn, Petros) 107 

thermal treatment and concentration, 
effect on pectinesterase and pectin 
(Atkins, Rouse, Moore) 181 

KATO. S. see Sokcloff 128 
KELSHEIMER. E. G. 

Effect of parathion as a corm and 
soil treatment for gladiolus (illus.) 403 

Hunting billbug a serious pest of 
zoysia (illus.) 415 

KENDALL, H. E. 
Marketing of limes and avocados in 

Florida 270 
KERR, S. H. 

Pesticides and plant injury (illus.) 398 
KESTERSON. J. W. see Hendrickson 149 
KILBURN. R. W. and PETROS, L. W. 

Rapid determination of peel oil in 
orange juice for infants (illus.) 107 

KING, J. R. see Thompson 98 
KNIGHT. E. T. 

Regional performance of Hemerocallis 
in Florida (illus.) 363 

KNORR, L. C. and PRICE. W. C. 
Is stem pitting of grapefruit a threat 

to the Florida grower? 65 
LADEBURG, C. F. Necrology· 419 



LANDSCAPE 
outdoor living space (Mack) 360 

LAUDANI, H., DAVIS. D. F .. SWANK, 
G. R. and YEOMANS. A. H. 
Dried citrus pulp insect problem and 

its possible solution with insecti-
cide-coated paper bags (illus.) 191 

LAWRENCE, F. P. and NORRIS, R. E. 
Field observations of several methods 

of managing closely set citrus trees 54 

LEDIN. R. B. 
Comparison of three clones of Bar

bados cherry and the importance of 
improved selections for commercial 
plantings (illus.) 293 

Twelve Bauhinias for Florida (illus.) 388 

LEONARD. C. D .. STEWART, I. and 
EDWARDS, G. 
Effectiveness of different zinc fertil-

izers on citrus (illus.) 72 
LILY 

Hemerocallis, regional (Knight) 363 
LIME 

manganese deficiency induced by 
<Hall, Dennison) 228 

strawberries (Dennison, Ham 224 
LIMES 

and avocado commission (Ivins) 262 
cultural and maintenance practices 

(Sutton) 274 
fertiliz~r effects on growth, yield, 

quality (Goldweber, Boss, Lynch) 328 
marketing (Kendall) 270 

LINCOLN, F. B. 
Krome Memorial avocado variety 

committee report 276 
LISTER, L. J. and FAY. A. C. 

Quality control of chilled orange juice 
from the tree to the customer 136 

LORANT, G. J. 
Distribution and handling of frozen 

fruits, vegetables and juices (illus.) 185 
LORZ, A. P. 

Breeding objectives and the establish
ment of new breeding lines of 
Southern peas (illus.) 210 

LYCHEE 
commercial crop (Palmer) 309 
response to girdling (Young) 305 

LYNCH, S. J. and GOLDWEBER, S. 
Effects of nitrogen, phosphorus and 

potassium fertilization on the yield 
and tree growth of avocados (illus.) 289 

See Goldweber 328; Mustard 277 
MACK, T. B. 

How to landscape our outdoor space 
for living 360 

MAGIE, R. 0. 
Gladiolus Botryiis control (illus.) 337 

MAHOGANY 
weevil (Butcher, Goldweberl 303 

MALCOLM, J. L. 
Effects of longtime avocado culture 

on the composition of sandy soil in 
Dade County (illus.) 313 

MANGANESE 
lime-induced deficiency of strawberry 

(Hall, Dennison) 228 

MANGO 
physical a n d chemical changes 

ripening at 80°F. (Soule, Harding) 282 

MARKETING 
limes and avocados (Kendall) 270 

MARSHALL, J. R. 
Studies on the use of sodium nitrate 

as a corrosion inhibitor in the 
canning industry (illus.) 159 

MARTIN. W. C. see Sokoloff 128 
MARTINEZ, A. P. 

Fungicides and plant injury (illus.) 413 
MILLER, H. N. see West 343 
MITES 

purple, systox control on citrus 
(Johnson) 93 

MONTELARO, J. 
Outlook for the production of south-

ern field peas for freezing 216 
MOORE, E. L .. ROUSE, A. H. and 

ATKINS, C. D. 
Storage studies on 42° Brix concen

trated orange Jmces heated at 
varying folds. I. Physical changes 
and retention of cloud (illus.) 176 

MOORE, E. L. See Atkins 181; 
Rouse 145; Wenzel 79, 170 

MURDOCK, D. I. and BROKAW, C. H. 
Effective high pressure cleaning 

system for citrus concentrating 
plants (illus.) 154 

MUSTARD, M. J., LYNCH, S. J. and 
NELSON, R. 0. 
Pollination and floral studies of the 

Minneola tangelo (illus.) 277 
MYHRE, D. L. 

Irrigation of Sebago potatoes at 
Hastings, Florida (illus.) 200 

McCOWN, J. T. 
New 4-H Club program for citrus 

production training 52 
McCUBBIN, E. N. 

Results of different seeding and 
fertilizer rates for potatoes at 
Hastings (illus.) 259 

McELWEE, E. W. 
Research in the ornamental field in 

control of Mediterranean fruit fly 
(illus.) 379 

McFADDEN, S. E. Jr. 
Mist propagation of roses (illus.) 333 
Comparison of "Happiness" rose pro-

duction on four rootstocks (illus.) 368 
McNEW, G. L. 

Plant research in the atomic age 4 
NARINGIN 

purification (Hendrickson, Kesterson) 149 
NELSON. R. O. and GOLDWEBER, S. 

Further rooting trials of Barbados 
cherry (illus.) · 285 

See Mustard 277 



NEMATOCIDE 
effects on vegetable seedbeds 

(Overman, Burgis) 250 

NEMATODE 
burrowing, citrus rootstock tolerance 

(Ford) 44 
burrowing, physiologic races 

<Ducharme, Birchfield) 42 
burrowing, use of 1,3-dibromo-3-chlor

opropane on citrus 
(Feldmesser, Feder) 105 

citrus, greenhouse conditions 
(Feder, Feldmesser) 29 

mechanical transmission (Tarjan) 34 

NETTLES, V. F. see Hoover 142 

NITROGEN 
avocado, effect on yield , growth 

(Lynch, Goldweber) 289 
limes; growth, yield and quality 

(Goldweber, Boss, Lynch) 328 
strawberries <Dennison, Ham 224 

NOONAN, J. C. 
Use of certain herbicides in fields of 

growing tomatoes - progress report 
(illus.) 204 

NORMAN, P. A. and GRANT, T. J. 
Transmission of tristeza virus by 

aphids in Florida (illus.) 38 
NORRIS, R. E. see Lawrence 54 
NURSERY 

inspection law (Frierson) 370 
OLSEN, R. W. see Wenzel 170 
ORANGE 

diacetyl in juice <Witter) 120 
juice; quality of chilled (Lister, Fay) 136 

ORNAMENTALS 
flower and nursery industry (Smith) 380 
fungicide toxicity (Martinez) 413 
injury by pesticides (Kerr) 398 
Mediterranean fruit fly (McElwee) 379 
philodendron hybrids (West, Miller) 343 
Sciandra <Dickey) 405 
twelve Bauhinias (Ledin) 388 
virus ring spot of Peperomia (Corbett) 357 

OVERMAN, A. J. and BURGIS, D. S. 
Fungicidal, herbicidal and nematocidal 

effects of fumigants applied to 
vegetable seedbeds on sandy soil 
(illus.) 250 

See Burgis 207 
PALMER, G. 

Aspects of the lychee as a commercial 
crop 309 

PALM 
society organization (Smith) 366 

PATRICK, R, see Grierson 140 
PEACH 

cuttings affected by media and po-
tassium (Jalil, Sharpe) 324 

PECTIN 
chemical changes in 42 ° Brix orange 

juices, heated at varying folds. II. 
(Rouse, Atkins, Moore) 145 

thermal treatment and concentration, 
effect on (Atkins, Rouse, Moore) 181 

PECTINESTERASE 
thermal treatment and concentration, 

effect on (Atkins, Rouse, Moore) 181 
PESTICIDES 

plant injury (Kerr) 398 
PETROS, L. W. see Kilburn 107 
PHOSPHORUS 

avocado; effect on yield, growth 
(Lynch, Goldweber) 289 

downward movement measured by 
P32 (Spinks, Pritchett) 385 

limes; growth, yield and quality 
(Goldweber, Boss, Lynch) 328 

strawberries <Dennison, Ham 224 
PIKE, W. N. Necrology 420 
POBJECKY, A. R. 

Standardization of Florida citrus 
products 125 

POLLINATION 
tangelo (Mustard, Lynch, Nelson) 277 

POPENOE. W. 
Notes on tropical fruits in Central 

America 267 
POTASH 

effect on canned grapefruit sections 
(Wenzel et al.) 17 0 

strawberries (Dennison, Ham 224 
POTASSIUM 

avocado; effect on yield, growth 
(Lynch, Goldweber) 289 

peach cuttings affected by 
(Jalil, Sharpe) 324 

limes; growth, yield and quality 
(Goldweber, Boss, Lynch) 328 

POTATO · 
irrigation studies (Myhre) 200 
seeding and fertilizer rates 

(Mccubbin) 259 
PRATT, R. M. 

Long range relationships between 
weather factors and scale insect 
populations (illus.) 87 

PRESIDENTIAL ADDRESS 
Carlton, R. A. 1· 

PRICE, W. C. see Knorr 65 
PRITCHETT, W. L. see Spinks 385 
PROCESSING 

cantaloupe; hydrocooling (Ford) 138 
citrus, pressure cleaning system 

(Murdock, Brokaw) 154 
grapefruit; Brix and Brix-acid ratios 

study (Stenstrom, Westbrook) 113 
sectionizing grapefruit (Singleton) 152 
spinach production (Hooper) 261 
vacuum cooling of vegetables 

(Showalter, Thompson) 132 
PRODUCTS 

citrus; standardization (Pobjecky) 125 
improvement, increased utilization of 

grapefruit (Wenzel, Moore) 79 
PROPAGATION 

Barbados cherry, trials 
(Nelson, Goldweber) 285 

mist, of roses (McFadden) 333 
peach cuttings affected by media and 

potassium (Jalil, Sharpe) 324 



REITZ, H. J. 
Timing fertilization of citrus in the 

Indian River area (illus.) 58 

ROHWER. G. G. see Ayers 12 
ROOTSTOCK 

citrus; tolerant to burrowing nematode 
(Ford) 44 

rose, comparison (McFadden) 368 
ROSE 

mist propagation (McFadden) 333 
roostocks comparisons (McFadden) 368 

ROUSE, A. H., ATKINS, C. D. and 
MOORE. E. L. 
Storage studies on 42 ° Brix concen

trated orange juices processed from 
juices heated at varying folds. II. 
Chemical changes with particular 
reference to pectin (illus.) 145 

See Atkins 181; Moore 176; Wenzel 170 
RUEHLE, G. D. 

Research on sub-tropical fruits as a 
r esult of Mediterranean fruit fly 
eradication program 287 

SAELHOF, C. see Sokoloff 128 
SCALE 

weather factors and citrus insect 
populations (Pratt) 87 

SEEDBED 
disease control, celery (Cox) 242 
fumigants for vegetable 

(Overman, Burgis) 250 
SEEDING 

and fertilizer rates for potatoes 
(McCubbin) 259 

SHARPE, R. H. see Jalil 324 
SHOWALTER, R. K. and 

THOMPSON, B. D. 
Vacuum_ cooling of Florida vegetables 

(illus.) 132 
SINGLETON, G. 

Sectionizing Marsh seedless grapefruit 152 
SITES, J. W. see Wenzel 170 
SMILEY, N. . 

Future of Florida minor tropical fruit 
industry in doubt 275 

SMITH. C. N. 
Florida flower and nursery industry 

(illus.) 380 
SMITH, D. 

Palm Society 366 
SMITH. P. F. 

Effect of phosphate fertilization on 
root growth, soil pH, and chemical 
constituents at different depths in 
an acid sandy Florida citrus soil 
(illus.) 25 

SOIL 
effect of parathion on corms 

(Kelsheimer) 403 
longtime avocado culture , effect 

(Malcolm) 313 
muck, spinach on (Hooper) 261 
phosphate effect on citrus roots at 

various depths (Smith) 25 
phosphorus downward movement 

(Spinks, Pritchett) 385 

SOK.OLOFF. B., CHAMELIN. I •• 
BISKIND. M., MARTIN, W. C .. 
SAELHOF, C .. KATO. S. and 
ESPINAL. H. 
Citrus Vitamin P (illus.) 128 

SOULE. M. J. Jr .. and HARDING. P. L. 
Changes in physical characters and 

chemical constituents of Haden 
mangos during ripening at 80 °F . 
(illus.) 282 

SOUTHERN PEAS 
breeding objectives (Lorz) 210 
for freezing (Montelaro) 216 
.consumer preference (Hoover) 213 
insect problems (Wilson, Genung) 217 
variety tests (Halsey) 255 

SOWELL. G. Jr. 
Cucumber fungicides for the West 

Coast of Florida (illus.) 230 
Assay of streptomycin as it relates to 
· the control of bacterial spot (illus.) 244 

SPINACH 
for processing, on muck soils (Hooper) 261 

SPINKS. D. O. and PRITCHETT. W. L. 
Downward movement of phosphorus 

in potting soils as measured by 
P32 (illus.) 385 

SPREADING DECLINE see tristeza 
STATE PLANT BOARD 

nursery law (Frierson) 370 
STEM PITTING 

on grapefruit (Knorr, Price) 65 
STENSTROM. E. C. and 

WESTBROOK. G. F. 
Study of the degrees Brix and Brix

acid ratios of grapefruit utilized by 
Florida citrus processors for the 
seasons 1952-53 through 1955-56 
<illus.) 1 rn 

STEWART. I. see Leonard 72 
STORAGE 

pectin and other chemical changes in 
42° Brix orange juice. IL 
<Rouse, Atkins, Moore) 145 

physical changes and cloud retention 
in 42° Brix orange juice. I. 
<Moore, Rouse, Atkins) 176 

sweet potatoes, quality of frozen 
(Hoover, Nettles) 142 

STRAWBERRY 
influence of nitrogen, phosphorus, 

potash, lime (Dennison. Hall) 224 
manganese deficiency (Ha·u, Dennison) 228 

STREPTOMYCIN 
bacterial spot control (Sowell) 244 

SUB-TROPICAL FRUIT 
Mediterranean fruit fly; study on 

<Ruehle) 287 
program (Campbell) 272 

SULFUR 
pole bean rust control (Conover) 247 

SUTTON, N. E. 
Observations on lime and avocado 

grove cultural and maintenance 
practices in Dade County 274 

SWANK. G. R. see Laudani 191 



SWEET POTATO 
variety and quality of frozen 

(Hoover, Nettles) 142 
TANGELO 

pollination <Mustard, Lynch, Nelson) 277 
TANGERINE 

reducing losses in harvesting 
<Grierson) 165 

TARJAN, A. C. 
Possibility of mechanical transmission 

of nematodes in citrus groves 
(illus.) 34 

- TENNY, L. s. Honorary membership 15 
THOMPSON, B. D. see Showalter 132 
THOMPSON, W. L., KING. J. R. and 

DESZYCK, E. J. 
Progress report on greasy spot and 

its control (illus.) 98 
TING. S. V. see Deszyck 68 
TOMATO 

blossom-end rot , control evaluation 
(Geraldson) 236 

gray mold control (Cox, Hayslip) 235 
herbicides, progress report <Noonan) 204 

TRISTEZA 
aphid transmission (Norman, Grant) 38 
burrowing nematode, physiologic races 

(DuCharme, Birchfield) 42 
injury and tree loss; citrus (Cohen) 19 

TROPICAL FRUIT 
in Central America (Popenoe) 267 
industry, future of (Smiley) 275 
Rare Fruit Council (Whitman) 297 

VEGETABLE 
frozen, distribution and handling 

(Lorant) 185 
fumigation rates, application and 

planting dates <Burgis, Overman) 207 
vacuum cooling 

(Showalter, Thompson) 132 
VELDHUIS, M. K. see Bissett 109 
VIRUS 

ring spot, Peperomia (Corbett) 357 

VITAMIN 
P, citrus (Sokoloff et au 128 

WEATHER 
and citrus scale insect populations 

<PrattJ 87 

WENZEL. F. W .. HUGGART, R. L., 
MOORE. E. L .. SITES, J. W .. 
DESZYCK. E. J .. BARRON. R. W .. 
OLSEN. R. W .. ROUSE, A.H .. and 
ATKINS, C. D. 
Quality of canned grapefruit sections 

from plots fertilized with varying 
amou1;ts of potash (illus.) 170 

and MOORE. E. L. 
Increased utilization of grapefruit 

through improvement in quality of 
processed products (illus .) 79 

WEST, E. and MILLER, H. N. 
Notes on philodendron hybrids 

(illus.) 343 

WESTBROOK, G. F. see Stenstrom 113 

WHITMAN. W. F. 
Rare Fruit Council activities (illus.) 297 

WHITNER, B. F. Jr. 
Progress report on cantaloupe 

varieties 195 

WILSON. J. W. and GENUNG, W. G. 
Insect problems in the production of 

southern peas (cowpeas). (illus.) 217 

WITTER, L. D. 
Diacetyl production in orange juice 

by organisms grown in a continuous 
culture system (illus.) 120 

WOLTZ. S.S. 
Fertilization of gladiolus (illus.) 347 
Studies on the nutritional require-

ments of chrysanthemums (illus.) 352 

YEOMANS. A. H. see Laudani 191 

YOUNG, T. W. 
Response of lychees to girdling (illus.) 305 
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