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CONVERSION FACTORS FOR ENGLISH AND METRIC UNITS 

  

  

100° 212° 

To convert To convert 

column 1 column 2 
into column 2, into column 1 

multiply by Column 1 Column 2 multiply by 

LENGTH 

0.621 kilometer, km mile, mi 1.609 

1.094 meter, m yard, yd 0.914 
0.394 centimeter, cm inch, in 2.54 

AREA 

0.386 kilometer?, km? mile?, mi? 2.590 

247.1 kilometer?, km? acre, acre 0.00405 
2.471 hectare, ha acre, acre 0.405 

VOLUME 

0.00973 meter, m® acre-inch 102.8 
3.532 hectoliter, hl cubic foot, ft? 0.2832 
2.838 hectoliter, hl bushel, bu 0.352 
0.0284 liter bushel, bu 35.24 
1.057 liter quart (liquid), qt 0.946 

MASS 

1.102 ton (metric) ton (English) 0.9072 
2.205 quintal, q hundredweight, 0.454 

cwt (short) 
2.205 kilogram, kg pound, lb 0.454 
0.035 gram, g ounce (avdp), oz 28.35 

PRESSURE 

14.22 kg/cm? Ib/inch?, psi 0.0703 
0.9678 kg/cm? atmospheres, atm 1.033 
0.9869 bar atmospheres, atm 1.013 

YIELD OR RATE 

0.446 ton (metric)/hectare ton (English)/acre 2.240 

0.892 kg/ha lb/acre 1.12 
0.892 quintal/hectare hundredweight/acre 1.12 
0.87 hectoliter/ha, hl/ha bu/acre 1.15 

TEMPERATURE 

Celsius, C Fahrenheit, F 5 9 af ? ; or? — (°F —32) 

20° 68° 
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DEDICATION 
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NATHAN GAMMON, JR. 

Nathan Gammon, Jr., was born June 22, 1914, in 
Cheyenne, Wyoming. His early childhood was spent in 
Helena, Montana, and his teenage years in Washing- 
ton, D.C. 

He majored in chemistry at the University of Mary- 
land and was awarded a Bachelor of Science degree in 
1936. Following graduation, he worked for two years 
as an Assistant in Agronomy (Chemist) at the Uni- 
versity of Maryland and was awarded a Master of Sci- 
ence in the area of soil chemistry in 1939. 

In the summer of 1938, he went to the Ohio Agri- 
cultural Experiment Station at Wooster, Ohio, as a 
halftime Assistant in Corn Investigations and gradu- 
ate student at Ohio State University. He was awarded 
the Doctor of Philosophy degree from that institution 
in 1941 with a major in soils and minors in chemistry 
and plant physiology. 

After one more year of full-time research at Wooster, 
he was commissioned an Ensign in the United States 
Naval Reserve and served on active duty in the Bureau 
of Ordnance, Pyrotechnic Section, until released from 

active duty as a Lieutenant, senior grade in December, 

1945. While on active duty in the Washington, D.C. 
area, he took advantage of the opportunity to take post- 
doctorate courses in the U.S.D.A. Graduate School. 

Dr. Gammon joined the University of Florida staff 
in January of 1946 as Soil Chemist and Professor of 
Soils, a position in which he was held in high regard 
until his retirement as Professor Emeritus in 1979, 

His research career may best be described as a love 
for the scientific with a close eye for the practical. 
Some of his early studies on the potassium require- 
ments for white clover and other legumes led to co- 
operative studies with Dr. Wm. G. Blue which changed 
the 0-14-14 fertilizer recommendations for legume 
pasture to 0-10-20 and 0-10-30 ratios that more nearly 
meet the plant requirements. He worked with Dr. 
Gaylord M. Volk in establishing the need for nitrate 
nitrogen for potatoes, supplied either as fertilizer or 
by soil pH adjustment that would insure rapid nitrate 
production from ammoniacal forms of nitrogen. Dr. 
Volk was again his coworker in a study of molybdenum 
deficiency of cauliflower and other crops. 

Dr. Gammon has always had an eye for beauty, 
hence one of his first publications from Gainesville 
was on the effect of pH on camellia growth; his last 
was on a nutritional problem associated with rose root- 
stocks. Likewise, his feeling that agriculture should care 
for the “inner man” intensified his nutritional studies 
on pecans, peaches, and other fruits. His many publica- 
tions in the area, as well as an intense personal interest, 

have made him a recognized national authority in the 
area of pecan nutrition. ‘The Florida and the South- 
eastern Pecan Growers Associations count him as an 
active member. 

During the 1970’s, he taught an undergraduate 
course in soil chemistry and a graduate course in micro- 
nutrients. He also directed students in a number of 
Master and Doctor of Philosophy programs. His teach- 
ing was characterized by stressing the relationship of 
scientific truths to practical results and an insistence 
on truth and accuracy always administered with kind- 
ness and compassion. 

While serving as President of the Soil and Crop 
Science Society of Florida, Dr. Gammon appointed the 
first editor of the Proceedings. ‘This new appointment 
resulted in the publication of the 1953 Proceedings on 
time and the publication of all back issues within the 
next two years. 

Dr. Gammon was elected a Fellow of the American 
Association for the Advancement of Science in 1940. 
He was honored in 1953 by best paper awards in both 
the Soil Science Society of Florida and the Florida 
State Horticultural Society. In addition to these three 
societies, he was also a member of the American Chem- 
ical Society, the American Society of Agronomy, the 
Soil Science Society of America, and the University of 
Florida Athenaeum Club. A number of research and 
professional societies also elected him to membership 
including Sigma Xi, Alpha Chi Sigma, Phi Lambda 
Upsilon, Gamma Alpha, Phi Epsilon Phi, and Gamma 
Sigma Delta. 

The Soil and Crop Science Society of Florida, in 
recognition of his many contributions to soil and plant 
science in Florida, both in teaching and research, as 
well as his many years of service to the Society as an 
active member and as Associate Editor of the Proceed- 
ings, is pleased to dedicate Volume 39 of its Proceed- 
ings to Dr. Nathan Gammon, Jr.
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  ers a 

GorDON BEVERLY KILLINGER 

In recognition of his many contributions to agri- 
culture and to the success of this Society, Gordon 
Beverly Killinger has been selected to honorary life- 
time membership in the Soil and Crop Science Society 
of Florida. 

Dr. Killinger was born December 31, 1908, at Elliot, 
Iowa. He earned his Bachelor of Science degree in 
1930, his Master of Science degree in 1931, and the 
Doctor of Philosophy degree in 1933. All degrees were 
awarded by Iowa State University. The major for his 
terminal degree was Soil Fertility and the minors were 
Chemistry and Soil Bacteriology. After completion of 
his formal education, Dr. Killinger was employed by 
Federal Land Bank of Omaha. In 1934, he joined the 
Soil Conservation Service at Mankato, Kansas and 
completed the first soil erosion and land use maps of 
Kansas and South Dakota. 

In 1936, Dr. Killinger joined the faculty of Clemson 
College, where he developed and taught the first pas- 
tures course offered at that institution. He also taught 
other courses in forage and cover crops. He came to the 
University of Florida in 1941 where he served as Agron- 
omist and Professor of Agronomy until his retirement 
in 1975. 

A large portion of Dr. Killinger’s professional career 

was spent in the development of improved pastures. 
His influence on pasture improvement in the South has 
been considerable and he has numerous publications 
on related subjects. He was a member of the teams that 
developed and released Pangolagrass and Pensacola 
Bahiagrass, which currently account for more than 3 
million acres of pasture in the southern United States. 
He made significant contributions to forage improve- 
ment through the breeding and release of Argentine 
bahiagrass and Floranna White sweetclover. 

From 1955 to 1957, Dr. Killinger served as Agron- 
omy Advisor and developed a pasture and forage pro- 
gram in Costa Rica, under a Florida ICA-STICA con- 
tract. In this program, he helped introduce Pangola- 
grass and Coastal bermudagrass along with Louisiana 
white and Kenland redclover, which became popular 
forages in that country. For his contributions to that 
country’s agriculture, Dr. Killinger received a Costa 
Rican award for outstanding research and deyelop- 
ment, 

Returning to the University of Florida in 1957, Dr. 
Killinger was appointed to serve on the Southern 
Regional Technical Committee for new crops. Most of 
the remainder of his active research career was spent 
in evaluating new crop plants. 

Dr. Killinger made significant contributions in the 
area of agronomic instruction. In addition to organiz- 
ing and teaching courses at Clemson University, he 
taught the course in Pasture Science at the University 
of Florida. The pattern of instruction that he devel- 
oped was adopted by subsequent teachers of that 
course. Dr. Killinger directed the graduate programs 
of three doctoral students in Agronomy, as well as four 
students in a Master of Science program. 

Many awards have been bestowed upon Dr. 
Killinger for his numerous contributions, and he has 
served in many professional organizations. He was 
elected a Fellow in the American Society of Agronomy 
in 1962. He served as President of the Southern Branch 
of the American Society of Agronomy in 1966, as well 
as President of the Soil and Crop Science Society of 
Florida in 1967. In recognition of his service to agri- 
culture, this Society dedicated their Proceedings, Vol- 
ume 38, to him in 1978. Dr. Killinger was also Chair- 
man of the Southern Pasture and Forage Conference in 
1958. He has held membership in the American Society 
of Agronomy, Crop Science Society of America, Soil 
and Crop Science Society of Florida, and Southern 
Agronomy Workers Association, as well as Sigma Xi, 
Gamma Sigma Delta, and Alpha Zeta. 

Well-known nationally and internationally, Dr. 
Killinger has responded generously to the demands 
placed on him. He enjoys an outstanding reputation as 
a pasture scientist. 

For his many contributions to the improvement of 
forage and pasture production as well as his service to 
this Society, the membership of the Soil and Crop Sci- 
ence Society of Florida is pleased to elect Dr. Gordon 
B. Killinger as honorary life member.



SYMPOSIUM 
Native Range Land, 

A Low Energy Grassland Resource 

Lewis L. YARLETT! 

The United States, with only 6 percent of the 
world’s population, uses over one-third of the world’s 
energy. One-hundred percent of the U.S. population 
has, through the media of radio, tv, and the press, 
been informed of the fossil fuel energy crisis. Grassland 
agriculture in Florida has for the past decades utilized 
abundant, inexpensive energy for the production of 
livestock forage. The major percentage of production 
has come from improved pasture programs, which has 
required large inputs of both fossil fuels and labor. 
Increased recognition of proper use and management 
of the native range resource can materially reduce the 
amount of energy required by the Florida cattle in- 
dustry. 

Range management is both an art and a science 
founded on ecological principles. It deals with the 
management of native grasslands and understory vege- 
tation on grazeable forestland. A basic factor in range 
ecology is plant succession, the process by which plants 
succeed other plants. Cattle are very selective grazers. 
The most palatable grasses are those that are readily 
selected and are replaced by less desirable species. ‘The 
key that controls the process is the rancher or manager 
who knows his vegetation and can manage these re- 
sources. 

Range forage is a combination of native species in- 
cluding grasses, grass-likes, legumes, and other forbs. 
In one sense of the word it is a crop. It is a crop that 
can be successfully grown. Range forage can be suc- 
cessfully managed. Harvesting is no problem. Cattle 
can efficiently and economically harvest range forage. 
The growing, management, and harvesting can be done 
with the lowest possible input of energy of any grass- 
land enterprize. 

Beginning with the Arab boycott early in 1974, 
shortages of fossil fuel energy were felt by all segments 
of our economy. The availability of fossil fuels in the 
future will be critical. Agriculture has been indicated 
as one industry likely to receive some priority for 
needed food production. 

Current beef production in Florida during the past 
25 to 30 years has used high inputs of fossil fuel. Large 
acreages of native range were converted to pasture and 
maintained. Many pastures in south Florida were de- 
signed for irrigation and water control. In the not too 
distant future water for pasture irrigation may be pro- 
hibitive due both to cost as well as legislatively estab- 
lished priorities. Many warnings have been issued of a 
serious water quality problem and shortage in several 
areas in south Florida. 

Any present-day attempt to analyze the exact energy 
cost of a grassland management program, either pasture 

or range, is likely to be outdated within weeks. It is 
difficult to gather the required data, prepare a sum- 
mary, and publish before the entire price structure 
changes. 

1Biologist, Range Ecosystem Management, School of Forest 
Resources and Conservation, Institute of Food and Agricultural 
Sciences, University of Florida, Gainesville, Florida. 

In 1973 gasoline cost approximately $0.40/gal 
($0.11/liter) and diesel fuel $0.20 to 0.25/gal ($0.06/ 
liter). Converting flatwoods range to irrigated pasture 
cost approximately $60 to 70/acre ($150 to 170/ha) in 
1973 with an annual operating expense of about $10/ 
acre ($25/ha) (Hipp, 1974). Present day prices indicate 

establishment costs of $200/acre ($500/ha) or more. 
The 1978 cost of a complete 16” x 1300’ (40 cm x 400 
m) well was $35,000.? 

Unfortunately, the bottom line is that production 
of forage from improved pastures remains at very much 
the same level in 1980 as it was in 1973. Production 
and maintenance costs mandate that a low energy 
grassland program circumvent the use of fertilized grass 
to produce hay or to maintain brood cows on pastures. 
From an economic as well as from a physiological 
standpoint, improved pastures have only a specific use. 
Pastures are best utilized as a breeding ground and to 
produce beef and not to maintain the cow. 

The range resource is easily managed and a logical 
alternative for the development of a low energy grass- 
land program in Florida. It has been estimated that 
8.4 to over 12 million acres (3.4 to 4.8 million hectares) 
have the potential for management to produce forage 
for livestock and improved wildlife habitat. This in- 
cludes range, commercial, and non-commercial forest 
lands. A basic fact must be recognized. Experiences of 
commercial producers indicate that coordinated pro- 
grams utilizing both pastures and range resources are 
successful. 

Many species of grasses, grasslikes, legumes, and 
other forbs are present and are able to withstand ex- 
tremes of wet and dry. The extremes of heat and cold 
induce only natural functions of plant growth. Insects 
and disease are practically unknown to curb growth or 
production. Depending upon the degree of manage- 
ment applied, production of a native forage resource 
is variable. Unmanaged flatwoods in poor condition 
produce 600 to 1200 pounds of forage per acre (670 to 
1,340 kg/ha), useable for 6 to 8 weeks (White, 1973). 

This has been commonly termed “wiregrass manage- 
ment.’ On the other side of the ledger, with planned 
management, 2,000 to 8,000 pounds of air dry forage 
per acre (2,240 to 9,000 kg/ha) is available for utiliza- 

tion over a period of 6 to 9 months. Successful pro- 
ducers, utilizing both pastures and range with a 

planned grazing system, average 4 to 6 months on 
range and 6 to 8 months on pasture. Four thousand 
pounds per acre (4,500 kg/ha) green weight of creep- 
ing bluestem (Schizachyrium  stoloniferwm Nash) 
has been produced in an 11-month period on ranches 
where palmetto was being mechanically controlled 
(Yarlett, 1965). An additional 1,500 pounds per acre 
(1,700 kg/ha) was produced by other desirable species. 
Current research at the Ona Research Center indicates 
creeping bluestem as a major species following pal- 
metto control, and comparable levels of production 
(Kalmbacher, 1979). 

2Personal communication with producers.
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Marsh ranges are the most productive. Production 
from maidencane can be expected to produce as much 
as 8,000 pounds per acre (9,000 kg/ha) air dry. Re- 
search by White (1973) indicated 9,900 pound per 
acre (11,000 kg/ha), air dry following one full growing 
season after several years of heavy grazing. Research 
is continuing on the productive potential of fresh 
marshes dominated by maidencane. 

The comparative energy inputs to manage ranges 
are few compared to those for managing improved 
pastures (Figs. 1 and 2). Many energy costs recur an- 
nually on pasture and require high inputs of fossil 
fuel. Fertilizer production is related to the current 
shortages of natural gas needed to produce basic 
nitrogenous fertilizer material. Many economists have 
predicted a substantial increase in fertilizer costs the 
next three years. 

Energy requirements for range improvement and 
management are not prohibitive in light of present day 
costs. The following preliminary costs were obtained 
from feed producers, ranchers, and contractors. Pal- 

metto control is required on most flatwood ranges to 
obtain maximum production. A D-7 catapiller pulling 
the heavy marden chopper averages 8.7 gals/hr (33 
liters/hr) diesel fuel. At a cost of $1.0/gal ($0.26/liter) 
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Fig. 1.—Comparative energetics of an acre of improved pasture 
for 1973-1979. Unquantified inputs and products are shown in 
white for 1973 and in black for 1979. Forage production remains 
essentially the same with possible slight reductions. (Adopted 
from An Analysis of Cattle Ranching in the Kissimmee River 
Basin. Ecoimpact Inc. 1976.) 

N = Natural Forcing Function E = External Forcing Function 
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Fig. 2.-Comparative energetics of an acre of native range. 
Unquantified inputs and products are shown in white for 1973 
and black for 1979. (Adapted from: An Analysis of Cattle 
Ranching in the Kissimmee River Basin. Ecoimpact Inc. 1976.) 

this amounts to $3.48/acre ($8.60/ha) for fuel. This 
cost will amortize at $0.71 per acre ($1.75/ha) over a 
period of seven years at 10 percent interest. A web 
plow, with a lower fuel consumption of 8 gals/hr (30 
liters/hr) and covering 30 acres (12 ha) per 8 hour day 
is reported to cost slightly less. 

Supplementation is essential for the utilization of 
native range forage (Terry, 1979). A 32% protein 
liquid supplement with urea sold for $135/ton ($150/ 
metric ton) in December 1979. Average consumption 
per 1,000 pound (450 kg) brood cow is estimated at 
2 Ib/day (0.91 kg). Supplementation for a 180-day 
grazing period, October | to April 1, on bluestem range 
equals a cost of $24 per cow. Supplementation may 
well be the most profitable outlay in a range program 
to utilize the high volume of forage produced from 
well-managed ranges. 

‘There are benefits to be obtained from a combina- 
tion range management-pasture program. Recovery 
and growth of native species is fast. Results from man- 
aging flatwood and marsh ranges can be expected in 
12 months. One high-producing commercial operation 
initiated such a program in 1958—21 years ago. An- 
other began in 1963 and has operated successfully since 
then. There are others, both large and small, that have 
initiated programs using a minimum acreage of pasture 
for breeding grounds and growing the calf up to 
market age and weight. Other benefits may be listed as 
follows: 

(a) Contributes to higher conception rates when 
cows are moved from range to green pasture in 
the spring. 

(b) Range experience and research indicates a 
longer life span for brood cows. 

(c) Pasture rotations with rests of 30 days or more 
break the life cycle of some species of parasites. 

(d) Good quality range is ideal for dry cows. 
(e) Good range provides for emergency forage dur- 

ing extreme wet or dry periods. 
(f) Increased benefits from wildlife—especially quail 

and turkey. 
(g) Labor costs are lower on high quality ranges. 
(h) Energy costs are reduced. 

SUMMARY 

Large inputs of energy have been profitable in the 
past, since improved pasture techniques and practices 
were developed and recommended under low energy 
costs of yseterday prices. Production of forages with a 
minimum input of energy is now essential. Present 
realities appear to preclude continued neglect of 
“underrated” range resources. ‘The economics of energy 
appear to dictate that ranching in Florida be brought 
into balance with low-energy production methods. The 
cattle cycle appears to operate on a seven year cycle 
with highs and lows of both numbers and prices. High 
producing ranges will fit any place in that seven year 
cycle. 

Ranchers with a high percent of their land in im- 
proved pastures have narrowed their flexibility and 
now depend on energy subsidies, and the relationships 
between energy and fertilizer costs will have drastic 
repercussions on cattlemen who maintain improved 
pasture. Cattlemen now contemplating the conversion 
of more native range to improved pasture would be
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well advised to consider the future costs of fertilizers, 
equipment, fuel, and labor compared to benefits from 
well managed and productive ranges. 
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The Role of Improved Forage Crops in Livestock Systems’ 

O. CHARLES RUELKE? 

What has happened to land use and what can we 
anticipate in the near future? From data published in 
Agricultural Statistics 1978 (9), grassland pastures in 
the United States decreased from 633 million acres in 
1959 to 598 million in 1974, while cropland used for 
pasture increased from 66 million acres to 83 million 
acres in the same period of time. Since then, data 
gathered for the AGUA Report (8) in 1974, and pro- 
jected for 1985, indicated that total acreage of grass- 
lands of Florida would decrease by four percent. The 
greatest decrease would be in range pastures and wood- 
land pastures, while improved pastures were expected 
to increase by 10 percent. Land area used for improved 
pastures in Florida was estimated at 3.1 million acres 
in 1974 and is projected to increase to 3.4 million by 
1985 (8). Land use for production of hay and silage 
was expected to increase 20 and 83 percent respectively, 
by 1985. According to the best information available, 

Florida is well along the way toward fulfilling these 
projections. 

How important are forages in livestock systems? 
The value of cattle and calves on farms and ranches of 
the U.S. on January 1, 1979, went up to $44.7 billion, 
65% greater than a year earlier (10). In Florida, dur- 
ing 1978, 26.3% of total agricultural sales was from 
livestock and livestock products (10). Because forages 
make up a major part of the feed requirements of live- 
stock, the value of forages was estimated to exceed 
$428.7 million in Florida during 1978. 

What are improved forage crops and where do they 
originate? Examples of improved forage crops date 
back to the introduction of Dutch White Clover by the 
early colonists from Europe in the 1600’s. Since then 
common bermudagrass from India, common bahiagrass 
from Cuba, digitgrass and limpograss from Africa, as 
well as many tropical legumes from Central and South 
America and other tropical areas, are examples of 
introduced improved forage species. However, from 
these introductions a considerable amount of testing, 

breeding, selection, hybridization and evaluation has 
been necessary to find species which were adapted to 

1Symposium presentation at Joint Session of Florida Chapter 
American Society of Range Management and Soil & Crop Science 
Society of Florida 39th Annual Meeting, October 2, 1979, at the 
Brevard Agricultural Center, 1125 W. King Street (SR 520), 
Cocoa, Florida. 

2Professor of Agronomy, Department of Agronomy, University 
of Florida, Gainesville, Florida 32611. 

the widely variable environments found in the USA 
and especially in Florida. Production and performance 
data at various locations can be obtained from State 
Agricultural Experiment Station Reports (3) and have 
contributed significantly to the selection of the best 
adapted species and cultivars. Because of the great 
diversity of climate and soils in Florida, species suited 
to one location may not be suitable to another. Specif- 
ically, climate in North and Northwest Florida may be 
characterized as temperate as a result of the cold fronts 
and frequent periods when temperatures may remain 
below freezing for more than a day at a time. Likewise, 
many areas along the lower East and West coast of 
Florida have more sub-tropical climate where frost may 
not occur for periods of years. 

Rainfall may vary from less than 40 inches per year 
to over 60 inches per year with North and South Flor- 
ida having generally more rainfall, and Central Florida 
less rainfall. 

Soils of Florida also vary from the most productive 
organic muck soils to almost completely sterile beach 
sand. Obviously, the species and varieties of improved 
forages will greatly differ from one location to another. 

What then are the basic criteria necessary for select- 
ing improved forage species and cultivars for a specific 
location? Probably temperature, extremes and dura- 
tions, should be considered first in selecting improved 
forages species for an area because they have a com- 
manding effect on the production and quality of 
forage. Because there is little we can do to control the 
temperature, we must resort to species which perform 
best under the prevailing temperatures. 

Within any location in an area, moisture is prob- 
ably our second consideration. Although we cannot 
stop rainfall we can add water by irrigation, if an 
adequate supply of water is available. 

Likewise, soil fertility ranks next in importance in 
selecting an improved forage species for a specific site. 
Fortunately, as a result of soil testing and previous ex- 
perience, it is possible to determine if and what soil 
amendments can and must be used in order to estab- 
lish a specific improved forage crop. For example, 
alfalfa and sweetclover require a pH range of 6.5-7.0 
and a minimal CaO and MgO of 1200 and 100 Ibs/A 
(1344 and 112 kg/ha) respectively, while true clovers 
require pH 6.0-7.0 with CaO and MgO levels of 900 
and 100 Ibs/A (1008 and 112 kg/ha) respectively. 
Forage grasses require pH 5.5-6.5 with CaO and MgO
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levels of 600 and 100 Ibs/A (672 and 112 kg/ha) re- 
spectively (11). Medium levels of P,O; and K,O re- 
quired for improved forages on sandy soils of Florida 
range from 81-140 Ibs/A (91-157 kg/ha) and 91-150 
Ibs/A (102-168 kg/ha) respectively (12). 

Will it pay to establish and produce improved for- 
ages? Numerous studies throughout the USA have re- 
searched this question. In Florida, the results from two 
major independent studies (4, 5, 6, and 7) have shown 
that improved grass-clover pastures greatly increased 
the percentage calf crop, percentage of calves weaned, 
calf weaning weights, calf grades, price per pound, 
pounds of calf weight per cow and pounds of calf per 
acre over that produced as straight grass alone or on 
present native vegetation. As population increases, 
natural grassland acreages decrease and taxation con- 
tinues to increase, it will be necessary to shift from an 
extensive to a more intensive type of land use and man- 
agement. Although costs of inputs continue to increase 
on both unimproved and improved grasslands, in- 
creased pressure from land use and increased return 
per dollar invested in improvement will most likely 
come from the improved forages. 

What basic principles should be observed in man- 
agement of improved forage crops? The management 
we apply to improved forages differs with the species, 
growth habit, and stage of growth. Generally, grasses 
like bahiagrass, carpetgrass, St. Augustine grass, and 
legumes like white clover and subclover can be con- 
tinuously close grazed or harvested in order to get the 
major portion of the forage available without severe 
reduction in regrowth or stands. Grasses such as cool 
season cereals (like oats or rye), warm season annuals 
(like pearl millet and sorghums), and some perennial 
erect tall growth grasses (like limpograss or napier- 
grass), must be allowed to acumulate substantial 
amounts of topgrowth before grazed or harvested fol- 
lowed by a sufficient rest period for regrowth. For these 
species, and many of the erect winter and summer 
legumes, rotational grazing is required in order to 
achieve full yield potential and satisfactory persistence. 
Deferring grazing, or harvesting, is extremely impor- 
tant while new plantings are getting established as well 
as being a means of stockpiling forage during periods 
of abundance (such as during the late summer), for 
periods of shortages during the fall and early winter. 
High quality forage like rye, ryegrass, or clover can be 
used to supplement poor quality frosted bahiagrass or 
native grasses. However, you must plan ahead to supply 
your needs. 

What basic principles should be observed in fer- 
tilization of improved forage crops? Before you estab- 
lish improved forage crops there must be a need for 
the forage. If there is a need for the forage you must 
provide the minimum fertilizer requirement of that 
forage crop. You cannot make something out of noth- 
ing and forage crops cannot produce high yields of 
quality forage without sufficient amounts of the es- 
sential elements. Fertilize forage crops when and where 
the forage is needed. The optimum rate will be deter- 
mined by the dollars in forage value returned per 
dollar spent for fertilizer on a specific species on a 

specific location. Improved forage species are bred and 
selected for increased efficiency in returning more for- 
age per dollar spent for production. When growing 
legumes with grasses one can generally fertilize to favor 
the legume (like clover) and the grass (like bahiagrass) 
will take care of itself. 

What role have improved forages played in the in- 
crease in liveweight gains of forage feed cattle on the 
sandy soils of southeastern USA? In a recent thought- 
provoking article by Burton (2) he pointed out that, in 
1860, cattle on native range averaged 4-8 pounds of 
liveweight gain per acre (4.5-9 kg/ha) per year, while 
in 1930 gains on common bermudagrass were 80 #/A 
(90 kg/ha). In 1970 gains on Coastal bermudagrass 
with 140 #/A (156 kg/ha) of N plus P and K were 
485 #/A/yr (543 kg/ha). Further genetic improve- 
ment resulted in Coastcross-1 bermudagrass which 
with 140 #/A (156 kg/ha) of N plus P and K, pro- 
duced 745 #/A/yr (834 kg/ha) of liveweight gain. 
Today fertilized Coastcross-1 grazed with rye or rye- 
grass grazed has resulted in 1000 #/A/yr (1120 kg/ha) 
gains in tests in Georgia. With a 12-month growing 
season on fertilized organic soils in South Florida, beef 
gains of over 2000 Ibs/A (2290 kg/ha) have been re- 
ported for seven consecutive years (1). 

In the future, with twelve months of the year pro- 
ducing improved forages, supplemented with addi- 
tional sources of feeds which are readily accessable, 
fed to hybrid animals with stimulated appetites, is it 
possible to produce 6000 # (6720 kg/ha) of beef/year 
on one acre of land? 
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Soil Fertility Management for Improved Pastures’ 
WILLIAM G. BLUE? 

ABSTRACT 

Nutrient requirements for intensive forage crop 
production are similar to those for soybean and corn. 
On Florida’s acid, infertile mineral soils, judicious 
liming and micronutrient fertilization should precede 
application of macronutrients because of the potential 
for Al toxicity, Mg deficiency, micronutrient deficien- 
cies, and losses of macronutrients through leaching. 
Forage production and N content of white clover- 
grasses without fertilizer N have been comparable to 
those from perennial grasses fertilized with 224 to 448 
kg of N/ha annually. Beef production from legume- 
grass pastures generally exceeded that from grass pas- 
tures at N rates through 134 kg/ha/year. The po- 
tential for substitution of symbiotically-fixed N by 
legumes for fertilizer N was emphasized. Lime and fer- 
tilizer costs per kg of beef, at current prices, are $0.51 
for the grass and for the legume-grass pasture, less than 
$0.18. For successful production of legume-grass_pas- 
tures, management must be more precise and consistent 
than for grass pasture. Soil acidity must be corrected 
by liming, micronutrient levels must be maintained, 
and P and K must be applied at least annually. 

Additional Index Words: Lime, Micronutrients, 
Nitrogen, Legumes, Fertilizer costs, Beef production, 
White clover, Trifolium repens L. 

Florida’s mineral soils are derived from relatively 
coarse-textured, highly weathered materials. Most of 
the virgin soils are acid and extremely infertile. Toxic 
quantities of soil solution Al may be a problem and 
deficiencies of N, P, and K are common. Calcium, Mg, 
and S, and one or more of the micronutrients—Fe, Mn, 
Zn, Cu, B, and Mo—may be deficient at or soon after 
initiation of cultivation and cropping. 

In considering the potential for production of 
forage and cattle on these soils, one needs to under- 
stand that their productive capacity was very low in the 
virgin condition. Protein, energy, and essential in- 
organic nutrients in forages from these soils were de- 
ficient for cattle. While some of the improved forage 
‘plants, notably some of the grasses, will survive under 
minimal levels of nutrition, intensive forage produc- 
tion requires nutrient levels similar to those required 
by agronomic crops (Table 1). 

For sustained production on most of our mineral 
soils, the soil as a source of nutrients, without lime and 
fertilizers, can almost be ignored. Exceptions are N, S, 
and some of the micronutrients. Small amounts of N 
and S are mineralized from soil organic matter, and 
some of both are brought down by rain from con- 
taminants in the air. Small additional amounts of N 
appear to be fixed by blue-green algae and _hetero- 
trophic microorganisms. Some soils have reasonable 
supplies of micronutrients, but for intensive produc- 

1Florida Agricultural Experiment Stations Journal Series No. 
2249. 

2Professor (Soil Chemistry and Fertility), Soil Science Depart- 
ment, Florida Agricultural Experiment Station, Gainesville, FL 
32611. 

TABLE 1,—NuTRIENT CONTENTS OF SOYBEAN, CORN, AND PENSACOLA 
BAHIAGRASS. 

  

Crop 

Soybeans} Cornt P. bahiagrass§ 
Nutrient (3,020 kg/ha) (9,410 kg/ha) (11,200 kg/ha) 
  

=e Nutrient contents of above-ground portion, kg/ha — 

Nitrogen (N) 448 190 174 
Phosphorus (P) 45 39 26 
Potassium (K) 280 196 112 
Calcium (Ca) 101 40 56 
Magnesium (Mg) 65 44 45 
Sulfur (S) 28 21 34 
Iron (Fe) 2.6 2.1 0.9 
Manganese (Mn) 0.7 0.3 0.2 
Zinc (Zn) 0.4 0.3 0.2 
Copper (Cu) 0.1 0.1 0.1 
Boron (B 0.1 0.2 0.2 
Molybdenum (Mo) 0.01 0.01 0.01 
  

tNitrogen in soybean is obtained primarily by symbiotic fixa- 
tion. Data were taken from Smith, Hutton, and Robertson (1968). 

£Data were taken from Barber and Olson (1968). 
§Data were taken from Blue (1971). 

tion systems, these usually require supplementation. 
By far the largest quantities of nutrients must be sup- 
plied through lime and fertilizers. 

The costs of these nutrients have increased mark- 
edly in the 1970’s as a consequence of increased energy 
costs. Current costs of fertilizers necessary to supply the 
nutrients in Pensacola bahiagrass (Paspalum notatum 
Flugge) forage at a production level of 11.2 metric 
tons/ha (5 tons/acre) are shown in Table 2. Nutrient 
contents were determined in harvested forages. Nutri- 
ent requirements of other improved grasses do not vary 
appreciably from those for bahiagrass. Because ade- 
quate lime of the correct kind to maintain the opti- 
mum pH and Ca and Mg balance is relatively inex- 
pensive compared with the macronutrients—N, P, and 
K—correct liming must have the highest priority. The 

TABLE 2.—NUTRIENT CONTENTS OF PENSACOLA BAHIAGRASS AND 
COSTS OF LIME AND FERTILIZERS REQUIRED TO SUPPLY THESE NUTRIENTS. 

  

  

Nutrient Quantity} Cost} 

kg/ha $/ha 
Nitrogen 174 124 
Phosphorus 26 30 
Potassium 112 30 
Calcium 56 ) 
Magnesium 45 § TA 
Sulfur 34 a 
Iron 0.9 
Manganese 0.2 
Zinc 0.2 
Copper 0.1 2.5 
Boron 0.2 
Molybdenum 0.01 

  

+Based on 11.2 metric tons/ha (5 tons/acre) oven-dry forage 
yield. Fertilizer nutrients required exceed plant contents because 
of nutrient leaching and other loss mechanisms. Prices were 
calculated on basis of USDA Publication FS9, 1979 Fertilizer 
Situation, Oct. 15, 1978. These prices will depend on fertilizer 
formulation, quantity purchased, and other services provided by 
the fertilizer dealer.
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cost of micronutrients is also relatively small and these 

should be applied initially to correct potential deficien- 

cies. 

FERTILIZER N FOR GRASS PASTURE 

Nitrogen, which is required in largest quantity and 

at highest cost, is the driving force for forage produc- 

tion. Requirements for other nutrients are propor- 

tional to the supply of N. Pensacola bahiagrass forage 

production in response to rates of fertilizer N on a 

Spodosol (poorly drained flatwoods soil) and an 

‘Entisol (well-drained, deep sandy soil) are shown in 

Fig. 1. Growth response was linear through the 224 

kg/ha N rate on both soils. The data should apply well 

to soil-plant systems where hay is harvested. There is 

some recycling of all nutrients under grazing, but the 

magnitude of N reutilization has not been established. 

Total forage production from the Spodosol varied 

from 120 kg/ha for each kg of N at the current average 

N fertilization rate of 45 kg/ha/year to 34 kg for each 

ke of N at the 448-kg/ha N rate. Dry matter for each 

kg of N from the Entisol varied from 77 to 28 kg for 

N rates from 0 to 448 kg/ha/year (Table 3). The 

seasonal distribution of grass forage production varies 

in different parts of the state due to temperature varia- 

tions and soil types, particularly as related to moisture 

supply. Thus, grass forage production will occur over 
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Fig. 1—Growth Response of Pensacola bahiagrass to fertilizer 
nitrogen on a Spodosol (poorly drained flatwoods) and on an 
Entisol (well-drained ridge). 

TABLE 3.—PENSACOLA BAHIAGRASS GROWTH RESPONSE TO FERTILIZER 

  

  

NITROGEN. 

N Spodosol Entisol 

applied Forage yields Forage yields 

kg/ha kg/ha  perkgofN kg/ha  perkg of N 

nm 2,950 — 1,530 — 
45 4,780 120 3,080 77 

112 7,290 73 5,170 52 
224 10,790 54 8,030 40 
336 13,430 45 10,100 34 
448 15,220 38 11,390 28 

  

approximately 6 to 8 months on the Spodosol, but 
usually for not more than 4 or 5 months on the Entisol 
due to location in the state and drought conditions in 
the spring. With judicious management, grazing can be 
extended for 2 additional months during the fall for 
both soils by utilizing mature forages. However, some 
supplemental forage—hay or silage—is required to 
maintain animals in suitable condition for reproduc- 
tion and calf growth, both of which are required for 
intensive animal production. 

FORAGE REQUIREMENTS FOR BEEF CATTLE 

Forage and nutrient requirements for cattle vary 
with age and expected performance. However, an 
average value for forage is 9.1 kg/animal/day; the an- 
nual requirement would be 3,320 kg/animal. There is 
some wasted forage from grazing, perhaps as much as 
30% under intensive forage production (Koger et al., 
1961). Thus, 1 ha of grass on the Spodosol fertilized 
with 224 kg of N/year (Table 3) would produce 
enough forage for three animals. Production would be 
substantially less on the Entisol. Even with this level of 
forage production, provision must be made for supple- 
mental grazing or feeding. Data from the Beef Re- 
search Unit, University of Florida, Gainesville indi- 
cate that sufficient corn silage for supplemental feed- 
ing of one animal can be produced on an additional 
0.05 ha (Koger et al., 1970). If the pasture were fer- 
tilized with only 45 kg of N/ha/year, forage produc- 
tion per ha would be substantially less and carrying 
capacity would be reduced accordingly. Furthermore, 
reproduction of cattle was a consistent problem with 
grass pastures on Spodosols at the Beef Research Unit 
(Koger et al., 1961) regardless of fertilization rate even 
though animals were supplemented with protein. 
Forage and animal production under grazing are 
shown for grass pastures on Spodosols at the Beef Re- 
search Unit (Iable 4). Forage production was in- 
creased markedly by fertilization; however, weaning 
percentages were relatively low. Beef (calf) production 
per cow was relatively constant but production per 
acre was increased. Fertilizer costs at present prices are 
high in relation to the value of beef produced. 

LEGUME-GRASS PASTURES 

A viable alternative to grass with N fertilizer is 
legume-grass pasture. Legumes are capable of fixation 
of atmospheric N through symbiosis with Rhizobium 
bacteria. Legumes include those which grow well dur- 
ing the cool season and others which grow during the 

TABLE 4.—PRODUCTION PERFORMANCE OF COWS ON GRASS PASTURES 
ON SPODOSOLS, BEEF RESEARCH UNIT. 

  

  

Poo. Annual , 
Fertilization forage Weaning _Beef production 

N ey K production 5 Perha Per cow 

kg/ha/year key Rabie c ue sea) feet ee koe 

38 9 9 5,220 63 111 120 
76 18 18 7,440 64 151 123 

134 36 36 9,630 66 226 123 
  

+Grasses were Pensacola bahiagrass, Pangola digitgrass (Digi- 
taria decumbens Stent), and Coastal bermudagrass (Cynodon 
dactylon L. Pers.). [Data were take from Koger et al. (1961).]
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warm season. The legume that has been investigated 
most extensively in Florida is white clover (Trifoliwm 
repens L.) in mixture with Pensacola bahiagrass. ‘This 
legume is adapted to the Spodosols because of the fre- 
quent abundance of water and its relatively shallow 
root system. White clover has the capacity to fix a 
large quantity of N, which is used for its growth in late 
winter and early spring. As warm, wet, summer 

weather encroaches, white clover plants usually de- 
teriorate and finally die. With death, the stolons and 

roots which have very high N concentrations are de- 
eraded by other soil microorganisms, and N is min- 
eralized (converted into mineral forms) and used by 
the accompanying warm-season grass. 

The capacity of the white clover-Pensacola bahia- 
grass combination on the Spodosols to fix and utilize 
atmospheric N is illustrated in Table 5. The legume- 
grass combination produced as much forage as the 
grass with 224 ke of N/ha/year, and some of this 
forage was produced in February and March when 
green forage was extremely scarce. Thus, the grazing 
season was extended. The N content of the white 
clover-grass forages was equal to that contained in 
grass alone with a N rate of 448 kg/ha, and some of the 
N “protein” is contained in the February-March clover 
production. The quantities of the forage and protein 
were equal to those produced by grass with an N ap- 
plication rate between 224 and 448 kg/ha/year, with 
a potential savings of $125 to $250/ha/year. Since 
almost no farmer or rancher uses this quantity of fer- 
tilizer N on pastures, it is readily apparent that pro- 
duction is not only more economical with the legume- 
grass sward but that it is far higher than is normally 
achieved from grass alone with fertilizer N. 

To grow the legume, it is best not to over-drain the 

Spodosols. In some areas of central Florida, irrigation 
may be necessary for white clover because winter rains 
are less reliable than in north Florida. The soil pH, 

Ca, and Mg requirements for legumes are generally 
higher than for grasses so more attention must be given 
to liming. The requirements for P and K are also more 
specific, particularly for seedling development, so care 

must be exercised to apply the fertilizer at the proper 
time. This should normally be in November. It should 
be emphasized, however, that the P and K requirements 

of the legume-grass combination under grazing are gen- 
erally no higher than for the grass alone at a high level 
of productivity. Amounts of P and K that must be ap- 
plied with a grazing system are much less than the 
amounts used annually by the plants; utilization ef- 
ficiencies higher than 100% are a consequence of 
nutrient recycling through urine and feces deposited 

TABLE 5.—FoORAGE PRODUCTION AND NITROGEN OF WHITE CLOVER- 
PENSACOLA BAHIAGRASS AND NITROGEN-FERTILIZED PENSACOLA BAHIA- 

GRASS ON A SPODOSOL. 

  

N Oven-dry forage 

Forage species applied = Mar. 15 Total 

Forage N 

Mar. 15 Total 
  

by the cattle. Beef (calf) production from white clover 
and grass is illustrated by data from the Beef Research 
Unit (Table 6). Forage production was approximately 
maximum with only 36 kg of P and 67 kg of K/ha/ 
year. Weaning weights were higher than from grass 
alone (Table 4). 

The same quantities of P and K were applied to 
the grass and to the legume-grass mixture. The grass 
received 134 kg of N/ha/year but none was applied to 
the legume-grass mixture. Beef production per cow was 
substantially higher from the legume-grass than from 
grass alone and beef production per ha was about 50% 
higher than from grass with the highest fertilization 
rate. The savings by eliminating N fertilizer in this 
case would be approximately $59/ha/year. 

SUMMARY AND CONCLUSIONS 

The production of forages and cattle on Florida’s 
mineral soils is a complex and relatively expensive 
business. Price of inorganic nutrients as lime and fer- 
tilizer is a major, but by no means the only, produc- 
tion cost. Forages are produced seasonally and utilized 
principally for grazing; therefore, it is frequently dif- 
ficult to place a value on them. If forage is harvested 
for hay, a market value can be fixed and production 
costs can be calculated. Thus, the data in Table 2 
indicate that 11.2 metric tons of forage can be pro- 
duced with approximately $194 worth of lime and 
fertilizer. Even with some spoilage, the current value 
of hay would indicate that this is likely a profitable 
operation. 

In comparison, we have used fertilizer and beef 
production levels from the Beef Research Unit (Koger 
et al., 1961) to compare grass with white clover-grass 
(Table 7). Nutrient requirements of the two plant 
systems were the same except for fertilizer N which 
was applied to the grass; forage production was the 
same. Because of better distribution of forage and 
higher quality, beef production from the legume-grass 
was 40% higher than that from the grass pastures. 
Lime and fertilizer costs per kg of beef, at current 
prices, are $0.51 for the grass and $0.18 for the legume- 
grass pasture. 

The perennial grasses are more hardy and more 
drought resistant than the annual legumes. Also, dur- 
ing the growing season, grass production can be con- 
trolled by adjusting the nutrient supply, particularly 
the N level. However, in spite of the excellent response 
of grasses to fertilization, the value of the product 
when grazed by cows and calves is frequently only 
marginally profitable. Legumes require more careful 
management and probably are not quite as reliable as 
the grass. Even with some shortcomings, legumes must 

TABLE 6.—PRODUCTION PERFORMANCE OF COWS ON WHITE CLOVER- 
GRASS PASTURES ON SPODOSOLS, BEEF RESEARCH UNIT,} 

  

  

ta, ot MARC al koja) hy Ca eee ae eee 

White clover + 
P. bahiagrass 0 1,990 11,380 71 249 
P. bahiagrass 0 0 3,100 0 34 
P. bahiagrass 112 0 7,350 0 87 
P. bahiagrass 294 0 11,840 0 165 

P. bahiagrass 448 0 15,690 0 255 

  

  

SKI Gs Annual 
Fertilization forage Weaning Beef production 

N P K production % Perha Per cow 

kg/ha/year Kehay 2 store ue eh cea keer 

0 36 36 9,810 85 315 171 
0 72 72 10,150 82 314 156 
  

+Grasses were Pensacola bahiagrass, Pangola digitgrass, and 
Coastal bermudagrass. :
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TABLE 7.—NUTRIENT COSTS AND BEEF PRODUCTION FROM GRASS AND 
WHITE CLOVER-GRASS PASTURES ON A SPODOSOL AT THE BEEF RESEARCH 

  

  

  

  

UNIT. 

Nutrients Nutrients 

Nutrients applied Rate Cost Rate Cost 

kg/ha $/ha 
kg/ha $/ha White 

Grass clover-grass 

N 134 59 0 0 
P 30 30 36 30 
K 30 17 36 17 
Lime? —_ 74 —_— 74 

Micronutrients} — 2.5 —_— 225) 
Total — 115.9 — 56.9 
Forage production, kg/ha 9,630 9,810 
Beef production, kg/ha 226 316 
  

Data were taken from Koger et al. (1961). 
Lime and micronutrients were prorated using 2.24 metric 

tons of dolomitic lime and 28 kg of fritted micronutrients/ha 
applied once per 4 to 5-year interval. 

be included in the forage program if we are to con- 
tinue the trend toward intensified beef production. 
Some fertilizer N will be needed for production of hay 
or silage for winter feeding, but it cannot be the major 
stimulus to forage production. 

RECOMMENDATIONS 

Soil pH should be maintained at approximately 
6.0 by application of calcitic and dolomitic lime to 
maintain the proper balance of Ca and Mg. Soil tests 
through the County Agricultural Extension Agent 
should be used as needed. Micronutrients should also 
be applied if not previously used. A micronutrient frit 
can. be used, or alternatively, salts of Mn, Cu, Zn, Fe, 
Mo, and B. Directions for their use should be followed 
closely to avoid toxicities. For maintenance of a 
sustained production system, N, P, and K should be 

applied in a 4:0.4:1.7 ratio (4:1:2, N:P,0,;:K,O ratio) 
for grasses and a 0:0.4:1.7 ratio (0:1:2, N:P,0;:K,0 
ratio) for legume-grass mixtures. Nitrogen can be ap- 
plied at rates as high as 448 kg/ha/year for grasses for 
intensive hay production; normally the rate will be 
lower, particularly for grazing. A fertilizer with P and 
K in a 0:4:16 ratio at 448 kg/ha/year (0:10:20 at 
448 kg) is satisfactory for legume-grass mixtures. This 
should be applied in the fall for white clover and in 
the spring for summer legumes; a second application 
may be made in the spring for white clover. Nitrogen 
is not recommended for the legumes if the soil is prop- 
erly limed and fertilized, and the legumes are inocu- 
lated. Sulfur should be included annually. A higher 
proportion of P may be needed initially, particularly 
on soils of west Florida where “P fixation’? may be 
relatively severe. 
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Integrating Native Range and Pasture 

E. R. FELTON? 

This paper outlines the range-management pro- 
gram currently being followed by ALICO, Inc., a 
publicly owned corporation. ALICO stock is traded 
over-the-counter. The Company consists of lands for- 
merly owned as a subsidiary of the Atlantic Coastline 
Railroad Company. 

Initial development of the land followed guidelines 
established by making a comprehensive study of land 
types and capabilities. The objective was to develop an 
operation that would best utilize this acreage for 
sustained agricultural production. There evolved a pro- 
gram of cattle, citrus, and timber production which are 
the main businesses of ALICO, Inc. 

In this report, concentration will be on the cattle 
operation which includes a range cow/calf operation 
in southern Florida combining native and improved 

1Vice-President, Citrus and Cattle, ALICO, Inc., LaBelle, 
Florida 33935. 

pastures, and a backgrounding and finishing operation 
in southern Georgia. The range cattle operation is 
located in Hendry County southeast of LaBelle in 
what’s known as the Devil’s Garden area. This area is 
typical of the pine, palmetto, and semiprairie country 
of central and southern Florida. 

Like many ranchers, we went into the cattle busi- 
ness with native cows crossed with purebred Brahman 
bulls. The Brahman cross cows are then bred back to 
English bulls (Hereford and Angus). We then follow 
a criss-cross breeding system where English bulls are 
bred to cows with predominately Brahman character- 
istics, and Brahman bulls are bred to cows with pre- 
dominately English characteristics. This produces an 
animal with a high degree of hybrid vigor that is well 
adapted to south Florida range conditions, and has the 
desirable beef type and fleshing ability to respond well 
to the backgrounding and finishing operation. The 
best quality heifers are kept for herd replacement, and
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the remainder of the heifer and steer calves are shipped 
to our Georgia feedlot. These calves are weaned and 

shipped at 6 to 8 months of age, heifer calves averaging 
160 kg (350 pounds) and steers 204 kg (450 pounds). 

Our pasture program is based on a system that com- 
bines native range and improved pastures in rotational 
grazing; a ratio of 0.4 ha (1 acre) improved pasture 
and 2 ha (5 acres) native range is used per cow/calf 
unit per year. For example, improved pastures are fer- 

tilized in the spring and early summer, and as growth 
starts, the cows with calves are placed on the improved 
pastures where they remain until fall when the calves 
are weaned. Following weaning, the cows are placed on 
native pastures which have been lightly stocked (with 
dry cows) or vacated during the summer growing 
season. This results in a large amount of roughage ac- 
cumulated for grazing during the fall, winter, and into 
the next spring. 

When cows and calves are moved into the improved 
pastures in the spring, the calves are branded, marked, 
vaccinated, dehorned, and castrated; dry cows are sep- 
arated and put back on the native range. This has 
proven to be a good economic practice since forage 
from fertilized pastures is utilized only by the cow and 
calf. Since nutrient requirements of dry cows are con- 
siderably less than those for cows with calves, we are 

able to maintain cows in good condition on the native 
range, 

The main factor that determines when cows are 
rotated from one type pasture to another is weather. 
If we have an early spring with good moisture, we 
fertilize early and move the cows with calves into the 
improved pastures in February or March. During 
springs that are subjected to long dry spells, the cows 
and calves are not moved until May and early June. 
Over a period of years, a cow will average spending 6 
months on improved pasture and 6 months on native 
range. However, with every period of severe weather, 

whether it be flood, drouth or cold, we find ourselves 
depending more on the native range. For example, the 
severe winters of 1957 and 1962 produced unseasonable 
amounts of rain with unusual cold; as a consequence, 

there was virtually no production of forage on the im- 

proved pastures. However, due to reserve roughage in 
the native pastures, we were able to maintain our cattle 
in satisfactory condition. Even in normal winters the 
cool, dry weather causes our Pensacola bahiagrass 
(Paspalum notatum Flugge) and Pangola digitgrass 
(Digitaria decumbens Stent.) to become more or less 
dormant and they become our poorest pastures. This is 
the period when we depend most heavily on the 
roughage provided by the native range. Another reason 
that we consider the native range to be the backbone of 
our cattle business. 

Another critical situation that is helped considera- 
bly by the native-improved pasture system is the strain 
of a low cattle market. The economics of our rotational 
system are far better than we would realize from a 
system of all improved pastures, or one consisting en- 
tirely of native range. 

Our range improvement practices have been very 
encouraging in that we have experienced a tremendous 
increase in forage production. We chop palmetto- 
prairie type range with a Marden chopper during the 
winter and early spring, rest during the spring-summer 
growing season to permit range plant establishment 
and growth, and begin grazing in the fall. This practice 
controls undesirable species and increases growth of 
better forage plants. It has boosted the yield of range 
forage from 1,800 kg/ha (1,600 Ibs/acre) to 6,700 
kg/ha (6,000 lbs/acre) as measured by the Range Con- 
servationist of the Soil Conservation Service. The 
initial chopping will cost about $52/ha ($21/acre) and 
is repeated about every 3 years so that the overall cost 
is $17.30/ha ($7/acre/yr). Even with no fertilizer, we 
have ranges of well-managed creeping bluestem grass 
that are equal in yield to our conservatively fertilized 
improved pastures. 

Control burning every other year helps maintain 
the stand and improves quality of forage on the native 
range. These ranges are supplemented with a free 
choice mixture of minerals, proteins, and vitamins. 

The combination of native range and improved 
pasture in the right ratio to provide the proper stock- 
ing rate has proven to be an economical and efficient 
management system. 

Properties of Representative Peninsular Florida Soils 
Used for Range and Pasture’ 

Victor W. CARLISLE? 

ABSTRACT 

Physical, chemical, and mineralogical properties of 

six soils representative of the six extensively occurring 
soil Orders in Peninsular Florida were determined to 
provide a better understanding of the behavior of these 
soils when used for range and pasture forage produc- 

1Florida Agricultural Experiment Stations Journal Series No. 
2264. This research was partially supported by State Legislative 
appropriations (administered by the Department of Agriculture 
and Consumer Services) and supplemental funds contributed by 
participating counties in support of the Florida Cooperative Soil 
Survey. 

profesor of Soil Science, Soil Science Department, University 
of Florida, Gainesville, FL 32611. 

tion. Particle size distribution of all mineral soils was 
dominated by quartz sand. Water retention values were 
greater in horizons containing enhanced amounts of 
organic C and in argillic horizons. Extractable Ca and 
Mg were low in all mineral soils and high in the or- 
ganic soil. Extractable Na and K were low in all soils. 
Cation exchange capacity was generally highest in sur- 
face horizons which usually contained largest amounts 
of organic C but CEC also increased in the argillic and 
spodic horizons. Surface soil pH was acid in all soils. 
Varying amounts of montmorillonite, 14A intergrades, 
kaolinite, gibbsite, and quartz were identified from 
X-ray diffraction patterns. 

Additional Index Words: Soil characterization, Al- 
fisol, Entisol, Histosol, Inceptisol, Spodosol, Ultisol.
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Most improved pasture in Florida is grazed in com- 
bination with large areas of native range. Ranches are 
large, the most common size being about 1,600 ha 
(Carter, 1978). Fourteen hundred of the larger ranches 
in Peninsular Florida are operating on approximately 
4,200,000 ha. Some animals are kept on improved pas- 
ture continuously, but most of them have access to 

native range during at least part of the year. 
Koger et al. (1961) in a comprehensive study of 

pasture programs reported highest net returns from 
grass-clover pastures that were not irrigated. Similar 
results were reported by Peacock et al. (1975) compar- 
ing native range, native range plus improved grasses, 
and improved grass-clover pastures. Regardless of the 
production systems used, soil characteristics and man- 
agement practices largely determine the relative eco- 
nomic merit of various forage species. 

The objective of this research was to compile soil 
characterization data that would provide a better un- 
derstanding of the behavior of representative Peninsu- 
lar Florida soils when used for range and pasture 
forage production. 

MATERIALS AND METHODS 

Six soils representing six commonly occurring soil 
Orders were sampled from freshly exposed pits at dif- 
ferent geographical locations in Peninsular Florida 
(Fig. 1). All horizons were described and sampled for 
characterization by the Florida Soil Characterization 
Laboratory at Gainesville; however, only laboratory 
results for the major horizons of each pedon are pre- 
sented in this study. In addition to bulk samples, un- 
disturbed 5.4 x 3.0 cm cores were collected from most 
horizons for bulk density, water retaining, and water 
transmitting properties. 

Samples were air-dried, passed through a 2-mm 
aluminum sieve, and thoroughly mixed before pro- 
ceeding with particle size distribution, chemical, and 

mineralogical analyses. Particle size distribution was 
determined by the hydrometer procedure of Bouyoucos 
(1962) modified by determining actual weights of sand 
fractions. Soil cores were placed in Tempe pressure 

SAMPLE SITES: 

1- Arredondo 

2 - Candler 

3- Felda 

4- Myakka 

5- Pahokee 

6 - Placid 

    Fig. 1.—Location of sample sites. 

cells, saturated, and then extracted at sequential pres- 
sures to determine water retained at 1/10 and 1/3 bars. 
Before drying, the cores were resaturated for determi- 
nation of saturated hydraulic conductivity. After oven 
drying the samples were ground to pass a 2-mm sieve 
and the 15-bar water retention was determined. 

Extractable bases were replaced by leaching 25 ¢ 
of soil with 250 ml of 1.0N NH,OAc buffered at pH 
7.0. Calcium and Mg were determined by atomic ab- 
sorption; K and Na by flame emission. Extractable 
acidity was determined by the BaCl,-triethanolamine 
(pH 8.2) method. Cation exchange capacity (CEC) was 
calculated from the sum of extractable cations and 
acidity. Organic C was determined by acid dichromate 
digestion and soil reaction (pH) by glass electrode in 
1:1 soil-liquid ratios of water and 1.0N KCl. 

Clay was separated from sand and silt by wet siev- 
ing, centrifugation, and decantation. X-ray diffraction 
patterns were obtained with a General Electric XRD-7 
instrument using graphite-filtered CuKa radiation. 
Samples were prepared for analysis by orienting ap- 
proximately 225 mg of clay on unglazed ceramic tile 
(Rich, 1969). X-ray diffractograms were obtained from 
Mg-saturated glycerol-solvated samples with no heat 
treatment, K-saturated samples with no heat treatment, 
and K-saturated samples after heating to 550 C for 4 
hours. Relative amounts of clay minerals were esti- 
mated from the X-ray diffractograms. 

RESULTS AND DISCUSSION 

Soils selected for this study are commonly used for 
range and pasture in Peninsular Florida. ‘They belong 
to the excessively, well, poorly, and very poorly soil 
drainage classes (Table 1). As indicated by the family 
classification, all of these soils occur in the hyper- 
thermic temperature zone and none contain appreci- 
able weatherable minerals. The Candler soil is un- 
coated (less than 5% silt plus clay in the control 
section) and the Pahokee is an organic soil with high 
base saturation (euic). Argillic horizons are present 
only in the Arredondo and Felda soils. 

The sandy nature of the mineral soils investigated 
is indicated in ‘Table 2. With exception of the organic 
soil (Pahokee), sand was by far the major fraction in 
all pedons. Surface horizons of all soils, except Pahokee, 
contained more than 89% sand. Candler, Myakka, and 
Placid soils contained in excess of 92% sands in sub- 
soils to depths of 2 m. Silt contents of these soils ranged 
from 0.5 to 3.9%. Argillic horizons in the Arredondo 
and Felda subsoils contained a preponderance of sands, 
low silt content similar to the other mineral soils, and 
an enhancement of clay ranging from 8.5 to 36.7%. 
Distribution of sand fractions in the upper horizons of 
the mineral soils indicated considerable homogeneity 
of parent materials in these soils. Particle size distribu- 
tion was not attempted on the Pahokee soil. 

Hydraulic conductivities (Table 2) of the sandy 
horizons in these soils were quite high, frequently in 
excess of 15 cm/hr. Predictably, the highest hydraulic 
conductivity values were recorded for the excessively 
drained Candler soil and the lowest values for argillic 
horizons occurring at considerable depth in the Ar- 
redondo and Felda soils. Although hydraulic conduc- 
tivity was lower in the spodic horizon than other hori- 
zons determined for the Myakka soil, it was consider- 
ably higher than values commonly recorded for
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TABLE 1.—CLAssIFICATION AND NATURAL DRAINAGE OF SELECTED SOILS. 

    

  

  

  

  

  

Classification Natural 

Soil Order Subgroup Family Drainage 

Arredondo Ultisol Grossarenic Paleudult Loamy, siliceous, hyperthermic Well 
Candler Entisol Typic Quartzipsamment Uncoated, hyperthermic Excessively 
Felda Alfisol Arenic Ochraqualf Loamy, siliceous, hyperthermic Poorly 
Myakka Spodosol Aeric Haplaquod Sandy, siliceous, hyperthermic Poorly 
Pahokee Histosol Lithic Medisaprist Euic, hyperthermic Very Poorly 
Placid Inceptisol Typic Humaquept Sandy, siliceous, hyperthermic Very Poorly 

TABLE 2.—PHYSICAL PROPERTIES OF SELECTED SOIL HORIZONS. 

Bulk 
Hydr. density Water content 

Particle size distribution cond. field 1/10 1/3 15 

Soil Depth Horizon Sand Silt Clay (sat.) moist bar bar bar 

CRE 2» SD oer da ela airead jy enecniateea of —2amm es cm/hr Sicceye yy eee oa (Wit) ee 

Arredondo 0-20 Ap 90.7 5.6 3.7 14.9 1.49 10.0 6.5 2.5 
104-137 A23 97.4 0.8 1.8 26.1 1.54 3.7 1.8 0.7 
157-175 Blt 86.7 0.0 13.3 1.0 1.67 16.5 12.7 6.4 
175-203 B22t 62.4 0.9 36.7 0.1 1.58 24.5 22.1 12.2 

Candler 0-8 Al 95.9 2.7 14 _ _ - _ 
43-89 A23 96.9 1.2 1.9 77.6 1.50 2.7 1.7 0.7 
89-203 A24 97.4 0.8 1.8 78.2 1.45 3.0 2.1 0.8 

Felda 0-10 Ap 98.3 0.8 0.9 17.1 1.52 9.3 6.7 2.6 
53-79 A23 96.8 Die 0.8 13.2 1.60 6.3 2.5 0.9 
79-112 B2lt 84.4 4.6 11.0 0.1 1.68 19.6 17.3 7.7 

147-203 B23tg 87.4 all 8.5 _ _ — _ - 

Myakka 0-8 Al 98.1 1.2 0.7 57.8 1.31 9.4 6.9 4.1 
15-66 A22 99.0 0.5 0.5 30.9 144 4.8 3.1 1.9 
66-76 B2lh 22 4.7 3.1 26.5 1.44 20.2 SES 2.7 

160-203 B3&Bh 98.1 0.9 1.0 — = a ae a, 

Pahokee 0-25 Oap ol = a 13.8 0.38 - 255.0 161.0 
25-71 Oa2 = = = 40.5 0.13 _ 440.0 277.4 
71-107 Oa3 = = — 35.8 0.13 _ 390.0 252.0 

Placid 0-36 All 89.5 6.6 3.9 7.0 1.28 30.0 22.6 big) 
61-91 Cl 98.1 gt 0.5 15.8 1.49 11.6 6.1 1.7 

127-203 C3 98.6 0.9 0.5 23.6 1.56 4:3 2.8 ee: 
  

Myakka soils in many other Florida locations (Cal- 
houn et al., 1974; Carlisle et al., 1978). In somewhat 
poorly and poorly drained soils, horizons with low 
hydraulic conductivity may perch a temporary water- 
table for several days or weeks. If this perched water- 
table is within reach of active plant roots, plants may 
seasonally utilize far more water from the soil than 
would be predicted from soil water retention data 
alone. Differences in bulk density values were not 
great in the mineral soils with slightly lower values in 
surface horizons due to less compaction and higher 
amounts of organic matter. Bulk density values for all 
sapric horizons in the Pahokee soil were extremely low 
due to the high content of organic matter in this 
Histosol. 

Water contents at 1/10, 1/3, and 15 bars (Table 2) 
show lowest water retention in the excessively drained 
Candler soil and highest amounts in the very poorly 
drained organic soil (Pahokee). Retention of water is 
somewhat greater in the surface horizons of the mineral 
soils due to enhanced contents of organic matter. Ar- 
redondo and Felda soils have subsurface horizons with 
greater amounts of clay. Retention of water in these 
horizons is influenced by the clay content and retention 
of larger amounts of water in the spodic horizon of the 

Myakka soil is influenced by slightly higher clay con- 
tent and much higher organic matter content. 

Generally, low values for extractable bases in the 
Arredondo, Candler, Felda, Myakka, and Placid soils 
(Table 3) are indicative of low inherent soil fertility. 
Calcium and Mg were the predominant cations with 
largest amounts occurring in the surface soils and 
argillic horizons. Sodium was uniformly low and the 
trace amounts of K further support the absence of 
appreciable quantities of weatherable minerals in 
these soils. Cation exchange capacity in these soils is 
usually less than 10 meq/100 g. Lower CEC values oc- 
curred in the sandier horizons containing negligible 
amounts of organic C. Small amounts of liming ma- 
terials applied to surface soils with low CEC will sig- 
nificantly alter soil reaction in the upper horizons. As 
expected, extractable Ca and Mg were very high in the 
Pahokee soil resulting in CEC values more than 10 
times those recorded for the mineral soils. Also ex- 
pectedly, organic C contents were highest in the 
Pahokee soil. Mineral soils contained highest organic 
C contents in surface horizons, decreasing rapidly with 
depth in all but the Myakka soil in which organic C 
increased abruptly in the spodic horizon. Organic C 
contents may be increased: by good management prac-
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TABLE 3.—CHEMICAL PROPERTIES OF SELECTED SOIL HORIZONS. 

pH 

H,O KCl 

Extractable bases Extract. Base Organic (1:1) 1.0N 
Soil Depth Horizon Ca Mg Na K Sum acidity CEC sat. carbon (1:1) 

CTT ager eee eee rane ee %, GG 

Arredondo 0-20 Ap 2.8 1.0 tr tr 3.8 5.8 9.6 40 1.43 sth 4.8 
104-137 A23 0.1 tr 0.0 tr 0.1 0.2 0.3 33 0.20 6.1 DD 
157-175 B2it 0.9 0.2 tr tr Wait al; 3.2 34 0.07 5.8 4.8 
175-203 B22t 0.3 1.1 tr tr 14 8.9 10.3 14 0.14 5.0 3.8 

Candler 0-8 Al eS) 0.2 tr 0.1 1.6 1.6 3.2 48 0.46 5.4 4.8 
43-89 A23 0.1 tr tr 0.1 0.2 1.0 1.2 16 0.02 5.7 4.6 
89-203 A24 0.1 tr tr 0.1 0.2 EZ, 1.4 12 0.02 52D) 4.6 

Felda 0-10 Ap 0.3 0.1 tr tr 0.4 4.4 4.8 9 1.56 4.8 3.8 
53-79 A23 0.3 0.1 tr tr 0.4 0.2 0.6 61 0.04 6.1 DEO 
79-112 B2lt 3.1 3.1 0.3 tr 6.5 29 914 69 0.11 6.9 6.2 

147-203 B23tg 5.8 esi} 0.2 tr 7.7 1.7 94 ees? 0.07 6.5 59 

Myakka 0-8 Al 0.3 0.2 0.1 tr 0.6 4.6 2) 11 E39) 4.3 3} 
15-66 A22 tr tr tr tr — 0.8 0.8 7 0.12 5.6 4.1 
66-76 B2lh 0.1 0.1 0.1 tr 0.3 13.9 14.2 3 2.27 4.4 3.5 

160-203 B3k&Bh tr tr tr tr - 6.6 6.6 1 0.71 5.1 4.5 

Pahokee 0-25 Oap 10728) 24:8 2.6 0.6 135.8 0.8 136.6 99 37.60 6.1 5.6 
25-71 Oa2 PEE: 2.7 0.9 93.8 el 101.5 92 38.60 6.5 6.0 
71-107 Oa3 54.6 17.3 2.9 1.0 75.8 8.7 84.5 90 37.60 6.2 5.8 

Placid 0-36 All 0.5 0.2 0.1 tr 0.8 Oh 10.0 8 eo? 4.4 S53 
61-91 Cl tr tr tr tr _ - — — 0.12 5.9 4.4 

127-203 C3 tr tr tr tr = — = _ 0.06 6.3 4.8 
  

tices. Blue (1979) reported changes from approxi- 
mately 1.1 to 2.5% organic C in the surface soil of a 
Myakka fine sand during 25 years of continuous grass- 
clover pasture. 

Soil reaction (H,O) ranged from pH 4.3 to pH 6.9, 
seldom varying more than 1.5 pH units between hori- 
zons of the same profile. The pH values in 1.0N KCl 
were between 0.4 and 1.5 pH units lower than the 
water measurements. 

Sand fraction (>50yum) mineralogy is siliceous in 
the Arredondo, Candler, Felda, Myakka, and Placid 
soils with quartz dominant in all pedons. Very small 
amounts of ilmenite and other heavy minerals (not 

reported) occurred in most horizons with the greatest 
concentration in the very fine sand fraction. Mineral- 
ogy of the crystalline components of the clay fraction 
(Table 4) indicated that this fraction was dominated 
by a variety of clay minerals in the soil Orders occur- 
ring extensively throughout Peninsular Florida. 

Kaolinite was the dominant mineral (Table 4) in 
the Arredondo soil; 14A intergrades in the Candler; 
montmorillonite in the Felda; and quartz in the 
Myakka and Placid soils. Similar results were pub- 
lished for Aeric Haplaquods (Zelazny and Carlisle, 
1971), Typic Quartzipsamments (Carlisle and Zelazny, 
1975), and Grossarenic Paleudults (Carlisle, 1976) in 

TABLE 4.—CLAY MINERALOGY OF SELECTED SOIL HORIZONS. 

  

    

Mont- 144 
Soil Depth Horizon morillonite Intergrade Kaolinite Gibbsite Quartz Amorphous 

CON 5 was eka Paget eu sir gate ee eas Re NOES et Gh, Way] joredle Tavis 

Arredondo 0-20 Ap - 33 56 — 11 
104-137 A23 — 4l 41 — 18 
157-175 B2it 6 29 60 _ 5 
175-203 B22t 17 18 54 — 11 

Candler 0-8 Al _ 34 34 6 26 
43-89 A23 — 36 22 15 27 
89-203 A24 - 32 24 14 30 

Felda 0-10 Ap - 38 - _ 62 
79-112 B2it 97 - — - 3 

147-203 B23tg 97 — 1 - 2 

Myakka 0-8 Al - _ - - 100 
66-76 B2lh 31 _ - — 69 
160-203 B3kBh = = = — — 100 

Placid 0-36 All = - — — 100 
61-90 Cl a 27 28 — 38 

127 203 C3 - 20 16 - 64 
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other Peninsular Florida locations. Primarily due to 
the relatively low amounts of clay occurring in the 
surface horizons, clay mineralogy of Florida soils com- 
monly influences their suitability for range and pasture 
less frequently than the total clay content. 

According to Henderson (1952), soil characteristics 
that should be considered for range and pasture pro- 
grams in Florida are: (a) texture, (b) organic matter 
content, (c) reaction of surface horizon, (d) depth to 
clay, (e) natural drainage or depth to watertable, and 

(f) slope. These important properties influence soil 
moisture and plant nutrient relationships; therefore, 
the nature of the soil largely determines which species 
should be grown and the management practices which 
must be used for maximum forage production. 

Data presented for Peninsular Florida soils show 
close agreement with Soil Conservation Service native 
rangeland plant production ratings: Pahokee > Placid 
> Felda > Myakka > Arredondo > Candler (personal 
communication with Mr. C. W. Carter, Range Con- 
servationist, U.S. Department of Agriculture, Soil Con- 
servation Service, Gainesville, FL 32601). Similar re- 
sults may be expected for improved pastures; however, 
productivity is usually modified by such practices as 
water control, liming, and fertilization. 
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SOIES) SEGTION 
Fruit Yield of Florida Belle Strawberries as Affected by 

Rates of a Resin Coated Fertilizer’ 

FE. E. ALBREGTS AND C. M. Howarp? 

ABSTRACT 

A resin-coated slow-release fertilizer called Osmocote 
is used extensively in strawberry (Fragaria x ananassa, 
Duch.) fruit production to reduce fertilizer leaching, 
but only limited data are available as to the effect of 
Osmocote rate on fruit yield with sandy soils. Rates of 
700, 1050, and 1400 kg/ha of a 16-2.2-13.3 Osmocote 
were evaluated during two seasons with overhead 
sprinkler irrigation and during one season with drip 
irrigation. Several fertilizer placements were used. Soil 
tests taken prior to fertilizer application indicated high 
levels of P and K in the soil. The soil organic matter 
content was rated as low. Total yield, fruit weight, 
plant size, and foliage color were not different because 

of Osmocote rates or placements with either overhead 
sprinkler or drip irrigation. Soil soluble salts were 
above yield limiting levels and tended to increase with 
increasing rates of Osmocote. 

Additional Index Words: Slow-release fertilizer, 
Scranton fine sand, Fertilizer placement. 

  

Most strawberry (Fragaria x ananassa, Duch.) grow- 
ers include a slow-release N fertilizer as part of their 
total N application. However, many growers use a fer- 
tilizer derived solely from a resin-coated slow-release 
source named Osmocote.? These growers wish to 
eliminate the leaching that can occur with the inor- 
ganic fertilizer sources and overhead sprinkler irriga- 
tion (3, 4, 6, 9). Osmocote fertilizer will maintain a 
higher soluble salts, NO;, and NH, concentration in 
the root zone than will inorganic fertilizer (4). The 
additional cost of Osmocote is justified by the as- 
surance that sufficient N and K will be available when 
the plants need them (4). However, little research has 
been done in Florida on the effect of Osmocote rates 
on strawberry fruit yield. Osmocote is a resin-coated 
fertilizer whose release rate is affected mostly by tem- 
perature (8). Since it is relatively expensive, growers 
using Osmocote or any other fertilizer should apply no 
more than is needed to grow the crop so as to control 
production costs, energy inputs, and pollution. The 
purpose of this study was to evaluate the effect of 
Osmocote rates on fruit yields and soil soluble salts 
with overhead and drip irrigation in a well drained 
sandy soil. 

MATERIALS AND METHODS 

Experiments were conducted for three seasons 
(1977 to 1979) on a well drained Scranton adjunct fine 
sand (a siliceous, acid, thermic Typic Psammaquent) 

1Florida Agricultural Experiment Stations Journal Series No. 
1968. 

2Professors (Soil Chemistry and, Plant Pathology, respec- 
tively), Agricultural Research Center, Dover, FL 33527. 

38The use of trade names in this publication does not con- 
stitute an endorsement of the product. 

at the Agricultural Research Center, Dover. Three 

rates (700, 1050, and 1400 kg/ha) of Osmocote 16-2.2- 
13.3, a formulation designed to become available in 
the soil solution over a 7 to 8 month period, were ap- 
plied each season to black polyethylene mulched beds 
fumigated with a mixture of methyl bromide and 
chloropicrin. The fertilizer was banded in the bed 
center about 3 cm below the soil surface the first 
season. During the second season, fertilizer was ap- 
plied either (a) as in the previous season, (b) banded 
10 cm deep under each plant row, or (c) banded 10 cm 
deep and 5 cm inside plant rows. During the third 
season, the fertilizer was banded 10 cm deep under 
each plant row. A standard fertilizer practice (inor- 
ganic fertilizer) was not used in this study because 
Osmocote, applied at the highest rate used in this 

study, had been evaluated previously against the 
standard practice and was shown to be a superior 
product with respect to the retention of nutrients in 
the root zone (3, 4). The area used for the experiment 
during the third season was different from that used 
the previous 2 years. During the first two seasons over- 
head sprinkler irrigation was used, and during the 
third season drip irrigation was used. Sufficient irriga- 
tion was applied so as to keep beds moist. ‘Florida 
Belle’ strawberry plants were set each year during 
October in double-row beds and irrigated with over- 
head sprinkler irrigation for establishment. Marketable 
fruit were harvested, counted, and weighed twice 

weekly from January through April. Soil samples were 
taken at the end of the harvest season during the last 
two seasons and at mid-harvest as well during the last 
season. Five cores were taken across the plant bed in 
two places in each plot to a depth of 15 cm with at 
least one of each of the five cores coming from the fer- 
tilizer band. Care was taken during soil sampling and 
extraction of the saturated soil solution so as to not 
crush the Osmocote pellet. All cores from each plot 
were then composited. Samples were analyzed for total 
soluble salts and reported in mhos/cm x 10° electrical 
conductivity at soil saturation. Soil samples were also 
taken in the fall of 1976 and 1978 before fertilizer 
application and extracted with the “double acid” ex- 
tracting solution (7). The 1976 soil test results indi- 
cated that the soil P and K were high (151 and 192 
kg/ha P and K, respectively). The soil had a pH of 
6.5, and the soil organic matter content was rated as 
low. The 1978 soil test results also rated soil P and K 
as high (151 and 142 kg/ha P and K, respectively). 
The soil had a pH of 7.2, and the soil organic matter 
content was rated as low. The saturated extracts from 
these same soil samples had an electrical conductivity 
of 0.20 and 0.10 mhos/cm at 25°C for 1976 and 1978, 
respectively. Plants were rated for color of foliage and 
size at least twice per season. Plant size at each sam- 
pling date was rated on a scale of 1 to 10 with 10 being 
the largest plant. Foliage color was rated on a scale of 
1 to 4 with 1 being yellow and 4 being dark green.
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RESULTS AND DISCUSSION 

The foliage color was rated medium to dark green 
during all seasons, and fertilizer treatments did not 

affect foliage color except during March of the first 
season (Table 1). Plant growth did not vary because 
of treatment except during the first season, but growth 
the first season was not improved with Osmocote rates 
greater than 700 kg/ha. Reduction of the early plant 
growth can be indicative of low soil fertility. January 
fruit yields did not vary because of Osmocote rate or 
placement except during the first season. April fruit 
yields were not affected by Osmocote rate or place- 
ment during any season. An insufficient fertilizer rate 
would more likely affect fruit yields late in the season 
(April) with a long season crop such as strawberries. 
Although total markeable fruit yields were less during 
the second season, total marketable yields were not 
different because of Osmocote rate or placement for 
any season. Total marketable fruit yields were con- 
siderably greater than the average Florida yields (16.8 
metric tons/ha) for the 1976-78 period (5). Average 
marketable fruit weight was not different because of 
treatment for any season. Fruit size may be reduced if 
fertility is low (4). 

The total soil soluble salts generally increased with 
increasing rates of Osmocote, and the differences were 
significant on two of the three sampling dates (Table 
2). The total soil soluble salts in all treatments were 
sufficient to produce high fruit yields (1, 2, 4). 

The initial fertility of the soil used in these studies 
with respect to K and P was high. ‘The amounts of N, 
K, and P applied to the soil by the lowest rate of 

TABLE 2.—TOTAL SOIL SOLUBLE SALT IN TOP 15 CM OF BED AT VARI- 

  

    

  

OUS DATES. 

April 1978 February April 
Fertilizer placement} 1979 1979 

rate I M U 

kg/ha EC (mhos/cm x 103)+ 

700 1.91 2.15 2.10 4.37 1.88 
1050 3.23 3.85 2.32 4.42 Zolid, 
1400 3.33 5.63 2.10 10.67 2.62 

§L** L** ns L** ns 

  

+I = fertilizer banded 7 cm deep and 5 cm inside plant rows, 
M = fertilizer banded in bed center 3 cm below surface, U = fer- 
tilizer banded under plant row. 

+Conductivity of saturated soil extract. 
§Significance: L = linear, ** = 1% level. 

Osmocote were 112, 93, and 15 kg/ha, respectively. 
With respect to the fruit yields obtained in these 
studies, the total uptake of N, K, and P would have 
been less than 80, 80, and 12 kg/ha, respectively (2). 

Therefore, with the soil supplying some of the N, K, 
and P and with a slow-release fertilizer applied at rates 
greater than plant uptake, the lower rates of Osmocote 
used in these studies should have been sufficient to 
produce the optimum yields obtained. The rate of 
Osmocote to use on a particular soil will be dependent 
on soil type, initial soil fertility, cultural system em- 
ployed, and cultivar grown. The application of rela- 
tively low rates of slow-release fertilizers to straw- 
berries makes their use more economically feasible. 

TABLE 1.—EFFECT OF OSMOCOTE RATE AND PLACEMENT ON PLANT SIZE, FOLIAGE COLOR, MARKETABLE 
FRUIT YIELD, AND AVERAGE FRUIT WEIGHT FOR THREE SEASONS. 

  

Yield (Mt/ha) 
  

Seasonal avg. Plant sizey Foliage colort 

  

Fertilizer January April Seasonal fruit wt. (g) December March December 

Rate (kg/ha) 1976-77 
700 2.3 aD) 27.9 16.7 9.2 9.8 3.8 

1050 1.8 2.3 26.7 15.9 8.6 9.6 4.0 
1400 a2 4.0 27.8 16.7 9.2 9.8 4.0 

§L* ns ns ns Q* Q* ns 

Placement{] and 
rate (kg/ha) 1977-78 

I- 700 7.0 cae) 21.5 16.3 9.4 9.8 4.0 
1050 7.2 6.3 23.7 14.8 9.6 Ot 4.0 
1400 6.3 BG} 18.2 16.2 8.8 o2 4.0 

M- 700 5.8 5.9 22.7 15.6 8.6 9.4 3.8 
1050 6.1 4.1 20.1 15.6 8.6 9.0 3.8 
1400 5.9 Dal 20.2 16.2 8.6 9.0 3.8 

U- 700 7.0 4.3 20.0 16.3 9.0 9.6 4.0 
1050 6.5 4.4 20.0 15.3 8.8 9.8 4.0 
1400 74 4.1 19.7 16.3 Or 9.4 4.0 

ns ns ns ns ns ns ns 

Rate (kg/ha) 1978-79# 
700 4.2 17.6 28.3 14.6 9.3 9.7 4.0 

1050 433 16.5 27.8 14.1 9.4 9.8 4.0 
1400 4.0 15.8 26.7 14.7 9.2 9.6 4.0 

ns ns ns ns ns ns ns 

March 
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Relative plant size for date: Plant size rated on scale of 1 to 10 with largest plants rated as 10. 
£Color rated on scale of 1 to 4 with 1 = yellow, 2 = light green, 3 = medium green, and 4 = dark green. 
§Significance: L = linear, Q = quadratic. * 5% level. 
{1 = fertilizer banded 7 cm deep and 5 cm inside plant rows, M = fertilizer banded in bed center 3 cm below surface, U = fertilizer 

banded under plant row. 
#Drip irrigation used in 1978-79; overhead sprinkler irrigation used in other years.
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Lower rates of slow-release fertilizers are possible be- 
case they maintain a higher soil nutrient level than 
inorganic sources when applied at the same rate (4). 
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Copper Nutrition of Cucumber (Cucumis sativus L.) 
as Influenced by Fertilizer Placement, Phosphorus Rate, 

and Phosphorus Source’ 
A. A. NAVARRO AND S. J. Locascro? 

ABSTRACT 

The effects of Cu rate, P rate and source, and fer- 
tilizer placement on cucumbers (Cucumis sativus L.) 
were studied in field experiments on St. Johns fine sand 
(sandy, siliceous, hyperthermic Typic Haplaquod). An 
increase in Cu from 0 to 2.24 kg/ha increased total 
yields from 11.2 to 21.4 ton/ha. A further increase in 
Cu to 8.96 kg/ha increased yield to 24.7 ton/ha. 
Cucumbers also responded significantly to P applica- 
tions. At P rates of 0, 28, 56, and 112 kg/ha, yields were 
15.8, 21.2, 20.3, and 19.9 ton/ha, respectively. An inter- 
action between P and Cu rate on early yield was sig- 
nificant. Application of high Cu rates with low P rates 
or high P rates with low Cu rates reduced yields. Yields 
were highest with Cu applied at 8.96 and P at 56 kg/ha. 
Fertilizer placement interacted with Cu rate on early 
and total yields. An increase in Cu rate from 0 to 8.96 
kg/ha increased yields 154% with the broadcast place- 
ment and 82% with the band placement. Total yields 
were significantly greater with ordinary superphos- 
phate as the P source than with either diammonium 
phosphate or concentrated superphosphate which were 
comparable. Increased rates of P resulted in increased 
P concentrations in plant tissues, but significantly re- 
duced tissue Cu 30 days after planting and at the har- 
vest stage. Increased rates of Cu increased tissue Cu at 
both growth stages, but decreased P concentration at 
the harvest stage. 

Additional Index Words: Cu rate, Band placement, 
Broadcast placement. 

In Florida, early studies on Cu requirements of 
vegetables were limited to organic soils (1). On mineral 
soils, more recent studies have shown substantial re- 

sponses to Cu application for watermelons (7, 9). 

1Florida Agricultural Experiment Stations Journal Series No. 
2147. 

2Formerly Graduate Assistant and Horticulturist, Vegetable 
Crops Department, respectively, University of Florida, Gaines- 
ville, FL 32611. 

Watermelon response to organic sources of N were 
shown to be due primarily to Cu impurities in the 
fertilizer (7). Watermelon requirement for Cu when 
grown on a number of mineral soils was approximately 
4.48 kg/ha. Phosphorus rate and source were found to 
influence Cu uptake (5, 9). Increased rates of applied 

P depressed Cu uptake by watermelons and reduced 
yields unless Cu rates were also increased. Fertilizer 
placement was also found to affect watermelon yield 
(6, 10) and Cu uptake (11); its effect was most pro- 
nounced at high Cu levels. The purpose of this study 
was to evaluate the effects of P rate, P source, and fer- 
tilizer placement on Cu requirements of cucumbers 
(Cucumis sativus L.). 

MATERIALS AND METHODS 

Field Experiments: Two similar experiments were 
conducted in 1971 and 1972 on two adjacent newly 
cleared areas of St. Johns fine sand located near Gaines- 
ville. The soil pH was 3.9 with 5.5% organic matter 
content and 1 ppm Cu. Treatments were factorial com- 
binations of three P sources, diammonium phosphate 
(DAP), ordinary superphosphate (OSP), and concen- 
trated superphosphate (CSP); four P rates, 0, 28, 56, 
and 112 kg/ha; four Cu rates, 0, 2.24, 4.48, and 8.96 
kg/ha; and two fertilizer placements, band and broad- 
cast. 

Fertilizer treatments were formulated to include N 
at 134 kg/ha (one-fourth in the nitrate form, and 
three-fourths in the ammonium form), and 134 kg/ha 
of K equally from KCl and K,SO,. ‘Treatments were 
arranged in a randomized block design with three 
replications. 

In 1971, the field was limed 1 week before planting 
and in 1972 lime was applied 1 month before planting. 
In both seasons, CaCO, was applied at 9,000 kg/ha 
which raised the soil pH to 5.5. Fertilizer was applied 
before planting on beds 1.2 m apart. With the band 
placement, the fertilizer was applied in a single band 
located 6.4 cm deep and 6.4 cm to the side of bed 
center. For the broadcast placement, fertilizer was ap- 
plied in a I-m strip on the bed surface and incorpo-
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rated to a depth of 15 to 20 cm. ‘Poinsett’ cucumber 
seeds were planted in a single row in the bed center. 

Seedlings were thinned to a final spacing of 61 cm. At 
the last thinning (30 days after seeding), plants were 
sidedressed with 34 kg/ha N as NH,NO,. 

First fruits were harvested 55 days after planting 
and harvests continued at 3 to 4-day intervals for eight 
harvests in 1971 and five in 1972. Whole plant samples 
were collected for tissue analyses 30 days after planting 
and recently mature leaves were sampled at harvest. 
Plant tissues were oven-dried (70C) and ground with 
a Wiley mill. Two-gram samples of the tissues were 
dry-ashed at 500C. The ash was disolved in 50 ml of 
IN HCL. A 25-ml aliquot was evaporated to dryness on 
a hot plate and volume brought back to 10 ml with 1N 
HCl. Copper and Fe were determined by atomic ab- 
sorption spectrometry and P was determined color- 
imetrically by the phosphomolybdate method (8). 

RESULTS 

Effects of Cu rate. The main effects of Cu rate on 
total yield of cucumbers for the two seasons are shown 

in Table 1. Response to Cu varied during the two 
seasons. With an increase in Cu rate, yields were in- 
creased over four times in 1971 and almost doubled 

during 1972. Yields with the 0, 2.24, 4.48, and 8.96 kg 

Cu/ha rates were 3.6, 10.6, 11.4, and 15.2 ton/ha in 

17 

1971 and 18.9, 32.1, 31.4, and 34.2 ton/ha in 1972, re- 
spectively. Application of Cu resulted in an increase 
in tissue Cu concentration 30 days after seeding and at 
harvest (Table 1). Iron concentration in plant tissue 
at both sampling periods and P tissue concentrations 
at harvest were depressed by increased Cu applications. 

Copper deficiency symptoms were observed on 
plants not fertilized with Cu and were aggravated by 
increasing P rate. Copper-deficient young plants ex- 
hibited symptoms such as rolling and cupping of the 
leaves and cessation of terminal growth. At a later 
stage, marginal chlorosis developed on young and 
mature leaves which progressed towards the base of the 
leaves through the interveinal areas. The areas immedi- 
ately around the leaf vein remained green. At a more 
advanced stage, the chlorotic areas became necrotic. 
On mature plants, the initial symptom was marginal 
leaf chlorosis followed by necrosis. 

Effects of P rate. Phosphorus and Cu rates inter- 
acted in their effects on early yield and on tissue Cu 
concentration (Table 2). High rates of Cu with low 
rates of P reduced yield. Conversely, high rates of P 
with low amounts of Cu also decreased yields. Highest 
early yields were obtained with Cu at 8.96 kg/ha and 
P at 56 to 112 kg/ha. The highest level of Cu in the 
plant tissue was obtained at a Cu rate of 8.96 kg/ha 
and with no added P. At all rates of Cu application, Cu 
concentrations in the plant tissue were decreased with 

TABLE 1.—MAIN EFFECTS OF COPPER RATES, PHOSPHORUS RATES, PHOSPHORUS SOURCES, AND FERTILIZER 
PLACEMENT ON CUCUMBER YIELD AND MINERAL COMPOSITION OF PLANT TISSUES (MEAN OF 1971 AND 1972 

SEASONS). 

  

Time of sampling 
  

    

    

  

Total 30 days after planting At harvest 

‘Treatment Yield Cu P Fe Cu iP Fe 

ton/ha ppm is ppm ppm % ppm 

Cu, kg/ha 

0 11.23 6.0 0.74 138 2.7 0.47 105 
2.24 21.37 7.0 0.75 132 3.2 0.42 90 
4.48 21.40 7.6 0.75 136 3.2 0.42 81 
8.96 24,72 9.4 0.74 134 3.6 0.41 82 
F value} ere OD cr (Chane L** N.S. C** L** ee OS TES OS 

P, kg/ha 

0 15.81 8.9 0.45 146 305 0.24 90 
28 E23) Wn, 0.66 136 3.3 0.36 93 
56 20.34 6.9 0.78 134 3.1 0.44 86 
112 19.88 7.0 0.90 131 2.9 0.56 90 
EF value} ClORS ee OS Chea ELOx® Tee 0) ae L** ILA OPA OFS CEs 

P source 

OSP 21.86a 6.9b 0.79 135 3.3 0.44 91 
DAP 19.20b 7.3a 0.76 133 32, 0.46 91 
CSP 19.90b 7.0b 0.79 132 2.8 0.45 86 
F valuet 0 oe N.S. N.S. N.S N.S. N.S. 

Placement 

Band 16.22 6.7 0.75 139 3.0 0.43 91 
Broadcast 23.51 7.8 0.74 131 3.3 0.43 88 
F value§ “* — N.S. Oe ae NSS. -S 

Year 

1971 11.80 8.4 0.75 129 3.57 0.41 86 
1972 27.22 6.0 0.75 14] 2.72 0.45 93 
F value§ ** he N.S. * N.S. N.S. s 
  

Rate effects were linear (L), quadratic (Q), and cubic (C) at the 5% (*) and 1% (**) levels. 
{Difference between P sources was significant at the 5% (*) level and was separated by orthogonal comparisons or was not significant 

(NS). 
§Differences between placement and year were significant at the 5% and 1% levels or were not significant.
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TABLE 2.—INTERACTION OF P AND Cu RATES ON Cu CONTENT OF 
CUCUMBER PLANTS 30 DAYS AFTER SEEDING AND ON EARLY YIELD (1971 

AND 1972 POOLED DATA). 

  

Cu, kg/ha 

P, kg/ha 0 2.24 4.48 8.96 Mean 
  

  

Plant Cu, ppm+} 

0 7.14 8.12 8.24 12.12 8.91 
28 5.04 7.07 744 9.34 7.22 
56 5.44 6.74 7.63 7.74 6.89 

112 6.54 6.04 7.12 8.31 7.00 
Mean 6.04 6.99 7.61 9.38 

Fruit Yield, ton/hat 

0 2.79 5.57 7.25 4,22 4.96 
28 3.43 10.29 9.15 9.65 8.13 
56 4.50 9.70 9.95 10.40 8.64 

112 4.08 7.31 8.86 11.93 8.05 
Mean 3.70 8.22 8.81 9.05 

  

+P rate effects were linear (L)**, quadratic (Q)**, and cubic 
(C)*, and Cu rate effects were L** at the 1% (**) level. Inter- 
action between P x Cu ** was significant. 

£P rate effects were L* and Q**, and Cu rate effects were 
L**, Q**, C** at the 5% (*) or 1% (**) level. Interaction be- 
tween P x Cu** was significant. 

an increase in P application. Lowest concentrations of 
tissue Cu were obtained with 0 Cu and 28 and 56 
kg/ha P. 

‘The main effects of P rate on total yield are shown 
in Table 1. Yields were increased significantly with an 
increase in P from 0 to 28 kg/ha. With a futrher in- 
crease in P, yields were slightly reduced. During the 
1972 season, effects of Cu and P interacted on total 
yield (Table 3). With low rates of either Cu or P and 
increased rates of the other element, total yields in- 
creased quadratically. However, with high rates of 
either element yields increased linearly with an in- 
crease in the other nutrient. Yields tended to follow 
this pattern in 1971, but the interaction was not sig- 
nificant. 

Effect of P source. Application of P from different 
sources resulted in significant differences in total yields 
and in the Cu concentration in plant tissue 30 days 
after seeding and at harvest (Table 1). Total yields 

TABLE 3.—Errects oF P AND Cu RATES ON TOTAL CUCUMBER YIELD 
DURING 1971 AND 1972. 

  

Cu, kg/ha 

P, kg/ha 0 2.24 4.48 8.96 Mean 
  

1971 yield, ton/hat 

0 75 6.80 10.45 3.22 5.30 
28 2.55 12.60 9.40 17.90 10.61 
56 2.70 11.05 14.40 15.55 10.95 

112 6.50 9.45 10.80 16.15 10.75 
Mean 3.59 10.62 11.44 15.22 

1972 yield, ton/hay 

0 19.75 24.41 31.51 29.61 26.32 
28 19.95 37.10 36.71 33.66 31.86 
56 19.54 33.54 31.71 34.08 29.72 

112 16.81 29.29 30.52 36.47 28.02 
Mean 18.87 32.12 Seow 34.23 

  

+P rate effects were linear (L)* and quadratic (Q)**. Cu rate 
effects were L** and Q* at the 5% (*) and 1% (**) levels. P x 
Cu interaction was not significant. 

+P rate effects were cubic (C)**, Cu rate effects were L**, 
Q**, C**. Interaction between P x Cu was significant. 

were higher with OSP than with either DAP or CSP. 
Yields with the latter two sources were comparable. 
‘There was an interaction between P rate and source in 
the 1971 experiment (Table 4). With OSP as the source 
of P, there was a linear increase in yield with an in- 

crease in P rate from 0 to 112 kg/ha. However, with 
CSP or DAP, yields were decreased when P rate was 
increased above 56 kg/ha. In 1972, yields for the three 
sources were 29.5, 31.5, 28.7 ton/ha, respectively, and 
were not significantly different. 

‘Tissues concentrations of P and Fe 30 days after 
seeding and at harvest were not affected by P sources, 
but tissue Cu levels were affected. At 30 days after 
seeding, plants grown with DAP contained a signif- 
icantly higher Cu content (7.3 ppm) than plants grown 
with OSP and CSP (6.9 and 7.0 ppm, respectively). At 
the harvest stage, differences due to P-source were not 
significant. 

Effect of fertilizer placement. Cucumber yields dur- 
ing the two seasons were 45% greater with broadcast 
than band fertilizer placement (Table 1). An inter- 
action between Cu and fertilizer placement signif- 
icantly affected early and total yields and tissue Cu 
concentration (Table 5). Fruit yields and tissue Cu 
concentrations increased with an increase in Cu with 
both fertilizer placements, but increases were greater 
with the broadcast than band placement. Fertilizer 
placement had no effect on tissue Cu or yield at the 
0 Cu rate. 

TABLE 4.—INTERACTION OF P SOURCE AND P RATE ON TOTAL CUCUM- 
BER YIELD, 1971. 

    

  

  

P, kg/ha 

Phosphorus 
sources 28 56 112 Mean 

ton/ha 

OSP 13.76 11.08 17.83 AT? 
DAP 9.54 10.52 9.19 9.74 
CSP 8.62 11.26 5.19 8.36 

Mean 10.61 10.95 10.75 
  

P rate effects were linear at the 1% level for OSP but not 
significant for DAP and CSP. 

TABLE 5.—EFFECT OF FERTILIZER PLACEMENT AND CU RATE ON THE 
Cu CONTENT OF CUCUMBER PLANTS AND ON EARLY AND TOTAL FRUIT 

YIELD (1971 & 1972 POOLED DATA). 
  

Cu, kg/ha 

2.24 “4748 8196 0 

Cu, kg/ha 

2.24 448 8.96 
  

Placement 0 

  

‘Tissue Cu, ppm 

30 days after planting At harvest 

Band 5.94 6.58 6.63 7.58 BGs BO GOR Galo 
Broadcast 5.71 6.97 8.33 10.08 2165, 73:36) §3.31' 3:95 

N.S. N.S. i N.S. N.S. NS. oe 

  

Fruit yield, ton/ha 

Early Total 

Band 3,14 5.73 5.74 6.27 10:58 17.69 17.34 19193 
Broadcast 4.19 11.13 11.88 13.29 11.90 24.99 26.93 30.21 

INGO Se ee — NGS Sos im ? 

  

  

{Differences between placement at a Cu level were not signif- 
icant (N.S.) or were significant at the 5% (*) level.
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DISCUSSION 

In both experiments, total cucumber yields and Cu 

concentrations in plant tissues 30 days after seeding 
and at harvest significantly increased with Cu applica- 
tions. The response of cucumbers to Cu was related to 
the low concentrations of native Cu in the soil (less 
than 1 ppm Cu extractable with 0.1N HCl) and to the 
Cu requirements of the crops. Similar responses to Cu 
were reported for watermelons (5, 7, 11). 

High rates of P application with low Cu were re- 
ported to decrease crop yields and reduce Cu in the 
tissue (2, 3, 4). Dekock et al. (3) observed that in- 
creased application of P increased plant demands for 
Cu and under conditions of limited Cu, such enhanced 

plant demand could induce Cu deficiency symptoms 
and reduce crop yield. In this study, the application of 
Cu also enhanced plant demand for P. Thus, yield de- 

creased with high Cu and with low P rates. 
Ordinary superphosphate was found to be a better 

source of P for cucumbers compared to DAP or CSP. 
Similar results were obtained by Locascio et al. (8) on 
watermelons. As shown in Table 4, the superiority of 

OSP became more apparent at high rates of P applica- 
tions. This response may be related to the amount of 
other micro or macronutrients in OSP. 

In this study, Cu was more efficiently absorbed by 
plants when applied broadcast than band; similar re- 
sults have been reported (11, 12). Interactions between 
Cu rate and fertilizer placement were also observed in 
this study. In the case of P uptake, banding the fer- 
tilizers 6.4 cm to the side and 6.4 cm below the seeds 
was just as efficient as applying the fertilizers broadcast. 
Iron concentrations of the plant tissues were lower with 
broadcast placement, not as a result of placement, but 
probably due to high Cu in the plant tissues (13). 

Significant correlations were found between total 
yields and P on Cu concentration in the plant tissues 
30 days after planting and at fruiting time. As shown 
in Table 2, adequate P supply and availability in the 
soil for cucumbers was indicated by tissue P concen- 
tration of at least 0.66% (whole plant, dry weight 

basis) at 30 days after planting and at least 0.36% (leaf 
sample) during the fruiting stage. For Cu, adequate soil 
supply was indicated by a tissue Cu level of at least 
6.8 ppm (whole plant, dry weight basis) 30 days after 
seeding and at least 3.2 ppm (leaf sample) during the 
fruiting stage. 
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Nitrogen Losses from Urea, Ammonium Sulfate, and 

Ammonium Nitrate Applications to a Slash Pine Plantation’ 

D. B. BoomMsMA AND W. L. PRITCHETT? 

ABSTRACT 

Nitrogen transformations and NH, and N,O losses 
were examined following broadcast applications of 
urea and (NH,),SO, at 100, 200, 300, and 400 kg N 
ha to a 23-year-old slash pine (Pinus elliottii var. 
elliottii Engelm.) plantation on Wauchula fine sand 
(Ultic Haplaquod). A second experiment in the same 
general area compared denitrification rates from urea, 
(NH,).SO,, and NH,NO,, applied in solution to the 

forest floor at 200 kg N ha. 

1Florida Agricultural Experiment Stations Journal Series No. 
2260. 

2Graduate Assistant and Professor of Forest Soils, respectively, 

Soil Science Department, University of Florida, Gainesville, FL 

32611. 

Rates of NH, volatilization from urea applied at 
400 kg N ha were initially high (>1 kg N ha day-*). 
Urea was substantially hydrolyzed within 1 week of 
application, resulting in a 1 to 2 unit increase in pH 
of soil extracts. Measurements of net accumulation of 
NO.> indicated little nitrification with either fertilizer 
material. Water extracts from urea-fertilized soils had 
low concentrations of cations, including NH,*, com- 
pared with those from (NH,),.SO,-treated soils. 

If a N.:N.O ratio of 10:1 was assumed, denitrifica- 
tion losses from urea or (NH,),SO, represented ap- 
proximately 1% of the applied N. Ifa N,:N,O ratio of 
100:1 was used, however, losses from NH,NO, during 
100 days following fertilization represented 29% of the 
applied N. Volatilization of N following urea or 
ammoniacal-N applications does not appear to be a
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major pathway of loss in these forest soils and, hence, 
leaching is likely to be of greater importance under 
most conditions. 

Additional Index Words: Forest fertilization, Pine 

ecosystems, Nutrient cycling, Denitrification, Cation 

loss, Pinus elliottii. 

Nitrogen is the nutrient element most frequently 
deficient in forest ecosystems. Growth responses to N 
and P fertilization in the Southeastern Coastal Plain 
have led to operational forest fertilization within this 
region. This has occurred in spite of the fact that the 
efficiency of N fertilization is often low, due to volatile 
losses of NH, (Volk, 1970), leaching losses (Sarigumba 
et al., 1976; Mead, 1975), and immobilization of ap- 
plied N (Sarigumba and Fiskell, 1975). Little research 
has been conducted on denitrification within forest 
ecosystems, even though environmental conditions 
often seem to favor this process. 

Overrein (1969) and Ogner (1972) reported that 
applications of urea to thick humus layers resulted in 
microbiological immobilization of urea-N into com- 
plexes that resisted subsequent mild extraction. The 
extent of immobilization of added N appeared to be 
in the order urea > NH,Cl > KNO, (Overrein, 1969). 
In a review paper, Knowles (1975) suggested that the 
additions of 100 ppm of NH,*-N or NO,-N to the 
forest floor may result in large “priming effects’ on 
mineralization of organic N to NH,*, but that the ad- 
ditions of urea produced only a negligible priming 
effect. It was reported that these effects increased with 
increasing added N concentrations, but decreased as 
temperatures were lowered. Crane (Crane W. 1972. 
Urea-nitrogen transformations, soil reactions, and ele- 
mental movement via leaching and volatilization, in a 
coniferous forest ecosystem following fertilization. 
Ph.D thesis, Univ. of Washington, Seattle.) reviewed 
impacts on cation exchange reactions which followed 
the additions of urea to Pacific Northwest forest soils. 
These impacts resulted largely from reductions in soil 
acidity accompanying hydrolyses of the urea. 

After N fertilization, N transformations—especially 
nitrification—may be inhibited or accelerated by 
changes in soil acidity (Alexander, 1977). For example, 
applications of urea often decrease soil acidity, whereas 
(NH,).SO, applications usually increase acidity. Addi- 
tions of lime with (NH,),SO, to acid sandy soils re- 
sulted in nitrification after about 14 days (Eno and 
Blue, 1957), but NO,- was not usually found after 
fertilization of forest soils. The low levels of NO,- in 
forest soils could mean that: (a) nitrification was not 
occurring, or (b) NO,- was assimilated by microbes 
and higher plants about as fast as it was formed, or (c) 
denitrification was as rapid as nitrification, or (d) NO,- 
was transported vertically or laterally away from the 
point of application soon after it was formed. 

This study examined certain N transformations 
and the extent of gaseous losses due to volatilization of 
NH, and denitrification after application of urea and 
(NH,).SO, to a flatwoods forest soil. 

METHODS 

‘The experimental treatments consisted of urea and 
(NH,).SO, at five levels (0, 100, 200, 300, 400 kg N 

ha) and NH, NO, at 200 kg ha“ each replicated three 
times in a randomized block design. Individual plots 
were 5 x 10 m in size. The study was initiated in June 
1978 within a 23-year-old slash pine plantation on a 
Wauchula fine sand (sandy, siliceous, hyperthermic 

Ultic Haplaquod) near Gainesville, Florida. Ammonia 
volatilization measurements were made with four static 
diffusion traps per plot, constructed from 4.2-cm diam- 

eter x 25-cm-long PVC tubes driven through the forest 
floor and about 5 cm into the mineral soil. The upper 
end of each tube was sealed with a rubber stopper, to 
which was attached a glass microfiber paper pretreated 
with 4% boric acid. The filter paper was changed on 
a schedule as noted below. 

Soil was sampled by horizons with a 4.5 cm soil 
sampling tube and four cores from each plot were com- 
posited for each day’s determination of the treatment 
effect. Soil and gas samples were collected 2, 4, 8, 12, 16, 
21, 32, 64, and 128 days after fertilizer application. Soil 
samples were frozen (—10 C) until prepared for ex- 
traction with deionized water (1:5 ratio). After 1 hour 
shaking time, the extract was filtered through millipore 
(0.2 micron) units. 

Total soil N and water extractable total N were 
determined by micro-Kjeldahl (Nelson and Sommers, 
1972), after NO,- and NO, were reduced and subse- 
quently distilled as NH,* (Bremner, 1965). Urea in soil 
extracts was estimated colorimetrically by the method 
of Douglas and Bremner (1970). Extract pH was de- 
termined with a glass-:membrane pH-sensitive electrode. 
Cations were analyzed by atomic absorption and flame 
emission spectrophotometry. 

In two smaller experiments designed to compare de- 
nitrification from applications of urea, (NH,),SO,, and 
NH,NO,, three gas traps, constructed from 25-cm- 
diameter PVC cylinders and driven 10 cm into the 
surface soil, were placed in each treatment plot. Traps 
remained open until sampling days when they were 
sealed with plexiglass sheets against latex rubber rings 
for 1 hour prior to sampling. Gas samples were col- 
lected periodically, through the plexiglass lid via serum 
stoppers, and N,O content of these samples determined 
by gas chromotography with a N:65 electron capture 
(EC) detector. Total denitrification was estimated by 
multiplying the N,O concentration by the ratio of 
N,.-N:N,O-N of 10:1 (Ryden et al., 1979; Rolston and 
Broadbent, 1977). Precipitation reaching the forest 
floor as throughfall was measured by a network of six 
rain gauges on the study site (Fig. 1). 

RESULTS AND DISCUSSION 

The contrasting effects of urea and (NH,),SO, 
fertilizers on soil pH are shown in Table 1. Applica- 
tions of (NH,).SO, increased soil acidity by about half 
a pH unit and this change in acidity persisted for 
about 30 days after fertilization, during which there 
were about 50 cm of rainfall. On the other hand, urea 
fertilizer applications resulted in decreased acidity of 
as much as two pH units and some changes in pH 
persisted for 128 days after fertilization. 

Ammonia volatilization from the urea treatments 
amounted to only 2 to 3% of the applied N over the 
128-day period. Losses from (NH,),SO, treatments 
were much lower. Ammonia losses decreased exponen- 
tially with time after treatment. Although there was a 
statistically significant effect of time and treatment on



PROCEEDINGS, VOLUME 39, 1980 Alt 

20 500. 
2 

i 3 
5 no 4004 
2 Zz 4 7 

z d 
z 60) < 300 

a > 
z % 5 

< 80 2003 

Q 2 
a 
Vv 

100 100 

oO 
° 20 40 60° BO 100 120 

TIME SINCE FERTILIZATION (DAYS) 

Fig. 1.—Daily and cumulative rainfall collected beneath tree 
canopy. 

daily and cumulative NH, volatilization, the gross 
amounts lost represented only a small percentage of 
fertilizer N applied (Fig. 2 and 3). 

Movement of N into the upper part of the mineral 
soil prior to, or following, transformations was mark- 
edly affected by rainfall events. Daily and cumulative 

TABLE 1.—WATER EXTRACT pH OF FOREST FLOOR (FF) AND Al 
HORIZONS. 

  

Fertilizer sources and rates (kg N ha-1) 
  

  

  

  

Control Ammonium sulfate Urea 

Days after 0 200 400 200. 400 

treatment FF Al FF Al FF Al FF Al FF AI 

2 4.15 4.56 3.57 4.21 3.55 4.31 5.84 4.98 5.76 4.95 
4 4.10 4.70 3.56 4.29 3.58 4.19 5.16 4.78 6.31 5.28 

12 4.16 4.46 3.81 3.97 3.82 4.14 5.21 4.71 5.91 5.20 
32 4.18 4.30 4.05 4.14 4.36 4.37 4.57 4.32 5.68 4.91 

128 4.03 4.26 3.83 4.14 3.84 4.20 4.22 4.31 4.62 4.33 

  

O-----O-- Control 

@——-®-—_ Urea-200 kg N/ha 
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Fig. 2.—Daily ammonia volatilization. 
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Fig. 3.—Cumulative NH,-N losses from nitrogen application. 

rainfall for the duration of soil sampling are shown in 
Fig. 1. Nitrogen (NH,*) from (NH,).SO, appeared to 
be more mobile than N from urea in this soil (Table 
2). A possible explanation was the increased effective 
exchange capacity brought about by the rise in pH as 
the urea hydrolyzed. Increased CEC enabled more of 
the hydrolyzed urea to remain in the surface layers as 
exchangeable NH,*. Another, and possibly more po- 
tent, effect was the presence of a strong anion (SO,°) 
in the (NH,).SO,-treated soils. Because SO,= ions are 
only weakly adsorbed, they were available to leach with 
the NH,. 

In addition to the NH,‘, larger concentrations of 
basic cations (Ca?*, Mg?+, K+, and Nat) were adsorbed 
as a result of the increased effective CEC following 
urea fertilization. Table 3 shows that total cations in 
water extracts of this soil were low for urea-treated 
samples, while (NH,),SO, resulted in significant in- 
creases in total cations initially in solution, which 

persisted through 12 days (or 75 mm of rain). 

TABLE 2.—CoNcENTRATIONS OF NH,-N IN WATER EXTRACTS OF THE 

FOREST FLOOR DURING 128 DAYS FOLLOWING FERTILIZATION wITH 400 
kg N ha-1 FROM AMMONIUM SULFATE AND UREA. 

  

  

Time Nitrogen source 

since Ammonium 
treatment sulfate Urea 

GAYS cenit oer or A. tae Beene re ae pp 

2 7605 2325 
4. 3640 704 
8 4375 1114 

16 1675 613 
32 303 424 
64 52 140 

128 5 165 
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TABLE 3.—Torat cations (Al3*, Ca2*, Mg2* K1+, Nal+) IN WATER 
EXTRACTS OF FOREST FLOOR (FF) AND Al HORIZONS. 

  

Fertilizer sources and rates (kg N ha-1) 
  

  

  

  

Days Control Ammonium sulfate Urea 

after 0 200 400 200 400 

treatment FF Al FF Al FF Al FF Al FF Al 

eee ZAC — OD Wie 

2 694 26 Chee alt) SOI Gs) lft) Yas Sills) Aa 
4 444 19 144428) 1990) 39 LOO 25a lSOmelel 

12 425 15 init 46} Ib AE PRE) 1G) PAIS) 1166} 
32 441 26 451 36 Steal 216 31 136 18 

128 320 18 404 16 S30 maT 3508 165) 230015 

  

The increased pH which resulted from urea fer- 
tilization was expected to enhance conditions for 
nitrification. Although little or no NO,- + NO; was 

detected in soil samples for the duration of the field 
experiment, there appeared to be some minor trans- 

formation to NO, + NO, early in the sampling 
period. This was indicated by the 1 to 3 kg NO,-N hat 
found in the Al horizon at 2 to 4 days after fertilizing 
with (NH,),SO, or urea and the small increase in N,O 
losses (Table 4). The low level of NO,- in the soil does 
not necessarily imply that nitrification was not taking 
place; it could mean that re-assimilation, leaching, or 
denitrification depleted NO,- + NO,- almost as rap- 
idly as they were formed. 

Denitrification certainly occurred, as indicated by 
evolution of N,O, but it should be stressed that the 

total gaseous evolution of N,O was small. Applications 
of ammonium sulfate at 400 kg N ha resulted in a 
maximum evolution of about 8 g N,O-N ha day. 
Urea at the same rate resulted in considerably higher 
levels of N,O, following an incubation phase (in the 
soil), and immediately after a storm event (Fig. 4). 

Total denitrification losses, which included N, as 

well as N,O, were doubtlessly considerable greater than 

the levels indicated by N.O-measurements alone. Be- 
cause of equipment limitations, only N,O losses were 
measured, even though much greater quantities of N, 
than N.O were assumed to have been lost. The as- 
sumed N,:N,O ratio of 10:1, mentioned previously, 

TABLE 4.—NITROUS OXIDE LOSSES FOLLOWING APPLICATIONS OF 
NITROGEN FERTILIZERS TO A FOREST FLOOR. 

  

Fertilizer sources and rates (kg N ha-1) 
  

  

Am- 
Days Ammonium monium 
after Control sulfate Urea nitrate 

treatment 0 200 400 200 400 200 

ARETE EE ATES | INL CON & Ingrs? Gah 

1 Wo 0.0 2.2 1.9 0.6 1.5 
3 Wei 2.6 3.0 3.6 4.1 14 
9 4.7 6.8 5.0 6.9 ell 14 

15 1.8 2.4 3.1 2.1 2.5 — 
17 2.6 5.2 4.1 2.5 Ad) 8.5 
29 1.1 1.5 7.6 1.5 Ro) 11.1 
56 0.1 0.0 0.0 0.0 26.6 7.2 
57 — - - - 52.8 8.4 
60 0.2 0.6 0.0 1.5 16.8 4,2 
62 1.2 0.6 1.3 21 12.1 = 
68 1.4 2.9 1.5 1.9 11.3 _- 

74 1.8 1.6 2.8 2.3 8.9 = 
76 0.7 0.0 0.7 0.4 9.9 8.0 

108 — _ =— -— 4.8 = 
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Fig. 4.—Daily N,O from urea and ammonium nitrate. 

was supported by unpublished work of Krottje (per- 
sonal communication) who measured ratios from 10:1 
to >100:1 in incubation studies. Therefore, for the 
purposes of estimating total denitrification losses, a 
ratio of at least 10:1 seemed appropriate. Table 4 lists 
denitrification losses of N.O from various N fertilizers 
and rates, expressed as grams per hectare of N,O-N per 
day. Losses by denitrification were not significant for 
(NH,).SO, (except for one event) nor for urea applied 
at 200 kg N ha. Urea at 400 kg N ha and NH, NO, 
applied at 200 kg N ha (100 kg NO,-N ha) resulted 
in significantly more denitrification than either 
(NH,).SO, at 400 kg hat (Table 4) or urea applied at 
200 kg N ha (Fig. 4). 

Since (NH,).SO, and NH,NO, were applied at the 
same time and only NH,NO, resulted in denitrifica- 
tion, the role of NO,~ availability in controlling the 
rates of denitrification in this soil was confirmed. High- 
est levels of denitrification in these experiments were 
50 g N,O-N ha day+, with background rates of 1 to 
2 g N,O-N ha day. These high rates of loss were 
ephemeral, lasting for 1 to 2 days only, with inter- 
mediate rates persisting for 10 to 60 days. On the other 
hand, Rolston and Broadbent (1977), working with a 
fertilized agricultural soil, measured peak losses close 
to 50 kg N.-N ha day, arising from the fertilizer 
applied. 

CONCLUSIONS 

Urea hydrolysis was rapid and subsequent NH, 
volatilization amounted to only approximately 3% of 
applied N. 

Nitrate levels in the soil were very low throughout 
the experimental period, despite the reduction in soil 
acidity after urea applications. 

Water-extractable NH,*, Ca**, Mg**, K*, and Nat 

decreased after fertilization with urea. This decrease 
likely resulted from increased cation exchange capacity 
brought about by the higher soil pH associated with 
urea applications. Ammonium sulfate applications re-
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sulted in increased acidity and concurrent increases in 
NH,‘ and other cations in solution. 

A large part of the exponential decline in NH, 
volatilization and concentrations of cations in soil ex- 
tracts following fertilization was related to cumulative 
rainfall. 

The low NO,> levels were thought to result from 
low nitrification, rapid assimilation by microbes and 

higher plants, denitrification, and leaching; but low 
nitrification was probably the principal cause. 

Estimated total denitrification, based on measured 
N.O fluxes and an estimated N.:N.,O ratio of 10:1, re- 

sulted in low N losses. Losses from urea, applied at 400 
kg N ha, were only about 1% of the applied N. If, 
however, a N,:N.O ratio of 100:1 is assumed (which is 

within the range of reality), up to 29% of applied 
NH,NO, would have been lost during 100 days follow- 

ing fertilization. Nevertheless, leaching losses stemming 
from frequent tropical summer storm events, rather 

than gaseous losses, are likely to be responsible for a 
major part of the unaccounted-for N from fertilization 
of similar pine ecosystems. 
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Profile Distribution of Phosphate and Metals 
in a Forest Soil Amended with Garbage Compost’ 

J. G. A. FISKELL AND W. L. PRITCHETT? 

ABSTRACT 

Soil profile samples were taken from plots of 
Myakka-Basinger fine sand that had received 0, 65, 130, 
and 260 metric tons/ha of Gainesville municipal 
garbage compost 2 years previously, applied either 
broadcast and bedded or in the planting furrow. In- 
organic P, organic P, and metal distribution were de- 

termined. About 50% of the applied inorganic P was 
converted to organic P and remained in the zone of 
compost placement. Lack of P mobility was attributed 
to adequate Fe and Al in the soil surface horizons and 
to additional Fe and Al supplied in the compost. 
Metals extracted by hot 0.1N HCl were primarily 
distributed in the 0 to 23-cm depth; this coincided with 

the distribution of course glass indicative of compost 
placement whether broadcast or in the planting fur- 
row. At depths below 23 cm, metal levels from compost 
treatments rarely exceeded those at corresponding 

1Florida Agricultural Experiment Stations Journal Series No. 
2171. 

2Professors, Soil Science Department, University of Florida, 

Gainesville, Florida 32611. 

depths of the control plots. At each rate of compost 
amendment, the profile distributions were similar for 
P, Cd, Cu, Mn, Pb, and Zn. Coarse material > 2mm 
also contained high levels of these metals. ‘There were 
indications that roots in subsoil of the compost-treated 
plots were higher in some metals than roots in control 
plots. 

Additional Index Words: Inorganic P, Organic P, 
Metal mobility, Waste disposal, Nutrient movement, 

Flatwood forests. 

Recycling of municipal garbage compost in order 
to reclaim nutrients otherwise lost in landfills has not 
become a popular practice mainly because unsightly 
residues or disagreeable odors create an unfavorable 
impression on nearby residential areas. Such objections 
can be largely avoided by applications of the compost 
to more remote land planted to forest where residues 
can be reduced by incorporation in the planting beds 
and subsequently covered by forest litter. Where this 
practice has been used (2, 4), weed growth and under- 
story shrub growth competed strongly with the
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planted pine during the first 5 years. Nevertheless, in 
such a planting at the Austin Carey forest near Gaines- 
ville, both tree height and diameter increased more 

rapidly where garbage compost had been applied than 
in the control plots (4). During this period, levels of 
N, P, and metals in the pine foliage increased linearly 
with rate of compost application. However, there were 
few differences between surface broadcast and bedding 
compared to placement in a planting furrow and then 
bedding (4). The present study determined the 
amounts and distribution of P and metals from the 
garbage compost that remained in the soil profile after 
8 years. 

MATERIALS AND METHODS 

‘The experiment was conducted at the Austin Carey 
forest near Gainesville. The cleared forest site was 
composed of Myakka (sandy, siliceous, hyperthermic 
Aeric Haplaquod) and Basinger (sandy, siliceous, 

hyperthermic Spodic Psammaquent) fine sands in 
which the degree of development of the Bh horizon 
was a principal difference between the two series. Both 
soils had an initial soil pH ranging from 4.3 to 4.5. 
The municipal garbage compost (58% moisture) was 
obtained from the Gainesville, Florida, plant and was 

either spread broadcast over the plot (each 0.081 ha) 
with subsequent disc incorporation into four planting 
beds (BD) or was placed in planting furrows over 
which beds were contructed (IF). ‘The rates were 65, 
130, and 260 dry metric tons per hectare (mt/ha) in 
three randomized blocks, each consisting of the six 
treatments and a control. Year-old slash pine seedlings 
were planted 5 months after compost amendment in 
rows 3 m apart. 

At 8 years after treatment, soil samples were taken 
using a hydraulic-driven tube with a 7.7 cm diameter 
located at the bed center between trees. Three cores 
taken per plot were combined for the 0 to 8 cm, and 
subsequent 15-cm depths to a depth of 83 cm, and kept 
in polyethylene bags. The samples were processed 
through a 2-mm sieve. Coarse compost residue and 
roots remaining on the sieve were dried, weighed, and 
ashed at 350 C for 90 minutes followed by heating at 
550 C for 90 minutes. ‘The ash was weighed and dis- 
solved in IN HCl and analyzed for metals by atomic 
absorption spectroscopy. 

The soil passing the sieve was air-dried and mixed 
on a plastic sheet. To determine inorganic P, 5-g sub- 
samples were placed in 50 ml of 0.1N HCl in Pyrex 
tubes, heated in a water bath at 98 C for 3 hours, then 
filtered through No. 42 Whatman paper, and washed 
with a further 50 ml of hot 0.1N HCl as proposed by 
Saunders and Williams (6). For organic P, the paper 
was washed several times with water and then trans- 
ferred to 200 ml of 0.1N NaOH and shaken inter- 
mittently at 20 C for 16 hours. A 20-ml aliquot was 
pipetted into a 150-ml beaker and evaporated to dry- 
ness. Acid digestion of the sample proceeded in a suit- 
able fume hood with | ml of perchloric acid and 10 ml 
of concentrated HNO, heated until all organic matter 
disappeared, and where organic matter persisted, addi- 
tional HNO, and a few drops of 30% H,O, were 
added for complete digestion. ‘The sample was diluted 
with 50 ml of water, titrated with 0.1N NaOH to pH 
3 and analyzed for P by the ascorbic acid molybdate 
method. ‘This P fraction has previously been reported 

as organic P (1, 6). 
Other 5-g soil samples were ashed at 350 C for 2 

hours and at 500 C for 2 hours in crucibles which then 
received 2 ml concentrated HNO, at low heat. Transfer 
of ash to filter paper was made with 0.2N H,SO, in 
repeated rinsings, and the filtrates made to 100-ml 
volume. These solutions were analyzed for ‘total P’ by 
the above colorimetric method and the difference be- 
tween ‘total P’ and ‘inorganic P’ was also termed 
‘organic P’ (3). To confirm the completeness of P re- 
covery, many of the residues from the ashed samples 
received 0.5 g Na,CO;, prior to reashing at 550 C. 
These were ground in a mortar and then 0.5 g of the 
sample was fused with 5 g of Na,CO, in a Pt crucible. 
‘The melt was dissolved in 1.0N HCl made to 100 ml 
volume in 0.1N HCl and analyzed for P, Ca, Al, and 
Fe: 

Metal contents of the O.1N HCI extracts and the 
0.2N H.SO, extracts were determined by atomic ab- 
sorption or using the graphite furnace HGA 2100 and 
Perkin-Elmer 503 unit where necessary for greater 
accuracy at low Cd and Cu values. Data were statistic- 
ally analyzed for effect of rates and placement on P 
and metal values with depth and comparison of meth- 
ods for determination of ‘organic P’. 

RESULTS AND DISCUSSION 

Municipal garbage compost at the rates used in this 
study (Table 1) added high levels of N, P, and metals. 
Both slash pine and under- story species showed ob- 
vious response to compost addition, particularly to the 
intermediate rate during the first few years (2) and 
good response was noted in other species (5). However, 
only a small portion of the nutrients added was in- 
volved in plant uptake, because heavy metal com- 
pounds in soils have low solubilities. The remainder 
was probably present in various unavailable forms. 
Factors expected to influence P and heavy metal move- 
ment from the site of compost placement were time, 
soil acidity, and formation of water-soluble ions and 
complexes. At soil pH 5.0 (4) and after 8 years, soil 
samples taken below the zone of compost placement 
should contain P or metal accumulations if leaching 
occurred, and be expected to concentrate in the Bh 

TABLE 1.—CoMposiTION OF GAINESVILLE MUNICIPAL GARBAGE COM- 
POST AND AMOUNTS OF ELEMENTS ADDED PREPLANT TO MYAKKA- 

BASINGER SOIL AT AUSTIN CAREY FOREST. 

  

  

Composition Compost added, mt/ha 

Component Content 65 130 260 

ppm kg/ha 

Soluble salts 1,450 95 189 377 
Total N 7,100 462 923 1,846 
Inorganic P 1,730 113 225 450 
Organic P 336 21 43 87 
Al 6,550 425 850 1,700 
Fe 4,600 300 600 1,200 
Ca 19,100 1,242 2,483 4,966 
Mg 1,700 112 221 442 
K 2,300 150 299 598 
Cd 42 a) 5.5 11 
Cu 155 10 20 40 
Mn 328 21 43 85 
Ni 68 4.5 9 18 
Pb 613 40 80 159 
Zn 985 64 128 256 
 



PROCEEDINGS, VOLUME 39, 1980 25 

horizon. Since a large amount of energy was supplied 
in compost material for heterotropic organisms, avail- 
ability of both P and heavy metal compounds could be 
expected to be altered by microbial processes. However, 
the effect of microbial immobilization on leaching is 
unknown. 

Phosphate: Conversion of inorganic P supplied by 
the compost (Table 1) to organic P forms indicated 
microbial incorporation had occurred (Table 2). The 
direct method for organic P (as determined in cold 
0.1N NaOH extracts) showed a very high correlation 
(cr = 0.97 or better) at each soil depth to that found 
by the indirect method obtained by the difference be- 
tween total P of ashed samples and that extracted by 
hot 0.1N HCl extraction. The indirect method always 
gave from | to 2 ppm of P more than that found by the 
direct method. This is a rather small difference con- 
sidering the magnitude of. P values in Table 2. This 
is in contrast to greater differences between these meth- 
ods found for other soils (3, 7). 

There were no significant increases from treatment 
either in inorganic P at depths below 38 cm or in or- 
ganic P at depths below 23 cm. Since the spodic horizon 
was generally located at 53 to 68-cm depth, any move- 

TABLE 2.—INORGANIG AND ORGANIC P DISTRIBUTIONS IN SANDY SOIL 

PROFILES SAMPLED 8 YEARS AFTER MUNICIPAL GARBAGE COMPOST 
AMENDMENT. 

  

Garbage compost rate and placement, mt/hat 
  

  

Depth 0 65 65 130 130 260 260 
sampled BD IF BD IF BD IF 

CLL ee ae ta ee eee eee tes ete aoe kp hay soeesedin as eee 

Inorganic Pt 

0-8 14 38 40 65 21 61 157 
8-23 18 117 221 275 38 60 94 

23-38 15 52 57 21 30 35 33 
38-53 38 35 28 23 15 20 33 
53-68 26 28 32, 25 27 33 53 
68-83 31 24 32 27 20 33 38 

Profile 142 294 410 436 151 242 408 

Organic P§ 

0-8 21 - 42 36 53 24 52 186 

8-23 25 54 182 192 42 52 68 

23-38 27 42 47 28 32 28 45 

38-53 76 36 42 32 36 48 56 

53-68 56 67 44 39 80 75 84 

68-83 37 44 37 34 28 38 38 

Profile 242 285 388 378 242 293 477 

BE CCOVCISEES 
0-8 35 80 76 118 45 113 343 
8-23 43 171 403 467 80 112 162 

23-38 42 94 104 49 62 63 78 

38-53 114 71 70 55 51 68 89 

53-68 82 95 76 64 107 108 137 
68-83 68 68 69 61 48 71 76 

Profile 382 579 798 814 393 535 885 

Applied P 

134 134 268 268 537 537 

Recovered P—Control P 

197 416 432 11 153 503 

  
  

+BD is broadcast and bedded and IF is placement in furrow 
before bedding. 

Determined by hot 0.1N HCl extraction. 
§Determined sequentially by cold 0.1N NaOH extraction, 

ment of P from the upper surfaces should have re- 
sulted in P accumulation at this depth. However, there 
was no evidence of any such accumulation. Amounts 
of Al and Fe throughout the profile (Table 3) were 
probably sufficient to sorb P. From comparison of total 
P recovered from the soil profile (Table 2) to that 
applied, it is obvious that soil samples did not ac- 
curately reflect the compost rate and placement treat- 
ment. ‘This was attributed to lack of uniformity during 
compost spreading and to difficulty in positioning the 
power sampler exactly at the center of the bed. The 
inorganic to organic P ratio at the 0 to 8-cm depth was 
0.69 in the control plots compared to a range from 
0.85 to 1.23 for amended soil. At the 8 to 23-cm depth, 
corresponding rates were 0.72 for the control and a 
range from 0.89 to 1.43 for treated soil. It was evident 
that conversion of inorganic P to organic P had oc- 
curred over an 8-year span and that this P showed 
little evidence of mobility in contrast to preferential 
organic P mobility reported in other soils (7). 

Since effect of compost placement on inorganic P 
was independent of compost rate at the 0 to 8-cm 
depth, the significant (0.05 level) rate effect on in- 
organic P was found to be 

P= 5.23 + 20.8R [1] 
where R is compost rate/65 mt/ha. However, at the 8 
to 23-cm depth both inorganic and organic P were 
found to have significant quadratic responses to rate 
of compost within the rate X placement interaction. 

Locating compost placement: Further explanation 
for the variability in P data was obtained by examining 
the distributions of Fe, Al, Ca, and crushed glass 
(Table 4). At the 0 to 8-cm depth, Ca significantly in- 
creased with compost rate: 

Ca = 7.17 + 360.4, [2] 
whereas at the 23 to 38-cm depth, Ca decreased signif- 
icantly with compost rate: 

Ca = 405 — 67.2 R. [3] 

This may be explained by deeper placement at the 
lower rates than at the higher rates, suggested by the 
large differences in Ca at the shallower depths in the 
six treatments. The Al and Fe values in the 0 to 23-cm 
depths showed similar pattern of changes in magnitude 
as those for Ca. For instance, at the 8 to 23-cm depth, 
Fe values also decreased with compost rates: 

Fe = 521—79.5R. [4] 
Presence of crushed glass accounted for the major 

differences in ash from the coarse soil fraction (Table 
4), with values always being highest at the shallower 
depths. This coarse glass associated with the compost 
was present where coarse ash exceeded 2.5 g/kg soil, 
magnitude of changes at 0 to 38-cm depth being like in 
pattern to those for other components (Tables 4 and 
5). Grams of coarse ash (AW) for the whole composite 
core sample resulted in highly significant response for 
the placement X rate interaction. For BD placement, 
the relationship was 

AW = 130 + 292R—61 RR. [5] 
For IF placement it was 

AW = 401 + 270 R + 46 R2, [6] 

whereas corresponding ash weight for the control at
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TABLE 3.—DOMINANT SOIL SERIES ORGANIC MATTER, TOTAL Fe AND Al IN CONTROL AND COMPOST- 

  

Organic matter 

  

26 

AMENDED PROFILES. 

Depth 

sampled Horizon 0 260 mt/ha 

cm. Cees = 

eMyalekafineisang 
0-8 Ap 1.44 3.80 
8-23 Ap 2.67 2.01 

23-38 A22 1.32 1.35 
38-53 B2th 1.91 0.86 
53-68 B22h 0.86 1.58 
68-83 Cc 0.66 1.25 

Basinger fine sand 

0-8 Ap 1.32 1.78 
8-23 Ap 1.65 1.65 

23-38 A22 0.83 0.96 
38-53 C& Blh 0.83 0.96 
53-68 C & B2h 0.74 0.92 
68-83 C2 0.60 0.73 

+Mean for 3 replicates of composite cores sampled from center of the bed. 

    

{Determined by dichromate- concentrated H,SO, oxidation. 

§Determined after concentrated HNO, digestion and 0.2N H,SO, extraction of soil ashed at 550°C. 

0 

132 
146 
148 
194 
152 
148 

132 
146 
144 
260 
124 
54 

  

TABLE 4.—DIstTrRIBUTION OF Fe, Al Ca, AND COARSE ASH IN SANDY SOIL 8 YEARS AFTER MUNICIPAL 
GARBAGE COMPOST AMENDMENTS. 

    

Garbage compost rate and placement, mt/ha 
  

  

Depth 65 
sampled 0 BD 

cm 

0-8 139 285 
8-23 100 440 

23-38 68 293 
38-53 55 147 
53-68 43 102 
68-83 61 79 

0-8 227 410 
8-23 187 373 

23-38 433 313 
38-53 1,680 880 
53-68 1,510 1,630 
68-83 960 1,130 

0-8 156 593 
8-23 93 813 

23-38 46 331 
38-53 30 65 
53-68 10 49 
68-83 25 19 

0-8 2.5 10.6 
8-23 18 20.0 

23-38 1.0 10.1 
38-53 1.3 2.9 
53-68 0.8 2.0 
68-83 11 0.4 
  

{Extracted by hot 0.1N HCl for 3 hours. 

65 
IF 

173 
440 
246 
41 

43 

267 
540 
353 
880 

1,220 
1,000 

130 
BD 

Fe, ppm} 

184 
540 
118 
95 
87 
58 

Al, ppm} 

274 
720 
370 
693 
653 
647 

Ca, ppm} 

653 
1,570 

190 
90 
86 
31 

Coarse ash, g/kg soil 

3.1 
1 

o
o
o
 
n
o
 8 

4 
D 
9 
n4: 

130 
IF 

159 
187 
165 
139 
100 
81 

540 
550 
730 
970 
850 
635 

235 
267 
246 
39 
29 

Fe§ Alg 

260 mt/ha 0 260 mt/ha 

pe AS ie ais BOR FS PD Din Sse aee eR POE Dea: 

2,550 260 3,800 
270 140 480 
110 460 620 
71 2,680 2,750 

240 1,480 2,000 
130 1,800 1,450 

460 300 2,050 
690 300 2,400 
290 460 1,550 
270 1,500 1,910 
150 740 860 
92 940 650 

S.E. 
260 260 of 
BD IF mean 

287 343 61 
245 159 56 
121 147 49 
89 95 39 

Hid 129 23 
55 87 12 

567 940 129 
440 300 90 
421 627 125 
767 740 183 
900 960 191 
653 567 162 

713 2,370 292 
487 387 88 
123 187 64 
49 87 17 
33 133 28 
67 62 14 

7 7.0 
12.8 3.9 
3.3 Ao 
18 0.9 

0.7 0.7 
1.0 0.8 S

e
l
o
 
g
e
t
 

h
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TABLE 5.—METAL DISTRIBUTIONS IN SANDY SOIL SAMPLED 8 YEARS 

AFTER MUNICIPAL GARBAGE COMPOST AMENDMENTS. 

  

S.E. 

  

  

  

  

Depth Garbage compost, mt/ha of rate 

sampled 0 65 130 260 mean 

COCA rie ners ahr eee pp 

Zinc 

0-8 5.8 41.5 34.7 44.6 31.7 
8-23 4.3 80.0 124.0 25.3 12.4 

23-38 4.7 32.9 5.8 6.8 7.3 
38-53 3.3 6.3 5.9 3.3 0.9 
53-68 5.0 11.0 6.1 44 4.2 
68-83 7.0 79 74 5.4 1.8 

Copper 

0-8 0.48 4.33 128.00 15.90 Sue 
8-23 0.80 7.27 12.90 2.88 0.44 

23-38 0.43 119 0.85 0.79 0.09 
38-53 0.58 0.53 0.61 0.47 0.01 
53-68 0.48 0.53 0.76 0.71 0.04 
68-83 0.37 0.55 0.89 0.06 0.01 

Cadmium 

0-8 0.063 1.730 2.070 0.933 0.61 
8-23 0.047 1.088 4.600 0.306 1.18 

23-38 - 0.051 0.751 0.057 0.047 0.44 
38-53 0.031 0.040 0.028 0.004 0.01 
53-68 0.073 0.045 0.069 0.004 0.02 
68-83 0.053 0.035 0.007 0.005 0.01 

Manganese 

0-8 2.3 24.9 15.4 18.6 11.73 
8-23 0.7 23.3 47.3 8.8 3.60 

23-38 0.7 6.9 1.8 1.3 1.89 
38-53 0.7 1.0 iL) 0.8 0.51 
53-68 0.5 0.8 ils) 0.7 0.98 
68-83 0.7 0.7 0.6 0.7 0.26 

Lead 

0-8 0.10 31.30 20.00 48.00 12.30 
8-23 0.01 41.70 62.70 16.70 8.68 

23-38 0.01 23.30 7.40 0.70 6.46 
38-53. 0.01 0.01 0.10 0.10 0.07 
53-68 0.01 0.01 0.01 0.01 0.01 
68-83 0.01 0.01 0.01 0.01 0.01 

  

{Determined by hot 0.1N HCl extraction for 3 hours; BD 
samples only shown. 

this depth was 11 grams. Failure to obtain a good fit 
between treatment application and composite core 
data was attributed to (i) differences in compost com- 
position which was not from a single plant run, (ii) 
irregularity in compost spreading, (iii) lack of uni- 
formity of IF placement, and (iv) difficulty in taking 
core samples representative of this variability. 

Heavy metals: Heavy metal distributions in the 
profile (Table 5) showed increases in metal content at 
the 0 to 38-cm depths where compost had been applied 
compared to similar depths in the control plots. ‘There 
was no Statistical difference among values at depths 
below 38 cm. Few statistically significant differences 
between compost rates were found for any of these 
metals because the standard errors for rate means were 
relatively high. Only very small amounts of heavy 
metals appeared to have moved below the depth of 
compost placement. Where compost rate X placement 
responses were significant, these occurred at the 8 to 
23-cm depth. For BD placement (Table 5), three 
metals showed the following significant responses for 
rate of compost: 

Zn = —26 + 137 R— 31 R2, [7] 

Mn = —27 + 67R—14 R?, [8] 

and Pb = —41 + 104 R — 22 R2, [9] 

where R is compost rate/65. Shape of response curves 
for Eq. 7-9 was similar to that for ash weight in Eq. 
[5], which confirms that sampling did not represent 
well the variability for compost placement. 

Metals in coarse fraction: In the material > 2mm 
designated as coarse material, weight and analyses are 
given in Table 6. Roots comprised most of the sample 
weight below 38 cm. Contrary to quantity of metals 
recovered from the treated soil, roots contained higher 

amounts of Cd, Cu, Mn, Pb, and Zn at depths below 
38 cm than the soil from control plots, regardless of 

TABLE 6.—METAL COMPOSITION OF COARSE FRACTION IN SANDY SOIL 

PROFILES SAMPLED 8 YEARS AFTER MUNICIPAL GARBAGE GOMPOST 
AMENDMENTS.| 

  

  

Depth Garbage compost, mt/ha 

sampled 0 65 130 260 

cm Fraction weight, g/kg soil 

0.8 11.1 16.3 5.0 9.8 
8-23 3.4 18.2 16.2 18.1 

23-38 1.7 13.3 11.1 5.3 
38-53, 2.8 4.2 0.9 2.6 
53-68 ell 3.3 1.2 1.1 
68-83 1.6 0.7 0.6 1.5 

_Gd; ppm 
0-8 0.2 2.49 4.13 2.36 
8-23 0.01 3.48 7.36 7.97 

23-38 0.01 6.92 4.01 0.42 
38-53 0.01 0.17 0.79 3.05 
53-68 0.01 0.56 1.84 0.24 
68-83 0.01 2.82 0.12 0.20 

Cu, ppm 

0-8 1.6 25.8 8.2 123.0 
8-23 1.3 38.5 102.0 12.1 

23-38 0.6 14.8 8.8 8.8 
38-53 0.5 0.9 2.5 4.0 
53-68 0.3 1e3 3.5 1.2 
68-83 0.2 2.3 0.6 0.7 

Mn, ppm 

0-8 WEA 35.2 27.5 20.9 
8-23 6.0 30.5 65.3 22.2 

23-38 3.7 34.7 32.6 1.8 
38-53 GI) 253) 8.9 3.8 
53-68 2.0 10.4 11.1 3.5 
68-83 1.5 10.5 4.1 2.8 

Pb, ppm 

0-8 6.1 54.4 71.5 41.0 
8-23 4.9 78.9 138.1 57.0 

23-38 2.1 209.0 28.8 23.2 
38-53 1.5 3.0 32.1 5.6 
53-68 0.8 1.3 12.4 4.4 
68-83 0.6 14 229) 3:3) 

Zn, ppm 

0-8 17.5 774 94.6 77.5 
8-23 6.6 193.0 186.0 74.1 

23-38 4.6 402.0 142.0 18.7 
38-53 3.6 7 13.0 20.8 
53-68 Dall 14.1 25.1 25.2 
68-83 1.5 23.0 2.4 18.3 

  

}+Coarse fraction dried at 100 C, ashed at 550 C and dissolved 
in HCl.
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root weight. This suggested that metals at these depths 
were accumulated on or in the roots, perhaps during 
mass flow of soil solution to the roots. Roots account 
for small amounts metals moved below the 38-cm 
depth. However, heavy metals present in the coarse 
fraction above 38-cm depth were relatively higher than 
those shown in Table 5. This suggested that much of 
the metal present in the compost had not reacted with 
the soil; perhaps much remained in metallic state, as 
observed for copper wire in a few samples. 

Implication of finding: Soil samples taken at 8 
years after compost treatment and those taken 18 
months previously (4) showed that very little metal 
movement below 38 cm had occurred. However, in the 
earlier study with a small diameter tube, metal values 
for IF placement exceeded those for BD placement at 
0 to 38-cm depths as might be expected, whereas this 
was not the case for the larger diameter tube. Con- 
siderable variability of compost placement was evi- 
dent, so that monitoring of both P and metal distribu- 
tion in subsequent years produced problems of within- 
plot variation. Other than the lush growth of under- 
story species competing with pine growth prior to 
canopy closure, no adverse effects on forest growth has 
been determined. To date, significantly better pine 
tree growth has been associated with soil amended with 

garbage compost than that in control plots. As forest 
litter accumulates, and further reaction of soil and 

compost occurs, further monitoring of the site will be 
valuable in understanding long-term effects from land 
spreading of waste materials on forestlands, and forest 
nutrition. 
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Evaporation Effects on Sprinkler Irrigation Efficiencies’ 
ALLEN G, SMAJSTRLA AND RICHARD S. HANSON? 

ABSTRACT 

A numerical simulation model was developed to 
study the effects of various sprinkler irrigation manage- 
ment strategies on crop-water use efficiencies. This 
model allows the user to simulate the scheduling of 
irrigations for crop production. Model inputs required 
are descriptions of climatic, crop, and soil conditions, 
specifically including daily rainfall, pan evaporation, 
soil-water capacity function, crop effective rooting 
zone, and water use coefficients versus growth stage. 

This model simulates a daily soil-water balance and 
crop-water use, assuming that soil-water contents do 
not decrease transpiration rates. In this work, four 
levels of soil-water depletion and three magnitudes of 
irrigation depths were studied. Seasonal irrigation re- 
quirements were found to decrease with both greater 
allowable water depletions and with smaller depths of 
application. This was due to effective rainfall increas- 
ing with the same components. Seasonal evaporation 
losses were found to be unaffected by depth of applica- 
tions and only mildly affected by decreases in allow- 
able water depletions. This resulted because evapora- 
tion rates remained fairly high due to frequent rain- 
storms. 

Gross water requirements were found to be less for 
an intermediate application depth, because evapora- 

1Florida Agricultural Experiment Stations Journal Series No. 
2301. 

2Assistant Professor and Student Research Assistant, respec- 
tively, Agricultural Engineering Department, University of Flor- 
ida, Gainesville, FL 32611. 

tion and interception losses were great for small, fre- 
quent applications, and because effective rainfall was 
low for large, infrequent applications. The optimum 
is specific for a given set of soil, crop, and climatic 
conditions. 

Additional Index Words: Simulation, Computer 
model, Evapotranspiration, Effective rainfall. 

Sprinkler irrigation efficiencies are always less than 
100% because losses occur as water is sprayed through 
the air, as water is evaporated from the crop canopy 
(interception losses), and as water is evaporated from 
the soil surface rather than being transpired by the 
crop. Other losses such as those due to deep percola- 
tion and runoff may reduce irrigation efficiency. How- 
ever, the latter losses may be completely eliminated by 
proper system design and management, whereas evap- 
oration losses are unavoidable and can only be min- 
imized by good system management. 

The objective of this study was to simulate various 
irrigation management strategies for crop, soil, and 
weather conditions typical of north central Florida. 
Specific data were selected for each of these conditions 
because of their unique combination at this location. 
Specific objectives of this study included: 

1. To develop a numerical model to simulate field 
water cycles for irrigated crop production. 

2. To determine the effects of soil evaporation, soil 
hydraulic properties, and irrigation management 
practices on irrigation and water use efficiences.
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MATERIALS AND METHODS 

A numerical model was developed to simulate the 
interactions of the various components of the hydro- 
logic cycle for irrigated crop production. Components 
of the hydrologic cycle which were simulated by the 
model are illustrated in Fig. 1. They included rainfall, 
irrigation, evaporation, transpiration, and deep perco- 

lation. 
The numerical model was developed in general 

terms so that it would be applicable to studies of irri- 
gation efficiencies for various crops and soil types. Data 
inputs were classified as weather, soil, or crop data. 

Weather inputs included daily rainfall and pan evapo- 
ration data. The soil input was the water capacity 
curve. Crop inputs included the functional relation- 
ships between stage of growth and (1) leaf area index, 
(2) effective rooting depth, and (3) water use coefficients. 
In this study, sprinkler irrigation efficiency was simu- 
lated for soybeans (Glycine max (L) Merr.) produced 
on Lake fine sand (hyperthermic, coated, Typic 
Quartzipsamment) with weather conditions measured 
at Gainesville, Florida. 

A flow chart of the numerical model is shown in 
Fig. 2 (A complete listing of the numerical model is 
available from the senior author upon request). Each 
simulation began with the input of soil, crop, and 
weather data. Those requirements are described in 
detail in the following paragraphs. 

Leaf area index was calculated in the first compu- 
tational step. Leaf area index as a function of time was 
obtained from studies conducted at the Institute of 
Food and Agricultural Sciences (IFAS Irrigation Park 
at Gainesville (K. Boote, personal communication). 
That function is presented in Fig. 3. 

Effective rooting depth was calculated for the ex- 
isting stage of crop growth. Data of Robertson et al. 
(1979) were used to determine maximum depths for 
local conditions. Because of the lack of details on root 
development versus stage of crop growth, data of 
Burch et al. (1978) were also used. Those data are 
shown in Fig. 4. 

Available soil moisture was calculated as a func- 
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tion of the soil hydraulic properties and effective root- 
ing depth. The water capacity curve for Lake fine sand 
is given in Fig. 5. From this figure, available soil mois- 
ture on a volumetric basis was estimated. Because of 
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the dynamic effects of soil-plant-atmosphere-water in- 
teractions, available water is not a constant, but is de- 
pendent upon the interactions of those factors. ‘There- 
fore, in this work, a range of values was used in order 
to study the effects of available water on irrigation 
efficiencies. It was assumed that no reduction in crop 
growth or yield would occur until after all readily 
available soil moisture was depleted. As shown in Fig. 
5, the lower limit of the readily available water range 
was assumed to occur at approximately | bar of capil- 
lary suction and a volumetric water content of 0.05. 
Irrigations were scheduled when all readily available 
soil moisture was depleted, so that stress did not oc- 

cur and production was optimized with respect to 
water use. 

Evaporation from wet foliage does not greatly ex- 
ceed normal evapotranspiration rates (Christiansen 
and Davis, 1967, and Pair, 1969). It is, however, a func- 
tion of amount of canopy cover. In this model, inter- 
ception of rainfall and sprinkler water by the crop 
canopy was calculated as a function of leaf area index. 
A maximum of 0.25 cm of interception was calculated 
for a leaf area index of 6.0 or greater. Interception was 
assumed to vary linearly with leaf area index at mag- 
nitudes of less than 6.0. 

Deep percolation losses were calculated from a mass 
balance of the water content in the crop rooting zone. 
Rainfall depths greater than those necessary to restore 
the crop rooting zone to field capacity were assumed 
to cause deep percolation, thus becoming unavailable 

to the crop. 
‘The soil-water status and effective rainfall were 

calculated after each rainfall event. Effective rainfall 
was calculated as the total depth of precipitation that 
was stored in the crop rooting zone after each rainfall 
event. ‘The soil-water status was defined as the depth of 
water stored in the crop rooting zone on a daily basis. 

‘Transpiration rates were calculated on a daily basis 
as a function of pan evaporation. Data from National 
Weather Service records were used for this purpose. 
Crop water use coefficients as a function of time were 
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obtained from SCS Technical Release 21 (1970) and 
are given in Fig. 6. Transpiration was assumed to oc- 
cur at non-water-limiting rates throughout the grow- 
ing season because irrigations were scheduled when- 
ever the readily-available soil-water was depleted. 

Soil evaporation rates were calculated as a function 
of soil hydraulic properties, pan evaporation, and leaf 
area index. Ritchie (1972) reported that when the soil 
surface is wet, energy at the soil surface and _ soil- 
hydraulic properties limit evaporation. The functions 
presented by Ritchie (1972) were used in this work. 
Daily evaporation rates were calculated from 

Ey = (r/o) ETp, (1) 
Ep = daily evaporation rate for non-water- 

limiting conditions (cm/day), 
7 =dimensionless radiation interception 

factor for the crop canopy, 
a = dimensionless crop and climate propor- 

tionality factor, and 
ETp = energy-limited ET from a well-watered 

surface during non-advective condi- 
tions. 

where 

‘The numerical value of 7 was calculated from 

7 = exp (—0.398LAI), (2) 
where LAI = leaf area index. 

Equation 2 was developed by Ritchie (1972) for 
sorghum, and later verified as applicable to soybeans 
by Kanemasu et al. (1976). The value of a@ used was 
1.26. That value was established by Priestly and 
‘Taylor (1972) after evaluating 11 different non-advec- 
tive climatic conditions. 

Evaporation from the soil surface was calculated 
to occur at the non-water-limiting rate given in Equa- 
tion | through the first stage drying of the soil surface. 
First stage drying was assumed to occur for a period of 
1 day following rainfall. This assumption was verified 
by experimentation at the IFAS Irrigation Park. 

After first stage drying, the method of Black et al. 
(1969) was used to evaluate losses during falling-rate 
stages. For drying of Plainfield Sand, they developed 
the following empirical relationship; 

E = c/t®? (3) 
where E = daily evaporation rate (cm/day), 
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c = constant of proportionality for given soil 
conditions, and 

t = time since beginning of drying cycle (days). 

‘The value of c was defined by Equation 4, which 
results from an analytical solution of the one-dimen- 
sional water flow equation for isothermal flow in a 
homogeneous soil-profile (Black et al., 1969). 

c = 2 (6;0,) (D/m)* (4) 
where 6; = field capacity volumetric water content, 

6, = air dry volumetric water content, and 

D = weighted mean diffusivity (cm?/day). 

In equation 4, 6; for Lake fine sand was assumed to 
0.12 (Fig. 5), 0, was assumed to be 0, and the value of 

D was assumed to be 13 cm?/day (Black et al., 1969). 
‘The value of c was then 0.49 cm/day®* for the condi- 
tions of this study. 

The soil-water was updated daily by mass balance, 
including evaporation and transpiration depletions. 
The decision concerning irrigation scheduling was 
made on the basis of the soil-water status. Irrigations 
were scheduled when the total soil-water storage in 
the plant root zone reached a predetermined critical 
level. In this study, four critical levels were investi- 
gated, and irrigations were scheduled at water deple- 
tions of 1%, 3%, 5%, and 7% water contents on a 
volumetric basis. The 1% level represented almost 
daily irrigations, while the 7% level represented al- 
most complete depletion of readily available soil-water. 
The 3% and 5% levels were within the range of com- 
mon irrigation management practices on sandy soils 
similar to Lake fine sand. 

Three depths of irrigation were simulated to oc- 
cur. These were l-cm and 3-cm applications, and a 
variable application of sufficient depth to restore the 
soil profile to field capacity. ‘These values were chosen 
in order to simulate the range the irrigation depths 
that could occur. Irrigation interception losses were 
calculated as functions of the canopy leaf area index 
as rainfall was. Evaporation losses which occur because 
water is sprayed through the air are functions of the 
evaporative demand and type of irrigation systems used 
(Pair, 1969). In this work those evaporation losses were 
calculated as 10% of the depth of irrigation (Pair, 
1969). 

Weather inputs consisted of daily rainfall and pan 
evaporation values. Rainfall data were used to update 
the soil-water status on a daily basis, and pan evapora- 
tion data were used on an index of potential evapo- 
transpiration and crop-water use. Because rainfall dis- 
tributions are critical to irrigation management strat- 
egies, 10 years of daily weather data from National 
Weather Service records were used to evaluate the 
long-term effects of precipitation distributions for 
Gainesville. 

RESULTS AND DISCUSSION 

The simulation model illustrated in Fig. 2 was 
used to study the effects of various irrigation manage- 
ment strategies on irrigation requirements and water 
use efficiency for soybean production on Lake fine sand 
at Gainesville, Florida. Actual weather records for a 
10-year period of time were used in this study, and all 
results are presented as the averages of ten simulated 
growing seasons. 

Figure 7 illustrates the effects of four water deple- 
tions and three irrigation application depths required 
during the growing season. Smaller applications re- 
quired more numerous applications. Also, as allow- 
able water depletions were decreased before irrigations 
were scheduled, larger numbers of irrigations were re- 
quired. 

In Fig. 8, the effects of the management decisions 
on seasonal soil water requirements are shown. The 
greatest amount of water was required to be supplied 
at all depletion levels by the practice of replenishing 
the entire soil profile to field capacity (NWD _ prac- 
tice). This occurred because irrigations at the l-cm and 
3-cm levels (below NWD) allowed for storage of some 
of the precipitation which occurred immediately after 
irrigations. ‘Therefore, rainfall became more effective 
in contributing to crop water requirements. Also, 
greater amounts of water were restored to the crop 
root zone by irrigation as the allowable water deple- 
tion level was decreased. Again, this occurred because 
soil-water contents were always maintained near max- 
imum levels, and there was little available storage 
space for rainfall. 

Effective rainfall is that which is stored in the crop 
root zone and available for use. In Fig. 9, effective rain- 
fall decreased with a decrease in allowable water deple- 
tion. It was also less for those management practices 
which replenished all or most of the water deficit in 
the crop root zone. 
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Fig. 9.—Effective rainfall as a function of irrigation manage- 
ment practices. 

Frequent, small applications increased effective 

rainfall; however, the soil surface was wet frequently, 
and nonproductive evaporation losses also increased. 
Figure 10 shows the effects of the factors simulated on 
evaporation losses. Because of the frequent, short dura- 
tion rainstorms common to the Gainesville area, there 
was little effect of depth of application on seasonal 
evaporation losses. There was a slight increase in 
evaporation losses as very frequent irrigations were 
scheduled for the allowable water depletions of only 
1%. In those cases the soil surface was almost con- 
tinuously wet from either irrigation or rainfall. 

Irrigation requirements include soil-water require- 
ments, as well as evaporation, wind drift, and intercep- 
tion losses during sprinkler irrigation. ‘Those com- 
ponents were simulated and summed to produce the 
results given in Fig. 11. At large allowable water 
depletions, irrigation requirements were considerably 
greater when the entire soil profile was refilled at each 
irrigation than when only a portion of the profile was 
restored to field capacity. At lower allowable deple- 
tions, those differences were less significant. In general, 
this occurrence depends upon the soil hydraulic prop- 
erties and rainfall distributions for the specific site. 

In Fig. 11, the NWD treatment required the great- 
est total amount of water to be pumped, because rain- 
fall was not used effectively as previously discussed. 
The I-cm treatment required the second-greatest 
depths of irrigation because evaporation and intercep- 
tion losses were great due to the frequent irrigations 
and wet soil surface. 

Irrigation water use efficiency can be expressed in 
several ways. In Fig. 12, water use efficiency was ex- 
pressed as a percentage, and was calculated as a ratio 
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Fig. 12.—Water use efficiency as influenced by allowable water 
depletions and application depth. 

of water requirements in the plant rooting zone to 
rainfall plus water pumped. The best option was the 
3-cm water application depth. Further use of this 
simulation model would allow further refinement of 
the depth of application, although it is apparent that 
there is only little improvement to be made over the 
range of values studied here. If the 10 years of weather 
records are representative of long-term occurrences, it 
is apparent that for the sandy soils (and, therefore, 
limits on soil water depletion levels) and frequent rain- 
fall occurrences in the Gainesville area, water use 
efficiency can be increased and irrigation requirements 
decreased by allowing the soil to act as a reservoir to 
increase effective rainfall. At irrigation depths of less 
than NWD, irrigation requirements are insensitive to 
depth of application. 

The conclusions obtained from this study were 
based on the criteria of irrigation applications and 
water use efficiency only. An optimum irrigation man- 
agement strategy should be an economic decision, in- 
cluding such factors as labor costs for frequent small 
irrigations versus those for less frequent, larger ones. 
The results presented here do, however, provide the 
framework for such economic decision model. 

Additional research should be directed toward re- 
fining components of this model. Effects of water de- 
pletions upon yield reductions should be studied. In 
this model it was assumed that irrigations occurred 
instantaneously and that yield reductions did not
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occur due to changes in soil-water content. The range 
over which that assumption is valid should be inde- 
pendently evaluated. Also, the dynamics of soil-water 

fluctuations should be included, especially as they in- 
fluence soil-water and evaporation losses. 

SUMMARY AND CONCLUSIONS 

A numerical simulation model was developed to 
study the effect of various sprinkler irrigation manage- 
ment practices on crop water use efficiency. This model 
allows the user to simulate the scheduling of irriga- 
tions for crop production. Model inputs required were 
climatic, crop, and soil variables, specifically including 
daily rainfall, pan evaporation, soil-water-capacity 
function, effective rooting zone of the crop, and water 
use coefficients versus time. 

This model simulated a daily soil-water balance and 
crop-water use, with the assumption that soil-water 
contents did not decrease transpiration rates. In this 
work, four levels of soil-water depletion and three 
magnitudes of irrigation depths were studied using 10 
years of daily rainfall records for Gainesville, Florida. 
Seasonal irrigation requirements were found to de- 
crease with both greater allowable water depletions 
and with smaller depths of application. ‘This was due 
to effective rainfall increasing with the same factors. 
Seasonal evaporation losses were found to be un- 
affected by depth of applications and only mildly af- 
fected by decreases in allowable water depletions. ‘This 
was because evaporation rates remained fairly high due 
to frequent rainstorms. 

Seasonal irrigation requirements were found to be 
less for an intermediate application depth, because 
evaporation and interception losses were great for 
small, frequent application, and because effective rain- 
fall was low for large, infrequent applications. The 
optimum is specific for a given set of soil, crop, and 
climatic conditions. 
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The paper by T. L. Yuan, M. C. Lutrick, and W. K. 
Robertson entitled “Response of Soybeans and Oats to 
Lime, Phosphorus, and Potassium on a Paleudult’” was 

printed in error in the last issue of this Proceedings 
(Soil and Crop Sci. Soc. Fla. Proc. 38: 116-121). Figures 
3 and 4 are repetitions. Figure 4 should be as follows: 
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Soil-Water Characteristics of Histosols 

as Related to Water Table Depth’ 
G. S. RAuI AND S. F. SHrH? 

ABSTRACT 

Soil water characteristics, imperative for designing 

efficient water management systems, were studied in 
subsiding organic soils (Histosols) in relation to dif- 
ferent water table depths. Soil samples were collected 
at 5 to 15 and 15 to 30-cm depths from lysimeters where 
water tables were maintained at 30, 60, and 90 cm 
below the surface for about 3 years. A sugarcane 
(Saccharum officinarum 1.) crop was in its second 
ratoon at the time of sampling. Results indicate that 
water-yield coefficient values of the soil from the 60 
and 90-cm water tables (WT) were 2 to 3 fold of those 
obtained for soil from the 30-cm WT treatment. ‘The 
soil from the 15 to 30-cm depth in the 30-cm WT 
treatment showed 5 to 10 times higher degree of re- 
sistance to initial wetting as compared with soil from 
the 5 to 15-cm depth in the 30-cm WT and from the 
5 to 30-cm depth in the 60 and 90-cm WT treatments. 
The soil from the 15 to 30 cm depth in the 30-cm WT 
combination also retained about 10 to 15% less water 
at a given tension and released available water rela- 
tively faster than soil taken from other depths and 
water table combinations at tensions higher than 4 
bars. This layer of soil also appeared to possess 2 to 3 
times lower saturated conductivity and capillary con- 
ductivity at a given degree of saturation as compared 
with soil from the other sampling combinations. 

Additional Index Words: Physical properties of 
organic soils, Water yield coefficient, hydrophobic 
nature of organic soils. 

The study of soil water characteristics of organic 
soil is very important for developing efficient water 
management systems, especially in presence of high 
water tables as recommended to reduce subsidence of 
organic soils. High water tables not only require more 
water for irrigation, but they also require more pump- 
ing for drainage after a heavy rainfall (Shih and 
Gascho, 1980). However, the rate and amount of water 

to be added or drained under specific conditions for 
crop production largely depend on the water storage, 
transmission, and release characteristics of the soil. All 
of these properties are intimately related to the soil- 
water characteristic of the soil. 

A number of studies were reported in the literature 
on the physical properties of organic soils in relation to 
degree of humification and use of water-control sys- 
tems. Some of the related studies include those of 
Boelter (1969, 1972) in Minnesota, Okruszko (1969) 
in Poland, Korpijaakko and Radforth (1972) in Can- 
ada, Egglesmann (1972) in Germany, Pessi (1956) in 
Finland, Clayton et al. (1942) and Weaver and Speir 
(1960) in Florida, Boggie and Robertson (1972) in 
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Scotland, and Galvin (1972) in Ireland. Evaluation of 
physical characteristics was also a significant com- 
ponent of many other studies conducted on muck soils 
(Zelazny and Carlisle, 1974; Farnham and Finney, 
1965; Feustel and Byers, 1930; and Hanrahan, 1954). 
Most of these studies were conducted without any par- 
ticular relation to different water table depths. Lahde 
(1972) studied seasonal variations in aerobic limits and 
Pessi (1956) investigated thermal relations of organic 
soils. Both of these studies were done in relation to 
water table depths. The magnitude of subsidence and 
microbial activity in relation to high water tables 
were reported under subtropical conditions of south 
Florida by many workers (Neller, 1944; Stephens, 1969; 
Volk, 1972; and Tate, 1979). Unfortunately, not much 
information is available on the concomitant physioco- 
chemical changes induced by high water tables main- 
tained for long times. ‘The main objective of this study 
was to evaluate any variations induced by high water 
table that might be of consequence in designing ade- 
quate water management systems on organic soils. 

MATERIALS AND METHODS 

‘These studies were conducted under simulated 
conditions in 1.2 m deep and 5.5 m diameter lysimeters. 
Water table depths in these lysimeters were controlled 
at 30, 60, and 90 cm below the soil surface in duplicate. 
Organic soil was packed in the lysimeters to the bulk 
density closely representing field conditions. Lysimeters 
were installed 3 years prior to this study by Gascho and 
Shih (1979) to evaluate the performance of sugarcane 
(Saccharum officinarum L.) in relation to different 
water table depths. A crop of sugarcane was in its 
second ratoon when the soil samples were taken. Dis- 
turbed and undisturbed soil samples were taken from 
5 to 15 and 15 to 30-cm depths in each lysimeter. Dif- 
ferent physical parameters monitored are described 
below: 

1. Water-Yield Coefficient: This coefficient meas- 
ured the amount of water released as the water table 
receded in the soil. Undisturbed soil cores were taken 
at two depths from four locations in each lysimeter. 
‘The saturated core samples were subjected to 0.10 bar 
pressure. Amount of water released between saturation 
and 0.10 bar tension was used to represent the water- 
yield coefficient (Boelter, 1969). 

2. Rubbed and Unrubbed Fiber Percentage: ‘These 
percentages were used to indicate the degree of humifi- 
cation of peat. Undisturbed samples in cores were col- 
lected at two depths and four locations in each 
lysimeter. Iwo samples from each depth were used to 
determine the total oven dry mass (105 C). The other 
two samples were analyzed for three main particle size 
fractions, i.e., particles > 1 mm, in between 1 and 0.1 
mim, and particles < 0.1 mm in diameter according to 
the method developed by Farnham and Finney (1965). 

3. Water Drop Penetration Time Test: ‘This test 
was used to measure indirectly the degree of resistance 
to wetting. The test actually measured the degree of 
stability of hydrophobic nature of the soil.
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This test and other subsequent physical property 
determinations were conducted on disturbed soil sam- 
ples. Disturbed soil samples were taken to avoid any 
interference from the roots and other extraneous 
matter in evaluating the physical properties of organic 
soil particles. Soil samples were collected from four 
locations at two depths in each lysimeter. Soil was air 
dried and passed through a 2-mm sieve. 

Smooth surfaces were prepared in triplicate from 
each sample and a medicine dropper was used to get a 
uniform size water drop. The amount of time each 
drop took to disappear was noted. 

4. Saturated Hydraulic Conductivity: Saturated 
conductivity was determined by packing air-dry soil to 
the same bulk density in three layers in brass cores. 
Measurements were made in triplicate by the standard 
technique with constant water head (Klute, 1965). 

5. Soil Water Retention and Release Relations: Soil 
samples from each location were compacted to the same 
density in small cores. The saturated samples were 
subjected to tensions ranging from 1/3 to 15 bars in 
the pressure chamber apparatus. Retention and release 
of volumetric water content were studied as functions 
of tension. 

6. Available Water: Available range of water was 
computed from the difference in the amounts of volu- 
metric water content retained at 1/3 bar and 15 bars. 
This availability range was included to be studied as a 
function of tension to see how the soil texture affected 
water release in relation to degree of unsaturation at 
a given density as far as availability of water to plants 
was concerned. 

7. Capillary Conductivity: Unsaturated hydraulic 
conductivity was computed theoretically from the satu- 
rated hydraulic conductivity and soil water tension re- 
lations using the mathematical relationships of Camp- 
bell (1974). Capillary conductivity was determined to 
study the empirical relation of decrease in hydraulic 
conductivity on a relative basis with degrees of satura- 
tion over the available water range in the organic soils. 

RESULTS AND DISCUSSION 

Results obtained from various physical properties 
were interpreted to establish any trend of change in 
soil-water characteristics of organic soils in relation to 
different water table depths. These studies were con- 
fined to the surface 30-cm depth mainly for the reason 
that predominant microbial activity was found to be 
confined to the top few cm of soil (Tate, 1979). There- 
fore, any changes in the physical properties of the 
medium were probably better reflected in the surface 
soil as affected by its closeness to water table depth. 

Data on water-yield coefficients are given in Table 
1. These values, which vary on the average from 0.11 to 
0.38 cm’/cm, indicate that a larger volume of water 
was released with receding water-table in the 90-cm 
water table than any other water-table combination at 
any depth. The least amount of water was released at 
15 to 30-cm depth in the 30-cm water table treatment. 
These water-yield coefficients were in the range of those 
reported by Boelter (1974) for the moderately de- 
composed to well decomposed peat in Minnesota. One 
probable reason for the lower water-yield coefficient in 
the 30-cm water table depth was the lower amount of 
water retained at both saturation and 1/10 bar tension, 

TABLE 1.—WATER YIELD COEFFICIENTS AS RELATED TO WATER TABLE 

  

DEPTH. 

Water table Depth of Water yield coeff. 
depth sampling (cm3/cm3) 

(cm) (cm) Rep I Rep II Avg. 

90 5-15 40 36 38 
15-30 34 38 34 

60 5-15 35 29 32 
15-30 24 BaD) 24 

30 5-15 15 16 16 
15-30 14 08 ll 
    

which was due to an overall lower total porosity ob- 
served in this soil. 

Proportions of rubbed and unrubbed fiber are 
given in Table 2. Since the differences in the average 
of determined values of various physical properties for 
5 to 15 cm and 15 to 30-cm depths were small for the 
60 and 90-cm water table depths, these values were 
combined and their averages were used for making 
interpretations. The values given in ‘Table 2 in general 
indicate that the proportion of rubbed and unrubbed 
fibers for the 60-cm water table depth was quite close 
to the proportion for the 90-cm depth. These values 
were about 44 and 56%, respectively. However, two 
replication averages did not give consistent results for 
the 30-cm water table treatment, especially at the 15 
to 30 cm sampling depth. The presence of secondary 
and tertiary roots of sugarcane grown for the third 
generation could be partly responsible for these in- 
consistencies in the soil layers above high water table. 

Water drop penetration time results are given in 
Table 3. These results indicate that the soil from the 
15 to 30-cm depth of the 30-cm water table treatment 
was the most resistant to wetting followed by the soil 
zone aboye this hydrophobic layer. Degree of hy- 
drophobic nature of soil from the 90 and 60-cm water 
table combinations were next in that order. However, 
the problem was initial wetting; as the soil became wet 
it behaved as other soil samples. Bond and Harris 
(1964) observed that water repellency in soil was caused 
by metabolic products of microorganisms. ‘Though no 
specific efforts were made to measure degree of swelling 
on wetting, visual observations indicated that soil from 
deep water table combinations swelled noticeably much 
more than soil taken from a shallow water-table depth. 

TABLE 2.—RUBBED AND UNRUBBED FIBER ANALYSIS FOR DIFFERENT 
WATER TABLE DEPTHS. 

  

Water i c 
fanle Sampling Prop. particle size frac. 

depth depth J Sate. 0) SP ea AP 
(cm) (cm) Rep >lmm 01-lmm 0.1mm 

5-30 I 27.37 32.61 40.02 
90 II 29.68 28.05 42.27 

Avg 28.53 30.33 41.14 
5-30 I 27.80 28.59 43.61 

60 II 24.93 31.76 44.31 
Avg 26.06 30.18 43.96 

5-15 I 17.31 31.11 51.58 
30 II 20.52 33.63 45.85 

Avg 18.92 32.37 48.72 
15-30 I 23.22 42.76 34.02 

30 I 17.30 31.80 50.90 
Avg 20.26 37.28 42.46 
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Soil samples taken from the 15 to 30-cm depth in the 
30-cm water-table depth plots did not show any 

swelling effect. Disturbed soil samples gave empirical 

relations without much reflection on the structural 
arrangement of soil particles. However, these studies 
did indicate the changes in the physical nature of 
organic soil particles induced by water table depth. 

Data on saturated hydraulic conductivity are also 
given in Table 3. The data indicate that the conduc- 
tivity was maximum in the 90-cm water table depth 
followed by the 60-cm water table. The saturated con- 
ductivity was the least in samples collected from 15 
to 30-cm depth in the 30-cm water table treatment. ‘The 
lower conductivity in these shallow water table soil 
‘samples could be due to smaller size of particles as is 
also indicated by data given in Table 2. The decreased 
conductivity of the soil layer above the shallow water 
table (30-cm water table depth) could be due to a 
gradual disappearance of hydrophobic character of soil 
particles which then could have dispersed and clogged 
the soil pores. These conductivity values were higher 
by 10 fold than those reported by Weaver and Speir 
(1960), Zelazny and Carlisle (1974), and Snyder et al. 
(1978). The high values were obtained probably be- 
cause the disturbed soil samples were used and they 
were not well packed. 

Retention of volumetric water content at different 
tensions between 1/3 and 15 bars is plotted in Fig. 1. 
The general shape of the curves for all the soils and 
the computed mathematical equations appear to be 
similar to the typical soil water tension relations re- 
ported by Hillel (1971). Soil samples taken from the 
60-cm water-table treatment retained more water than 
samples taken from 90 and 30-cm water-table plots at 
a given tension. However, there was not much differ- 
ence in amount of water retained in soil samples col- 
lected from different water table depth combinations 
except in soil samples collected from 15 to 30 cm in 
‘the 30-cm water table treatment at a given suction. Soil 
from the zone above the shallow water table retained 
about 0.05 to 0.10 cm’/cm# less water at a given degree 
of unsaturation over the available water range. 

Percent available water was plotted as a function of 
tension and is given in Fig. 2. The available volumetric 
water content varied between 0.17 to 0.18 cm?/cm? for 

the 90 and 60-cm water-table treatments at 5 to 30-cm 
depth and 30-cm water table treatment at 5 to 15-cm 
depth. But, for the 30-cm water table treatment at 15 

TABLE 3.—WATER DROP PENETRATION TIME TEST AND HYDRAULIC 

CONDUCTIVITY VALUES FOR SOIL IN RELATION TO WATER TABLE DEPTH. 

  

  

Water 
table Sampling Water drop Sat. 
depth depth penetration conductivity 
(cm) (cm) Rep time (sec) cm/min 

I 7.2 9.86 
90 5-30 II 78 7.81 

Avg 7.5 8.83 
I 3.0 7.12 

60 5-30 IL 4.8 6.12 
Avg 3.9 6.92 

I 9.0 4.70 
30 5-15 II 9.6 6.13 

Avg 9.3 5.41 
I 48.0 2.97 

30 15-30 Il 30.0 3.65 
Avg 39.0 3.31 
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Fig. 1.—Soil water tension relations as affected by water table 
depth. 
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Fig. 2.Percent available water versus tension relations for 
soil from different water table lysimeters. 

to 30-cm depth this value was only 0.14 cm*/cm*. The 
relationship in Fig. 2 indicates that there was no sig- 
nificant difference in the release of available water in 
all combinations before 1-bar suction was approached. 
About 35 to 40% of the available water was released as 
the soil drained to 1 bar suction. At a suction of 8 bars 
nearly 78 to 83% of available water was released in all 
combinations except in soil from the 15 to 30-cm depth 
of the 30-cm water table plots where as much as 94% 
of available water was depleted. This indicated a rela- 
tive decrease in the physical activity of soil particles 
caused by a decrease in surface adsorption forces. In 
the wet range, it is the arrangement and particle size 
that play a dominant role in soil water retention and 
release whereas in the dry range water retention is 
more a function of the soil particles’ surface properties. 

Computed capillary conductivity values were plot- 
ted as a function of volumetric water content (Fig. 3). 
The values in general indicate that capillary conduc- 
tivity decreased about 10 fold from saturation to field 
capacity. Hydraulic conductivity could decrease from 
100 to 1,000 times in this range for many soils as was 

reported by Hillel (1971). The capillary conductivity 
in the water content range of 0.45 and 0.20 cm#/cm3 
decreased only 5 to 8 fold for all combinations except, 

again, in the soil layer lying immediately above the 
shallow water-table. ‘The decrease in conductivity in
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Fig. 3. Calculated capillary conductivity versus volumetric 
water content relations. 

this soil layer was only 3 fold. These water content 
values corresponded to field capacity and 8-bar suc- 
tion, respectively. The unsaturated conductivity values 
appeared to be quite high as compared with most soils. 

From the results of these studies it can be concluded 
that the three factors responsible for water release and 
water retention in soils (i.e., the soil particle size, ar- 
rangement, and physicochemical nature which control 
surface adsorption forces) were affected in organic soils 
by the water table. This was indicated by the changes 
observed in the physical constituents of the soil layer 
above the shallow water table. A decrease in total 
porosity, hydraulic conductivity, and physical water 
adsorption activity, and an increase in hydrophobic 
nature signified the presence of a soil zone that had less 
capacity to hold an additional amount of water not 
only because of its nearness to the water table but also 
because of physical changes induced in the internal 
make up of the soil. This could produce more run- 
off and more erosion and should be given due con- 
sideration in designing efficient water-management 
systems on organic soils of the area. This means that a 
water-management system designed to maintain a high 
water table in organic soils should have adequate 
drainage capability. This is important especially dur- 
ing a wet season to protect crop roots from standing 
water for a long period of time. 
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Major Land Resource Areas in Florida 
R. E. CALDWELL 

ABSTRACT 

‘Three categories of land resource maps used in the 
United States are introduced and briefly defined. They 
are land resource regions, major land resource areas, 
and land resource units. Greater emphasis is given to 
major land resource areas (MLRA’s) as they comprise 
the groupings being considered for a new general soil 
map of Florida presently in preparation. ‘Two earlier 
MLRA maps by the USDA Soil Conservation Service, 
one in 1973 and the other in 1978, are presented and 
discussed as to their suitabilities. Finally, a revised 
MLRA map is proposed for consideration as constitut- 
ing the “Major Land Resource Areas of Florida’ upon 
which the new general soil map of the State should be 
_based. 

Additional Index Words: Land resource maps, 
-MLRA’s, General soil map of Florida, Soil taxonomy, 
Soil survey. 

It is often quite important to assemble and organize 
currently available information concerning land as a 
resource for a wide variety of uses, including agricul- 
tural, industrial, recreational, engineering, and others. 

_Such information can best be presented in the form of 
a map and a report, either of which can be revised as 
improved technology provides new information. 

In the preparation of land resource maps at nat- 
ional and state levels, three categories have evolved: 
(a) land resource regions, (b) major land resource 
areas, and (c) land resource units (1). Land resource 
‘regions consist of geographically associated major land 
resource areas and are most significant for land-use 
planning on a national scale. Major land resource 
areas are defined as consisting of geographically asso- 
ciated land resource units and are most important in 
land-use planning on a state-wide level, although such 
areas also have value in inter-state, regional, and 
national planning. Land resource wnits consist of 
geographic areas of land that are characterized by 
particular patterns of soil and climate. A unit may 
occur as a single continuous area or as several separate 
but nearby areas which usually comprise several 
thousand acres in extent. Many such units are also 
known as soil associations. It is readily apparent, there- 
fore, that uniformity is greatest in land resource units, 
considerably less in major land resource areas, and very 
much less in land resource regions. It is also clear that 
“somewhat similar units may be grouped into a single 
area, and similar areas (in turn) are often grouped to- 
-gether within a single region. 

‘This paper is primarily concerned with the dis- 
tribution and extent of various major land resource 
areas (MLRA’s) in Florida as designated in the past 
and also with suggested changes which more ade- 
‘quately describe each of the MLRA’s and show their 
extent and distribution within the State. 

1Professor (Genesis and Classification), Soil Science Depart- 
ment, Florida Agricultural Experiment Station, Gainesville, FL 
32611. 

HISTORY 

A general soil map of Florida (5) was published in 
1962 which grouped dominant soils into associations 
based primarily on drainage and kind of parent ma- 
terials from which they were developed. A bulletin was 
later published as a supplement to this map which 
described each of the mapping units (4). 

With increased knowledge in regard to soil genesis, 
morphology, and classification, a new system of soil 

classification was adopted for use in the United States 
on | January 1965. The development of this classifica- 
tion scheme began in 1951 and underwent a series of 
revisions or approximations before it was finally pub- 
lished as Soil Taxonomy (6) in 1975. This new system 
treats soil as individual three-dimensional entities 
which can be grouped together according to their 
physical, chemical, and mineralogical characteristics 
(2). Soil taxonomy now requires improved soil profile 
descriptions to greater depths in the field supple- 
mented with specialized laboratory data. This has re- 
sulted in more precise definitions of most older soil 
series and recognition of many new series. For example, 
-some of the soils in the earlier concept of the Lakeland 
soil are now included in I1 other soil series, several of 
which are completely new. 

It is, therefore, necessary that a revised general soil 
map of Florida be published based on present soil 
taxonomy, especially since the previous map and report 
on Florida soils are out-of-date and out-of-print. Prog- 
ress is being made toward this project by personnel of 
the Florida Agricultural Experiment Stations in co- 
operation with the USDA Soil Conservation Service. 

MLRA MAPS OF FLORIDA 

During the early planning of this revised general 
soil map, it was decided to group the various soil asso- 
ciations into MLRA’s (each of which would be dis- 
tinguished from one another on the State map by its 
own color) for ease of presentation and understanding. 
Accordingly, a study was made of various MLRA 
maps of the State of Florida. 

One of these (Fig. 1) by the USDA-SCS in 1973 is 
a slightly revised version of a small MLRA map shown 
in the upper right-hand corner of the previous general 
soil map of Florida (5). While the “Southern Coastal 
Plain” and the “Atlantic Coast Flatwoods” properly 
match up with the adjoining MLRA’s in Alabama and 
Georgia, several other judgments make this map un- 
suitable. These are: (a) the “South Central Florida 
Ridge” extends too far to the north (almost as far as 
the “North-Central Florida Ridge’), (b) the “Southern 
Florida Flatwoods” extend up into Duval County 
which is certainly not part of South Florida, (c) the 
“Atlantic Coast Flatwoods” end in Duval County, but 
the Atlantic Coast certainly extends all the way down 
the eastern coast of Florida, and (d) the “Gulf Coast 
Flatwoods” end near the southern Pasco County 
border, but the Gulf Coast definitely extends much 
farther south along the western coast of the State. 

Perhaps recognizing that changes can be made in 
MLRA boundaries, the Soil Conservation Service
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Fig. 1.—Major land resource areas (SCS 1973). 

(SCS) shows these revisions as occurring in the State 
as of September 1978 (Fig. 2). Here again, the “South- 
ern Coastal Plain” and the “Atlantic Coast Flatwoods” 
match up well with the MLRA’s in Alabama and 
Georgia, but other faults and misnomers still exist to 
make this MLRA map unsuitable. They are: (a) 
the “South-Central Florida Ridge” extends up into 
Alachua and Clay Counties, which are certainly not 
considered to be part of South Florida, (b) the “South- 
ern Florida Flatwoods” still extend up into Duval 
County with a small area shown in Alachua County, 
both of which are much too far north of areas con- 
sidered to be Southern Florida, (c) the “Atlantic 
Coast Flatwoods” still end in Duval County, but the 
Atlantic Coast certainly extends all the way down the 
eastern coast of Florida and, (d) the “Gulf Coast Flat- 
woods” end at the southern boundary of Levy County, 
but the Gulf Coast definitely has flatwood areas farther 
south along the western coast of the State. 

If MLRA’s are indeed to be the broad groupings 
upon which the new general soil map of Florida is to 
be based, it is evident that still more revisions in their 
boundaries and nomenclature are needed in order to 
overcome the objections detailed above. The map 
shown in Fig. 3 was prepared from land area informa- 
tion contained in the Florida General Soils Atlas (3), 
and the names of MLRA’s were also changed to better 
describe the areas involved. 

A study of this MLRA map of Florida reveals those 
changes made to include the following: (a) the “South- 
ern Coastal Plain” and the “Atlantic Coast Flatwood” 
still match-up with the MLRA’s in Alabama and 
Georgia; however, some changes have been incorpo- 

rated in their southern in-State boundaries due to im- 
proved current knowledge, (b) the “Central Florida 
Ridge” includes those areas formerly listed as “North- 
Central” and “South-Central Florida Ridge’, with 

relatively minor changes in boundaries, (c) the “South- 
ern Florida Flatwoods’ has its northern boundary 
moved southward from Duval County to the areas 
including Orange and Brevard Counties, (d) the 
“Atlantic Coast Flatwoods” and the “Gulf Coast Flat- 
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Fig. 3—Major land resource areas (Proposed). 

woods” now extend along the Atlantic and Gulf 
coasts, respectively, in a southerly direction until they 
border a different MLRA, and (e) the “Everglades and 
Associated Areas” are connected (thus differing from 
Fig. 1 and also include the “Southern Florida Low- 
land” shown in Fig. 2). 

It is proposed that this map (Fig. 3) be accepted 
by state and federal agencies, with perhaps only 
slight modifications if necessary, as the ‘Major Land 
Resource Areas of Florida’. To permit the use of 
these MLRA designations on the general soil map to 
be published at a scale of 1:1,000,000, an additional 
map unit entitled “Miscellaneous Land ‘Types’ would 
most probably be needed. It would include such areas 
as coastal beaches and dunes, saltwater marshes and 
swamps, and certain alluvial lands bordering the larger 
rivers such as the Escambia, Apalachicola, and
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Ochlockonee. Due to the scale of the maps in this 
paper, this last proposed MLRA could not be shown. 
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Sulfur Fertilization of Corn Seedlings’ 

C. C. MircHELL, JR. AND R. N. GALLAHER? 

ABSTRACT 

Lack of sulfur (S) in many fertilizer materials used 
on crops under intensive multiple cropping may cause 
plant nutrient imbalances that reduce yield. The 
purpose of this experiment was to determine the need 
for S on two cultivars of corn (Zea mays L.), to evalu- 
ate different sources of S, and to determine the most 
effective method of application of S to corn seedlings. 
A N:S imbalance was observed in emerging corn seed- 
lings in the spring of 1979. This imbalance may have 
been caused by high fertilizer rates and intensive man- 
agement with no S applied to a multiple-cropping, 
minimum-tillage experiment on an Arredondo fine 
sand (loamy, silicious, hyperthermic Grossarenic 
Paleudult) in north-central Florida. Two rates of foliar- 
applied magnesium sulfate and potassium sulfate (5 
and 10 kg/ha S) and one rate of agricultural-grade 
magnesium sulfate, potassium sulfate, and calcium sul- 

fate (10 kg/ha S) were applied to 30-day-old plants of 
a short-season corn grain variety and a full-season corn 
forage variety. 

All of the S treatments increased the S concentra- 
tion in mature leaves of 55-day-old plants and in the 
total plant of the full-season forage variety at harvest. 
However, neither grain nor forage yield or quality was 
influenced by the S treatments. All plants had grown 
out of the S-deficient condition at 55 days. They were 
marginally Mg deficient 21 days after emergence. As 
the plants grew out of the S deficiency, Mg became the 
most limiting nutrient. The short-season variety gave 
a positive yield response to Mg in both the foliar spray 
and in the agricultural-grade material. The full-season 
variety did not respond to the Mg treatments but 
yielded 37% more grain than the short-season variety. 

Additional Index Words: Mg response on corn, 
Multicropping fertilization. 

The sandy soils of north Florida are low in avyail- 
able sulfur (S). Neller (1959) found that the extract- 

1Florida Agricultural Experiment Stations Journal Series Num- 
ber 2220. 

2Graduate Assistant, Soil Science Department, and Associate 
Professor of Agronomy, Agronomy Department, Institute of 
Food and Agricultural Sciences, University of Florida, Gaines- 
ville, FL 32611. 

able sulfate-S concentration of the surface horizons of 
some Florida soils ranged from 0 to 4.5 ppm, and clover 
responded to applications of S in all areas of the state 
(Neller et al., 1951; Neller, 1952). Deep-rooted plants 
are able to utilize adsorbed sulfate associated with the 
clay in lower soil horizons, but seedlings may exhibit 
S-deficiency symptoms when grown on sandy surface 
soils with no S fertilization (Neller, 1959; Ensminger, 
1954). With intensive management, S-free fertilizers, 
and little S available to crops through the atmosphere, 
rainfall, or irrigation, S deficiencies are likely to be- 
come more widespread for crops grown on Florida soils. 

Interest in multiple cropping and minimum tillage 
as intensive management practices is increasing 
throughout Florida. Multicropping practices require 
careful soil fertility management since the several crops 
removed in a season require more nutrients than the 
single crop ordinarily planted. Corn planted in 1979 
in an established, multiple cropping, minimum tillage 
experiment emerged with symptoms of S deficiency. 
Several commercial corn crops in north-central Florida 
were also observed with symptoms indicating S and/or 
Mg deficiencies early in the season. The objective of 
the study reported here was to evaluate different 
S-containing chemicals as fertilizers for correcting the 
S deficiency symptoms observed in the seedling corn. 

MATERIALS AND METHODS 

In 1977, a multiple cropping, minimum tillage ex- 
periment was begun at the Green Acres Agronomy 
Farm in north-central Florida on an Arredondo fine 
sand (loamy, silicious, hyperthermic Grossarenic 
Paleudult). One phase of this experiment involved the 
following cropping system. 

. Wheat (Triticum aestivum L. ‘Holley’) was 
planted in late fall and harvested as forage in 
early spring. 
Two corn (Zea mays L.) hybrids were planted in 
early spring in the wheat stubble. (a) The short- 
season hybrid (‘Dekalb XL-12’) was harvested in 
mid-summer for grain (corn grain system). (b) 
The full-season hybrid (‘Dekalb XL-395A’) was 
harvested for forage at the same time (corn 
forage system). 

3. Forage sorghum (Sorghum bicolor L. ‘Dekalb 
FS24’), millet (Pennisetum americanum L. 

n
N
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‘Gahi 3’) or a sorghum x sudangrass hybrid 
(Sorghum sudanense (Piper) Stapf ‘Dekalb 
SX16’) was planted after the corn and harvested 
for forage in the fall. 

From the spring of 1977 to the spring of 1979, seven 
crops were grown and harvested on the experimental 
site. High rates of N, P, and K and dolomitic limestone 
were applied to produce the crops, but no S was ap- 

plied. 
In the spring of 1979, corn seedlings of both the 

short-season (85-90 day) grain variety and the full- 
season (120-125 day) forage variety emerged with 
S-deficiency symptoms. Analysis of samples of the 21- 
day-old seedlings verified the symptoms as a N:S im- 
balance. 

The corn plots of the multicropping experiment 
were subdivided into a split-plot experiment with two 
corn varieties as the main plots. Eight S treatments 
were applied as either foliar sprays or agricultural- 
grade material (Table 1). Treatments were replicated 
five times. The foliar sprays were applied in two ap- 
plications, 10 days apart, beginning when the plants 
were 30 days old. All of the agricultural grade ma- 
terials were applied when the plants were 30 days old. 

Leaf samples were taken from the uppermost, ma- 
ture leaves 14 days after the final foliar fertilization 
(pretassel stage for Dekalb XL12). Leaf samples were 
dried at 70 C in a forced-air oven, ground to pass a 
l-mm screen, ashed, and analyzed for P, K, Ca, Mg, Zn, 

Cu, and Mn. Nitrogen was determined by an auto- 
mated procedure with a Technicon AutoAnalyzer. A 
100-mg sample of the dry, ground tissue was placed 
into a 75-ml pyrex test tube. These samples were di- 
gested in a mixture of 10 ml concentrated H,SO,, 2 ml 
of H,O,, and 3.2 g of a salt-catalyst mixture (90% 
K,SO,: 10% CuSO,) with three boiling chips for 2.5 
hours on an aluminum block heated to 385 C. The 
digested liquid was then diluted to 75 ml with distilled 
water and analyzed for N. Sulfur was measured by a 
turbidometric method after pre-digestion with a Mg 

TABLE 1.—Sources, RATES, AND METHODS OF APPLICATION OF S. 

  

Source S rate} Method 
  

kg/ha. 

Magnesium sulfate 5 Foliar spray 
(MgSO,-7H,O) 

Magnesium sulfate 10 ” ” 

(MgSO,-7H,O) 

Potassium sulfate 5 ” ” 

280, 

Potassium sulfate 10 " ” 

(K,SO,) 

Magnesium sulfate 10 Soil applied 
(Agricultural grade) 

Potassium sulfate 10 
(Agricultural grade) 

Calcium sulfate 
(Agricultural grade) 10 

Check 0 — 

  

{Foliar sprays were applied to 30-day old seedlings in two 
applications, 10 days apart. Agricultural grade material was ap- 
plied to soil in one application. 

(NO,)./HNO, solution and ashing in a muffle furnace 
(Massoumi and Cornfield, 1963; Chaudry and Corn- 
field, 1966). The residue was dissolved in 0.1N HCl. 
For analyses of the other nutrients, 1 g of plant tissue 
was ashed in a muffle furnace, dissolved in 0.1N HCl 
and brought to 100 ml volume. Phosphorus concentra- 
tion was measured with a Technicon Auto-Analyzer. 
Potassium was determined by flame emission, and the 
other cations were determined by atomic absorption 
spectrophotometry. 

Dekalb XL-12 was harvested for grain 122 days after 
planting. At the same time, Dekalb XL-395A was har- 
vested for forage by removing the above-ground por- 
tion of the plant. Whole-plant samples were taken from 
the forage corn. Grain samples were taken from both 
varieties. 

‘The soil was sampled from an area adjacent to the 
experiment. Samples were collected from four depths, 
0 to 15 cm, 15 to 30 cm, 30 to 60 cm, and 60 to 80 cm. 
Samples were screened and air dried. Extractable 
SO,-S was determined by extracting the soil with a 
0.01M Ca(H,PO,),. H,O solution and determining S 
turbidometrically (Ensminger, 1954; Fox et al., 1964). 

RESULTS 

Analyses of the 21-day-old seedlings are reported in 
Table 2. These plants were definitely low in S with an 
average S concentration of 0.12%. The critical con- 
centration of S in young corn plants has been reported 
to be around 0.20% (Fox et al., 1964; Stewart and 
Porter, 1969; Jones and Eck, 1973; ‘Terman et al., 
1973). The N:S ratios of 39 and 42 for the two cultivars 
were larger than the optimum of 16 for plant protein 
(Terman et al., 1973). The seven harvested crops in the 
corn grain system and the corn forage system removed 
an estimated 48 and 63 kg/ha S, respectively, during 
the two previous years (Table 3). No fertilizer S was 
applied during this time. Removal of N,P,K, and Mg 

in the harvested portion of the crop was calculated to 
be in balance with that applied. 

Applied S from non-Mg sources had no significant 
effect on the final grain yield of either variety of corn 
(Table 4). The full-season variety (Dekalb XL395A) 
yielded 37% more than the short-season variety. This 
may be attributed to the fact that the long-season corn 
had a longer growing period in which to recover from 
the initial stunting due to the severe S deficiency. The 
short-season variety never fully recovered and prob- 
ably was unable to develop an extensive root system 
before flowering. 

TABLE 2.—MINERAL CONCENTRATION OF 21-DAY-OLD CORN SEED- 

  

  

LINGS. 

N S P K Ca Mg N/S 

BU EE MP Tre Me de fae Be ak Al ati 

Dekalb XL12 462 0.117 0.83 3.39 042 0.19 39 
(grain) 

Dekalb XE395A 5:04 0121 0.87 3.15, 0:39! (0.20 42 
(forage) 

Critical 
levelst 3.5 0.20 0.40 3.0 O20 OFD 16 

  

+All values are the means of five replications. 
Fox et al., 1964; Stewart and Porter, 1969; Jones and Eck. 

1973; Terman et al., 1973.
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TABLE 3.—NUTRIENTS APPLIED AND REMOVED FROM THE SOIL BY TWO CROPPING SYSTEMS OVER A 2-YEAR 

PERIOD. 

    
  

  

  

: : Dry : 
Nutrients applied matter Nutrients removed 

Crop Year N P K Met harvested N P K Mg St 

Seen oe eee ese eR EE USA, a 

Corn grain system 

Wheat forage 1977 lll 18 84 385 2,985 63 ll 58 4 3 
Corn grain Mt 188 34 297 3,620 66 14 14 4 4 
Summer forage Ye 113 0 0 0 7,530 105 29 177 20 15 
Wheat forage 1978 nore 18 84 0 2,504 59 10 63 4 3 
Corn grain Wy 188 34 297 0 5,870 86 19 29 6 6 
Summer forage MG 113 0 0 0 6,844 79 16 151 7] 14 
Wheat forage 1979 Ill 18 84 0 3,124 91 13 60 4 3 

TOTAL 935 122 846 5 32,474 549 105 552 59 48 

Corn forage system 

Wheat forage 1977 lll 18 84 385 2,930 63 ll 61 8 3 
Corn forage vy 188 34 297 0 23,940 268 53 306 36 19 
Summer forage u 113 0 0 0 6,269 122 19 137 19 13 
Wheat forage 1978 Ill 18 84 0 2,334 57 17, 67 4 2 
Corn forage We 188 34 297 0 12,940 131 27 107 21 10 
Summer forage ff 113 0 0 0 6,255 72 16 126 17 13 
Wheat forage 1979 111 18 84 0 3,048 86 12 66 4 3 

TOTAL 935 122 846 5 57,716 799 150 870 104 63 

  

‘Mg from 4.5 metric tons/ha of dolomitic limestone containing 30% MgCO,. 
+S removal estimated from tissue analyses from 1979 samples and from values reported in the literature. 

TABLE 4.,—LEAF AND GRAIN ANALYSES AND YIELDS OF TWO CORN CULTIVARS AS AFFECTED BY RATES OF 
FOLIAR APPLIED S. 

  

Leaf analysis at 55 days 
  

Grain analysis at harvest 
  

  

  

S Mg:cation Mg:cation Yield 
rate S* N Mg Ca ratio S N Mg Ca ratio Grain ‘Forage 

pec Ta = ee _. quintal/ha __ 
Dekalb XL-12 (short-season) 

0 0.17c* 2.67 0.10 0.25 0.11 0.11 1.65 0.12 004 0.49 26a = 
5 0.21b 2.50 0.12 0.23 0.12 0.11 1.71 0.12 002 0.48 30a ad 

10 0.25a 2.48 0.12 0.23 0.12 0.10 1.74 0.12 003 0.48 29a = 

Dekalb XL-395A (full-season) 

0 0.18c 2.47 0.09 0.18 0.10 0.11 eas 0.11 .003 0.50 48ab 96a 
5 0.22b 2.53 0.11 0.19 0.11 0.11 1.43 0.12 002 0.50 45ab 102a 

10 0.26a 2.69 0.11 0.19 0.12 0.11 1.46 0.11 .002 0.50 52a 100a 
    

*Means followed by the same letter are not significantly different by Duncan’s multiple range test at the 0.05 level within each variety. 

The MgSO,.7 H,O foliar sprays and the agricultural 
grade MgSO, significantly increased grain yield of the 
short-season variety at the 5% level of probability over 
the other treatments (Fig. 1). These results warranted 
a closer look at the Mg status of the plants. The tissue 
analysis of the 21-day old seedlings indicated a Mg 
concentration of 0.19% in the short-season variety 
(Table 2). While this level is marginal in seedling 
corn (Jones, J. B., 1974), it did not concern us as much 
as the N and S imbalance. Dolomitic limestone had 
been applied to all plots the previous year at the rate 
of 4.5 metric tons/ha (approximately 385 kg/ha Mg). 
By the time the plants were 55 days old, S concentra- 
tion had increased in the leaves of plants from the 
check plots to 0.17 and 0.18%, which is considered to 
be above the critical level for plants of this age (Tables 
4 and 5). All of the S treatments increased the S con- 
centration of the tissue significantly over that of the 
check, but did not affect yield of grain or forage. The 
N:S ratio had decreased to an average of 11 for the 

treated plots and 16 for the check plots. These values 
were within the optimum range, indicating an ade- 
quate ratio of N and S in the plant tissue. This was 
observed in each variety. However, the Mg concentra- 
tion of the tissue continued to decrease below a critical 
level in all treatments. ‘The MgSO,.7 H,O foliar sprays 
tended to increase the Mg concentration of the tissue, 
but these differences were not significant at the 5% 
level of probability (Table 5). The significant increase 
in yield of the Mg-treated plots of the short-season 
variety could have had a dilution effect on the Mg 
concentration in the tissue. ‘The same trend in Mg con- 
centration was observed in the whole-plant samples 
of the full-season forage variety (Table 5). However, 
neither grain nor total forage yield of the full-season 
variety was influenced by any of the treatments. The 
depressed yield of Dekalb XL395A by the soil-applied 
MgSO, cannot be explained by any of the treatment 
variables. 

The Mg:total cation ratio in the plant tissue was
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Fig. 1.—Effect of MgSO, treatments on grain and forage yields 
of two co’'n cultivars. 

calculated, but these values, like Mg, were not very 
closely correlated with yield (Tables 4, 5, and 6). The 
N:S ratios in whole-plant samples of the forage corn 
at harvest were different in samples from treated plots 
(vatio=16) and check plots (ratio=18). However, all 
values were close enough to the optimum that no sig- 
nificant differences in yield or quality of the forage 
would be expected. 

TABLE 6.—MINERAL ANALYSIS OF FORAGE AT HARVEST (122 DAYS) 
oF DEKALB XL395A AS AFFECTED BY SOURCE AND METHOD OF APPLI- 

CATION. 

  

Forage analysis at harvest 

Method of Mg:cation 
Source application S N Mg Ca ratio 

ee ES Sd Sy tS 
MgSO,-7H,O foliar 0:08 1-19) 0:14 014 0.28 

u soil OWS A OA Wi 0.22 
K,SO, foliar 0 UR OMA ONE) 0.26 

i soil @@3 iil Oi O28 0.30 
CaSO ,.-2H,O soil OW/ iPAl Os} Wake 0.25 
Check = O0/ A OB O16} 0.25 

Because S is an essential component of plant pro- 
tein, and protein is one of the important properties 
contributing to the quality of forage and grain (Tis- 
dale, 1977), mineral concentrations of the grain sam- 
ples were studied (Tables 4 and 5) to evaluate the 
effect of S treatments on grain quality. There were no 
significant treatment effects on the S$, N, or Mg con- 
centration of the grain samples and no differences in 
the N:S ratios or Mg: total cation ratios. 

DISCUSSION 

Intensive cropping of these plots during 2 years 
removed large quantities of nutrients from the soil. 
The forage corn system removed 799, 150, 870, and 
104 kg/ha of N, P, K, and Mg, respectively, from the 
soil over the 2-year period. During this same period, 
935, 122, 846, and 385 kg/ha of N, P, K, and Mg were 
applied (Table 1). No S had been applied to the soil, 
but an estimated 63 kg/ha of S was removed in the 
forage-corn system. The grain corn system removed 
approximately 48 kg/ha S. Since most of the above- 
ground portion of all crops was removed from the 
plots, there was no opportunity for S to be returned to 
the soil surface as organic matter. Consequently, S was 

TABLE 5.—Errect oF § soURCE AND METHOD OF APPLICATION ON YIELD AND LEAF AND GRAIN ANALYSES 

OF TWO CORN CULTIVARS. 
  

    

  

Leaf analysis at 55 days Grain analysis at harvest Yield 

Method of Mg:cation Mg:cation 
Source application S N Mg Ca ratio SS) N Mg Ca ratio Grain Forage 

he eee oj eee gerne tty SO tooo set ons ee _.. quintal/ha __ 

Dekalb XL-12 (short-season) 

MgSO,,-7H,O foliar OF} O83 O18 ORs 0.12 ONO — dei ON A010} 0.48 34a* _— 
4 soil 023 89 O10 O28 0.12 OI Gael e/.3 ee Os) 2m OO 0.47 32a — 

K,SO, foliar O73 Ag Ol O28 0.12 O10 ike O12 Go 0.48 eC _— 
¥, soil OFZ 42:5 Olen Otten 0824: 0.12 Qi vO OW Wy 0.47 26 be — 

CaSO,.2H,O soil Of 20l O12 O2F OZ 0.11 169 0.12 .002 0.55 27 be — 
Check 0.17 267 0.10 0.25 0.11 OSE eee cG ome 0: 2a 004: 0.49 26. be _— 

Dekalb XL-395A (full-season) 

MgSO,,-7H,O foliar O23 25 Obl One) 0.12 O11 144 012 .001 0.50 49ab 97ab 
i soil O22 Bad” O10 O20 0.10 Ot 1} OLB OOH 0.50 35 b 79 b 

K,SO, foliar O45 Bis Ont Ono 0.11 O10 Nee O12 WO 0.50 48ab 106ab 
i soil O23 845 Oil OA 0.11 OQ Wea Obl 0.49 46ab 99ab 

CaSO,.2H,O soil 023° Os O08 O20 0.10 OFT ieee 5 lee Or 2005) 0.51 46ab 98ab 
Check Os Aghy OM) O18} 0.10 OTe le 44s Os Tinea 003 0.50 47ab 96ab 

  

*Means within varieties followed by the same letter are not significantly different at the 0.05 level by Duncan’s multiple range test.
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depleted from the surface horizons. The preceding 
wheat crop had immobilized any available S during 
the fall and winter months, and there had been no 
opportunity for microorganisms to mineralize soil or- 
ganic S and the S immobilized in the wheat stubble. 
An insufficient amount of soil S was available to the 
emerging corn seedlings in the early spring. High rates 
of fertilizer N prior to planting antagonized the N:S 
imbalance in the young plants. Magnesium uptake was 
probably reduced by the high K rates applied prior to 
planting. Double-acid extractable Mg averaged 25 ppm 
in the upper 30 cm of soil in the experimental area. 

All plants were able to grow out of the S-deficient 
condition as the roots reached adsorbed S associated 
with the argillic horizon in this soil. Soil analyses indi- 
cated increasing extractable sulfate-S with depth in the 
horizon. 

OE lbema(Apyhormzon) == 2.2 ppm S 
15-30cem (A21 horizon)______ 2.8 ppm S 
30-60cem (A22 horizon)... 3.5 ppm S 
60-80cm (Bt horizon)___ 16.4 ppm S 

Increased mineralization of organic S later in the 
season probably also contributed to the improved S 
nutrition in the plants. 

CONCLUSIONS 

Neither foliar sprays of S as potassium sulfate nor 
soil-applied S as potassium sulfate or gypsum at 10 
kg/ha had any effect on grain or forage yield of Dekalb 
XL-12 or Dekalb XL-395A hybrid corn. All S treat- 
ments increased the S concentration and improved the 
N:S: ratio of mature leaves at 55 days in both corn 
varieties and in the total plant of the Dekalb XL395A 
at harvest. Sulfur treatments had no effect on the 
quality or mineral analysis of grain samples of either 
variety. 

All plants were marginally Mg deficient 21 days 
after emergence. As the plants grew out of a S-deficient 
condition, Mg became the most limiting nutrient. The 

short-season variety (Dekalb XL12) responded to Mg 
in both the foliar spray and in the agricultural-grade 
material with increased grain yield. The full-season 
variety did not respond to the Mg treatments. This 
variable response may be explained by the fact that the 
full-season variety was able to utilize more soil Mg and 
had a longer period in which to recover from the 
stunting of the early-season deficiencies. 
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The Response of the Three Perennial Warm-Season Grasses 
to Fertilizer Nitrogen on Eaugallie Fine Sand 

(Alfic Haplaquod) in Central Florida’ 
W. G. Buiug, C. L. DANTZMAN, AND V. ImPITHUKSA2 

ABSTRACT 

‘Three warm-season perennial grasses—Pensacola 
bahiagrass (Paspalum notatum Fliigge), Ona stargrass 
(Cynodon nlemfuensis Vanderyst var. nlemfuensis), and 
Transvala digitgrass (Digitaria decumbens Stent.)— 
were compared for response to applied N on EauGallie 
fine sand (Alfic Haplaquod) at the Agricultural Re- 
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spectively, University of Florida, Gainesville, FL 32611. 

search Center, Ona, Florida. The experiment was a 
split-plot design with plant species as main plots and 
N rates—0, 112, 224, and 336 kg/ha/year—as subplots. 
Lime, S, and micronutrients were applied uniformly, 
and P and K in a 2:0.4:1.6 ratio with the N applied. 
Forage was harvested four times/year, and macro- 
nutrients were applied two times/year—one half at the 
beginning of the growing season in March and one 
half after the second harvest approximately 1 July. 
Grasses were planted on 3 October 1974; differential 
fertilization and forage harvests were made from 1975 
through 1979. Forage yields were very large in 1975, 
especially from Ona stargrass and Transvala digitgrass, 
compared with succeeding years. Forage N contents for
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1975 were also large compared with succeeding years; 
they were approximately two times as large from Ona 
stargrass and ‘Transvala digitgrass as from the Pensa- 
cola bahiagrass. Stolon-root mass and N content at the 
end of 1975 from Pensacola bahiagrass were approxi- 
mately twice those from Ona stargrass and four times 
those from ‘Transvala digitgrass. Biomass yields from 
Pensacola bahiagrass and Ona stargrass for 1975 were 
larger than from Transvala digitgrass, but biomass N 
was larger from Ona stargrass than from Pensacola 
bahiagrass and Transvala digitgrass. The large bio- 
mass production and N contents during the first year 
were primarily a consequence of enhanced mineraliza- 
tion of soil N following application of lime and dis- 
turbance of this virgin soil. Subsequently, forage pro- 
duction and N contents were comparable to those 
from other long-term experiments; growth response to 
N rates differed for the three grasses, but maximum 
forage yields were similar. Stolon-root mass from Pensa- 
cola bahiagrass at the end of each season was approxi- 
mately twice that from Ona stargrass and three times 
that from Transvala digitigrass. In spite of differences 
in stolon-root masses, forage N contents of the three 
species in response to increasing N rates were not dif- 
ferent and can be represented by the equation 

Y = 25.3 + 0.397X + 0.0003X2 

where Y = forage N contents and X = N applied, 
each expressed as kg/ha. 

Additional Index Words: Paspalum notatum 
Fliigge, Cynodon nlemfuensis Vanderyst var. nlem- 
fuensis, Digitaria decumbens Stent., Spodosol, Nitro- 

gen uptake, Stolon-root mass, Biomass. 

We have been studying N use efficiency primarily 
by Pensacola bahiagrass (Paspalum notatum Fliigge) 
on Florida Spodosols and Entisols intensively for the 
past 20 years. Several factors which can affect N losses 
are leaching, denitrification, and NH, volatilization. 

Soil pH control, N sources, N rates, multiple N appli- 
cations, seasonal timing of N applications, effect of 
stolon-root mass, rate of N absorption by plants, and 
annual N fertilization repeated over several years have 
been studied (1, 2, 3, 5, 6, 8, 9). These factors could 
ultimately affect N utilization by plants. Of these, only 

repeated annual N fertilization has given increased 
N-use efficiency. Increased N uptake with time was 
due in part to development of a relatively stable 
stolon-root mass with respect to immobilization of N 
and perhaps to mineralization of N immobilized 
temporarily in soil organic matter. 

Pensacola bahiagrass develops a large stolon-root 
mass with N rates of 100 kg/ha/year or more. Nitrogen 
concentrations and contents in the stolon-root mass 
depend on N rates (4). Nitrogen absorption rates are 
dependent on N application rate and may be as high 
as 6 kg/ha/day (8). This absorbed N, depending on 
temperature and soil moisture, may be stored in the 
stolon-root system and translocated as needed for top 
growth. Many perennial grass species that have been 
introduced have smaller, less permanent stolon-root 
massees than the bahiagrass. Differences in plant 
morphology could affect N absorption rates, partic- 
ularly during adverse climatic periods for plant growth. 

The objectives of this experiment were to compare 

Pensacola bahiagrass which has a large, relatively 
permanent stolon-root mass with two species—Ona 
stargrass (Cynodon nlemfuensis Vanderyst var. nlem- 
fuensis) and Transvala digitgrass (Digitaria decumbens 
Stent.)—which have smaller, less permanent systems for 
growth response to fertilizer N and N uptake in plant 
components. 

MATERIALS AND METHODS 

The experiment was established on virgin Eau- 
Gallie fine sand (sandy, siliceous, hyperthermic Alfic 
Haplaquod) at the Agricultural Research Center (Ona) 
in central Florida. A cultivar of each of three grass 
species—Pensacola bahiagrass, Ona _ stargrass, and 
Transvala digitgrass—constituted the main plots which 
were 5 X 10 m. Four N rates were the subplots and 
were 2.5 X 5 m. There were four replications. Borders 
between replications were 3 m wide. 

The soil received 3.75 metric tons/ha each of 
calcitic and dolomitic lime on 15 August 1974 prior to 
planting the grasses on 3 October; 54, 12, and 22 kg of 
N, P, and K/ha, respectively, were applied on 10 
October following planting. A micronutrient frit was 
applied uniformly to all plots also on 10 October 1974 
at 34 kg/ha and gypsum was applied annually at 240 
kg/ha to supply adequate S. Nitrogen was applied 
annually at rates of 0, 112, 224, and 336 kg/ha as 

NH,NO, with one half applied during the latter part 
of March and one half following the second forage 
harvest on approximately 1 July. Phosphorus as triple 
superphosphate and K as KCl were applied with the 
N to give a N:P:K ratio of 2:0.4:1.6 (N:P,0;:K,O 
ratio of 2:1:2); the 0 and 112 kg/ha N rates received 
the same amounts of P and K. Forage was harvested 
four times per year as nearly as possible to 15 May, 1 
July, 10 August, and 1 October. Pensacola bahiagrass 

was harvested to a 3-cm stubble while Ona stargrac« 
and Transvala digitgrass were cut 7 cm above the soil 
surface. Stolon-root samples were collected after the 
fourth forage harvest on 1 October of each year. Stolon- 
root samples were washed thoroughly with tap water 
and rinsed in distilled water to remove soil. All plant 
tissues were dried at 70 C, ground by a Wiley mill to 
pass a 20-mesh screen, and analyzed for total N by a 
micro-Kjeldahl method which employed salicylic acid 
and sodium thiosulfate for reduction of nitrates. 

Data were analyzed statistically by analyses of vari- 
ance; treatment means were compared with Duncan’s 
new multiple range test. 

RESULTS AND DISCUSSION 

Forage yields were relatively large in 1975 for each 
of the grasses at all N rates, and particularly so from 
Ona stargrass and Transvala digitgrass (Table 1). 
Nitrogen contents of forage were also large. ‘This was 
not only a consequence of the fertilizer N, but also of 
rapid mineralization of a fraction of the soil N after 
application of lime and disturbance of this virgin 
soil (7). In contrast to forage production, the stolon- 
root mass from Pensacola bahiagrass at the end of 
1975 was approximately two times that from Ona star- 
grass and four times that from Transvala digitgrass. 
Quantities of N in stolon-root systems were in approxi- 
mately the same proportion as stolon-root masses. Bio- 
masses from Pensacola bahiagrass and Ona stargrass
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TABLE 1.—YIELD AND NITROGEN UPTAKE BY THREE PERENNIAL, WARM-SEASON GRASSES IN RESPONSE TO 
FERTILIZER N ON EAUGALLIE FINE SAND. 

Annual 1975 Average 1976-79 ‘Total 

N Plant species 

rate PB Ona ‘Trans Avg PB Ona ‘Trans Avg PB Ona ‘Trans Avg 

Reg Tiel pines a eee ee est eae ee Eee ae EE Oven-dinyetora geo oy/ihn 2 irae meee eee ene 

0 4690 11490 10770 8980c} 2600 2010 3660 2760d 15050 19550 25400 20000d 
112 8220 17450 14990 13550b 6020 5530 8240 6600c 32300 39600 47950 39950c 
224 9030 17670 14780 =13830ab 10110 9460 11860 10480b 49500 55500 62200 55730b 
336 10940 20260. 14690 15300a 13580 11790 12720 12700a 65250 67400 65550 66070a 
Avg 8220c 16720a 13810b 8080b 7200b 9120a 40530c 45510b 50280a 

eect eee ee ea ee CONGaeCbiny TOONS te Toloyigh, Weegee 

0 14630 8440 3600 8890a 13070 6150 6120 8450b 
112 16170 9580 3920 9890a 19460 8480 7570 11840a 
224 14030 8720 3560 8770a 21570 9130 6660 12450a 
336 17170 5820 3850 8950a 20780 6880 5180 10950a 
Avg 15500a 8140b 3730c 18720a 7660b 6380b 

See aN N eoee a eS See eee eed Ee ELE OME eG e nnERg, Wylie, ee EE 

0 19330 19930 14370 17880b 29000 23720 32290 28340a 
112 24390 27030 18910 23440a 51490 47260 55810 51520c 
224 23060 26390 18340  22600a 71420 63240 62200 65620b 
336 28110 26080 18540 24240a 87050 73330 65550 75310a 
Avg 23720a 24860a_ ~=17540b 59740a 51890b 53960ab 

SEE aie ee Ree EE eee ere ae eee te Borage vse ke [ii ay a ie eee eee ieee reese cet se terre ee Sarai er 

0 51 105 99 85d 28 21 31 27d 165 185 220 190d 
112 114 204 170 163c 70 64 78 71c 394 460 483 446c 
224 131 246 188 188b 130 130 138 133b 695 770 740 735b 
336 178 279 226 228a 194 197 184 192a 955 1070 965 997a 
Avg 119c 209a 171b 106a 103a 108a 552b 62la 602a 

a a eer nM Wie ee ee TR Le Stolon-toot Nike habe ee ee 

0 51 41 16 36b 45 32 24 34d 
112 72 51 21 48ab 72 50 36 53c 
224 86 54 20 53ab 105 69 38 71b 
336 137 38 24 66a 142 57 35 78a 
Avg 87a 46b 20b 9la 52b 33c 

ceeeseea are EN A A Se et oa 2 I ame Nhe Raat Biomass yNs¢ ko / hia :ssetet vi ree Erase te bites bie iee Wes eS 10 7 nd 

0 102 146 115 12Ic 217 201 245 221d 
112 186 255 191 211lb 466 501 518 495c 
224 217 300 208 242b 818 829 775 807b 
336 315 317 250 294a 1110 1118 1002 1077a 
Avg 205b 255a 191b 653ab 662a 635b 

  

{Means within columns and lines within subtables followed by the same letter are not significantly different at the 0.05 probability 
level according to Duncan’s new multiple range test. 

for the first year were approximately the same and 
substantially larger than the biomass from Transvala 
digitgrass. Utilization of photosynthate and N for 
production of the larger stolon-root mass by Pensacola 
bahiagrass obviously reduced forage production dur- 
ing the developmental period in comparison with the 
other two grasses which have relatively small stolon- 
root systems. 

For years 1976 through 1979, forage production 
from the three grasses at the highest N rate was not 
significantly different, but production at other N rates 
did differ. Response of the three grasses to N rates can 
be characterized by the following equations where 
Y = oven-dry forage yields and X = N rates, both 
expressed as kg/ha. 
  

Forage plants Regression equations 
  

Y = 2530 + 32.8X + 0.001X? 
1920 + 37.2X — 0.022X? 
3610 + 54.1X — 0.081X? 

Pensacola bahiagrass 
Ona stargrass Ys 
Transvala digitgrass 4 

Growth response characteristics of the three grasses 
were likely related to absorption and storage of N in 
the stolon-root systems, and perhaps to some N im- 
mobilization in dead, partially decomposed stolon-root 
tissues. Thus, forage production from Transvala digit- 
grass with the smallest stolon-root system was largest 
at low N rates and from Pensacola bahiagrass the 
smallest. 

Nitrogen uptake in forage from 1976 through 1979 
did not differ significantly among forage plants and 
can be characterized by a single equation as follows 
where Y = forage N and X = N applied, both ex- 
pressed as kg/ha. 

Y = 25.3 + 0.397X + 0.0003X? 

Stolon-root masses from Pensacola bahiagrass and 
Transvala digitgrass increased somewhat from 1976 
through 1979 in comparison with masses at the end of 
1975, while Ona stargrass did not change appreciably. 

Biomass production through 5 years, i.e., total 
forage produced over the 5-year period plus stolon-root 
mass at the end of the fifth year, was not drastically
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different for the three grasses, but was significantly 

larger from Pensacola bahiagrass than from Ona star- 
erass. Biomass N for the three grasses through 5 years 
was also similar. 

Ona stargrass did not maintain a satisfactory stand 
under the experimental conditions through the 5-year 
period in comparison to Pensacola bahiagrass and 
Transvala digitgrass. Since stolon-root samples were 
taken only where grasses were present, stolon-root mass 
and biomass from Ona stargrass were somewhat over- 
estimated. 
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Mobility and Extractability of Phosphorus 
Applied to the Surface of Tifway Bermudagrass Turf’ 

J. B. SARTAIN? 

ABSTRACT 

A field-plot experiment was initiated on “Tifway’ 
bermudagrass [Cynodon dactylon (L.) Pers.] turf to 
study the effect of time on the extractability of P by 
different soil extractants and to evaluate the extent of 
downward movement of applied P. Three replications 
of five rates of P (0, 98, 197, 394, and 788 kg/ha) were 
established in a randomized complete block design on 
3 by 4 m plots. Soil samples were collected monthly 
during the first 6 months and approximately every 45 
days during the remainder of the 15-month sampling 
period. Each sample was divided into three sections by 
depth (0 to 5, 5 to 20, and 20 to 30 cm). Phosphorus 
status of each sample was determined in the following 
extractants: IN NH,Cl; 0.002N H.SO,; NH,OAc, pH 

4.8; 0.025N H.SO, in 0.05N HCI; and 0.03 N NH,F in 
0.1N HCl. Total P was determined on selected sam- 
plings by the perchloric acid procedure. 

Readily extractable NH,CI-P equilibrated with the 
soil within the first 6 months of the 98 kg/ha P appli- 
tions and was reduced to extractable levels near those 
of the control plots. Ammonium chloride extractable 
P was reduced by 70% during the first 6 months but 
had not reached the P level extracted prior to the ap- 
plication of 788 kg/ha P. Truog, NH,OAc, and double- 
acid extractable P decreased by similar percentages 
during the first 6 months, but only about 30% as much 
as the NH,CI-P on plots receiving 98 kg/ha P. Double- 
acid and Bray-2 extractable P had not stabilized 15 
months after 788 kg/ha P was applied. Small increases 
in readily extractable and double-acid P were noted at 
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the 5 to 20-cm depth from the application of 98 kg/ha 
P. Large increases in the double-acid soluble P were 
observed after 3 months at the 5 to 20-cm depth where 
788 kg/ha P were applied. Phosphorus did not leach 
below the 20-cm zone during the first 15 months. 

Additional Index Words: Extractable P, Readily 
soluble P, Total P, Soil phosphate complexes. 

Phosphorus accumulation has been studied in many 
soils as part of the problem of assessing P availability 
to crops. The usually small amount of accumulated P, 
relative to the larger amounts of native P in phosphatic 
soils, has prevented an accurate evaluation of the forms 
in which P compounds exist. 

Dicalcium phosphate (DCP) was shown to be a 
major initial product in soils that had received mono- 
calcium phosphate (MCP). This product (DCP) forms 
by hydrolysis around granules of MCP (10). The re- 
sultant acidity solubilized appreciable Ca, Al, Fe, and 

Mn (10). These dissolved ions were shown to be in- 
corporated in subsequent P precipitation (10). 

In laboratory tests, Yuan et al. (19) reported that 
applications of water-soluble P quickly reverted to the 
Al forms in three sandy Florida soils. Fiskell and 
Rowland (5) used sequential extractions and total 
analysis to show that Al and Fe phosphates were the 
major forms present in both phosphatic and non- 
phosphatic Florida soils. 

Aluminum-P is the fraction most commonly re- 
ported as being correlated with plant-available P on 
acid to nearly neutral soils (7, 11, 15). The Ca-P form 
contributes significantly to the P supply on recently 
fertilized soils and acid soils fertilized with rock phos- 
phate (4). 

The extractability of various P fractions can be
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summarized according to the principle ions used in the 
soil extractant. Hydrogen ions remove fractions in the 
order Ca-P > Al-P > Fe-P; hydroxide ions in the order 
Fe-P > AI-P; bicarbonate ions in the order Al-P > Fe-P 
= Ca-P; fluoride ions in the order Al-P > Fe-P > Ca-P; 
and acetate ions in the order Al-P > Ca-P > Fe-P (3, 
@), UL, 1, Ils}, 1@). 

Humphreys and Pritchett (8) reported little or no 
residual P from superphosphate remained in the top 
20 cm of soils with little P sorption or buffering capac- 
ity, such as a Leon fine sand over a period of 7 to 10 
years. Almost all of the applied P remained as an avail- 
able form in the rooting zone in soils with a low P 
sorption and buffering capacity; whereas, in a soil with 
high P sorption and buffering capacity, most of the 
added P was retained in the surface horizon in forms 
of limited availability. Ballard and Fiskell (2) reported 
that most of the sandy soils of the Southeastern Coastal 
Plains have a very small retention capacity for water- 
soluble P against leaching, but that the surface hori- 
zons of Spodosols had the lowest retention capacities. 
Linear adsorption isotherms were reported for most of 
the Spodosols, but isotherms for Ultisols, Inceptisols, 
and Entisols were non-linear. In a lysimeter study, 

Neller (13) reported that in 4 months 72.4 cm of rain- 
fall leached more than 70% of applied superphosphate- 
P from the surface 20 cm of a Leon fine sand. 

‘The objectives of this study were: (1) to determine 
the effect of time on the quantity of P extracted by dif- 
ferent extractions; and (2) to determine the extent of 
downward movement of P applied to the surface of 
bermudagrass [Cynodon dactylon (L.) Pers.] turf. 

MATERIALS AND METHODS 

Experimental 3 x 4 m plots were established on a 
healthy stand of “Tifway’ bermudagrass at the Horti- 
cultural Unit near Gainesville in a randomized com- 
plete block design. Three treatment replications of P 
were applied at 0, 98, 197, 394, and 788 kg/ha as con- 
centrated superphosphate. Phosphorus was applied in 
solution at 16 liters per plot—this volume permitted 
uniform coverage of the 12 m? with minimum penetra- 
tion of the soil profile. Nitrogen and K were applied at 
an annual rate of 400 and 200 kg/ha as NH,NO, and 
KCI, respectively, to all plots. 

Soil samples were collected every 30 days during the 
first 6 months after treatment application and approxi- 
mately every 45 days during the succeeding 9 months. 
The ten cores of each sampled profile were divided into 
three sections—0 to 5, 5 to 20, and 20 to 30 cm. All 
samplings for the 15-month period were analyzed for 
P by extraction with the solutions listed in Table 1. 
Total P by the perchloric acid oxidation procedure 
(9) was determined on selected samplings. Only data 
involving the 98 and 788 kg/ha P treatments are dis- 
cussed in this study because of the large volume of data 
obtained. The other P treatments showed similar 
trends. 

The soil on which the bermudagrass was established 
is an Arredondo fine sand (loamy, siliceous, hyper- 
thermic family of Grossarenic Paleudult) which has a 
high total native P status. A few weathered and leached 
phosphatic pebbles ranging in diameter from 2 to 
20 mm were found scattered throughout the profile. 
Chemically this soil had a pH of 6.1, CEC of 9.6, and a 

negligible level of 1N KCl extractable Al. 

TABLE 1.—PHOSPHORUS EXTRACTION METHODS. 

  

  

Soil: 
Solu- Shaking 

Method Extractant pH tion Time _ Ref. 

minutes 

NH,Cl 1N NH,Cl 3.0 1:10 30 16 

‘Truog 0.002N H,SO, + 

3g(NH,)SO,/1 3.0 1:100 30 17 

NH,OAc 0.7N NH,OAc + 
0.5N CH,CooH 4.8 ED) 30 14 

Double-acid 0.05N HCl + 
0.025N H,SO, 1.3 1:4 5 14 

Bray-2 0.03N NH,F + 

0.1N HCl eS 1:10 1 14 

Total P HClO, _ 1:10 - 9 

  

RESULTS AND DISCUSSION 

Soil P status prior to treatment application for 
three segments of the top 30 cm of the profile is given 
in Table 2. Ammonium chloride extractable P was 
shown to correlate strongly (r = .95) with the water- 
soluble P fraction of the soil (16). The top 5 cm con- 
tained a relatively high level (4 ppm) of NH,Cl- 
soluble P, while less P was soluble at the two lower 
depths. Previously applied fertilizer P could account 
for the observed P status of the surface sample. Truog’s 
solution (0.002N H,SO,) removed more P than 1N 
NH,Cl. Researchers (18) in the past have correlated 
‘Truog extractable P with portions of the Ca-P and 
ALP fractions. Ammonium acetate, pH 4.8 solubilized 
approximately twice as much P as 0.002N H,SO, in 
the top 5 cm and about three times as much in the 5 
to 20 and 20 to 30-cm sections. Acetate ions reportedly 
solubilize more Al-P than do H ions (1). Since the 
high P status of the 0 to 5-cm section was most likely 
due to the application of Ca-P and a higher proportion 
of Al-P was probable at the lower soil depths, the 
greater relative P solubility with NH,OAc, pH 4.8 at 
the lower depths could have been due to ALP. 
Mehlich’s double-acid extractant solubilized more than 
five times as much P as did the NH,OAc, pH 4.8 in 
the surface 5 cm. The lower pH (1.3) of the double- 
acid extractant and its stronger affinity for dissolution 
of Ca-P accounted for this increased P extraction. 
Bray-2 extractant is reported to solubilize more Fe-P 

TABLE 2.—Soi1L P STATUS PRIOR TO TREATMENT APPLICATION BY 
DIFFERENT EXTRACTANTS AND DEPTHS. 
  

  

  

Depth (,cm) 

0 tod 5 to 20 20 to 30 

ERMAN pra (7 ee 
IN NH,Cl 4.4 (0.5) 0.5 (0.07) 0.6 (0.09) 
0.002N H,SO, 17.1 (2) 4.7 (0.7) 4.5 (0.7) 
NH,OAc, pH 4.8 GE) (@) 1B @) 123 @) 
0.05N HCl in 0.025N H,SO, 191.9 (23) 117.4 (18) 104.4 (17) 
0.03N NH,F in 0.1N HCl 335.5 (41) 281.7 (44) 234.7 (38) 
Total P 882.3 637.7 614.4 
  

{Entries in parenthesis are percentages of total P.
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and Al-P than the other extractants because of the 
acid strength and the presence of the complexing 
fluoride ions (1). Approximately the same amount (ca 
40%) of the total P was removed by the Bray-2 ex- 
tractant at all three soil depths. Since this extractant 
solubilized proportionally more Fe-P and AI-P and the 
quantity of free Fe and Al was typically low in this 
soil, most of the P remained in the Ca-P form and was 

not readily solubilized by the Bray-2 extractant. Total 
P reserves in this soil prior to the initiation of the 
study were very high and the probability of a response 
to applied P fertilizer was small. 

One month after application of 98 kg/ha of P as 
TSP, the NH,CI-P in the 0 to 5-cm layer was 10 ppm 
higher than prior to addition of P (Table 3). During 
the following 6 months, the readily soluble P level 
dropped by 53% to near the level prior to application, 
indicating that the MCP contained in the TSP was 
gradually converted to more insoluble P forms. Phos- 
phorus solubility by Truog, NH,OAc, and double-acid 
extractants decreased by similar percentages during 
the first 6 months despite the large differences in the 
quantities of P extracted. The relatively small reduc- 
tion of the Truog P (which has been shown to corre- 
late with Ca-P, such as DCP) suggested that a signif- 
icant portion of the P at the end of 6 months was still 
in a dilute acid soluble form. Bray-2 extractable P was 
not significantly reduced during the first 6 months. A 
very small portion of the applied P was converted to 
sparingly soluble P forms of adsorbed or occluded P. 
Total P decreased by 0.1% in the top 5 cm which was 
probably the resultant of plant uptake. 

The data for the 15-month sampling period can be 
divided into two distinct groups (Table 3). Most of 

the change in the readily soluble P occurred within 
the first 6 months. During the 9 to 15-month period, 
the level of P solubilized by the dilute acid and salt 
extractants remained static. Bray-2 was reduced by ap- 
proximately 11% during the 9 to 15-month period in- 
dicating that change was still occurring in the more 
insoluble Al and Fe-P compounds. 

Almost identical trends in P solubility were ob- 
served during the first 6 months in plots receiving a 
high level (788 kg/ha) of P (data not shown). The 
primary difference between the 788 and 98 kg/ha P 
treatments was the magnitude of the reduction in ex- 
tractable P status with time. Since a larger decrease in 
total P was observed (8.2%), it was suggested that a 
significant portion of the reduction in P status for all 
extractants was due to the downward displacement of 
the applied P. 

Where P was applied at a typical rate (98 kg/ha), 
the level of NH,Cl-soluble P did not increase greatly 
in the sampled sections below 5 cm (Table 4). The 
slight increase in NH,Cl-extractable P in the 5 to 20-cm 
section could have resulted from the method of appli- 
cation. The treatments were applied in solution; there- 
fore, the P may have moved with the water during 
initial treatment even though the P was applied in 16 
liters of solution to the 12 m? area. Initial application 
conditions do not explain the changes which occurred 
with time by depth in the NH,CI-P on plots receiving 
788 kg/ha P since a high level of P was not detected at 
the 25 March sampling. Soil NH,Cl-extractable P in- 
creased in the 5 to 20-cm section during the first 4 
months after application, indicating the downward 

movement of P from the surface and retention of this 
readily soluble P fraction in the 5 to 20-cm zone. At no 

‘TABLE 3.—EFFECT OF TIME ON THE SOLUBILITY OF P WITH A LOW LEVEL OF APPLIED P. 

  

Months 1| thru 6 Months 9 thru 15 
    

  

  

    

Sampling dates (1976) Gf, Sampling dates (1976-77) Te 

Extractant 25 Mar 22Apr 20 May 25 June 19 Aug _ reduction 3Nov 15Dec 2Mar 25 May reduction 

ee en ree B59 DP eee eee es ee ee ee Bap PIs eens eee 

NH,Cl 14.2 12.9 13.5 10.0 6.6 53.5 5.2 4.8 7.1 5.9 0 

Truog 30.2 29.3 33.7 32.3 26.0 14.0 23.3 22.7 Ow) 21.8 6.4 
NH,OAc 52.0 48.7 54.0 42.6 42.6 18.1 40.0 39.7 38.9 40.6 0 

Double acid 266.7 212.3 258.1 261.8 226.2 15.2 216.7 223.8 215.2 220.5 0 
Bray 2 406.8 401.3 384.0 384.0 396.3 2.3 386.2 320.7 362.6 344.0 10.9 
Total P — 863.9 _ 875.2 855.7 0.1 843.7 _ — 832.5 1.3 
  

Sampling Depth: 0 to 5 cm 
P Application: 98 kg/ha 

  

TABLE 4.—DOWNWARD MOVEMENT OF NH 4Cl-SOLUBLE P IN RESPONSE TO TWO LEVELS OF APPLIED P 

  

  

    

WITH TIME, 

P Sampling dates (1976-77) 
Depth Applied 5 Feb 25 Mar 22 Apr 20 May 25jJune 19 Aug 3 Nov 15 Dec 2 Mar 25 May 

cm 17 PsP P11 eee ae ee ee 

0 to5 98 4.5 11.1 12.9 13.5 10.0 6.6 D2 4.8 7.1 5.9 
5 to 20 98 0.3 0.6 0.8 0.9 0.6 0.9 0.7 0.6 0.6 0.6 

20 to 30 98 0.4 0.1 0.9 0.5 0.5 0.5 0.5 0.1 0.4 0.2 

0 to 5 788 4.2 82.4 69.4 47.4 36.4 24.2 19.2 19.6 20.5 14.3 
5 to 20 788 0.3 1.4 4.0 6.1 6.0 3.8 3.7 4.6 3.7 5.6 

0.4 0.2 1.0 0.6 0.4 0.6 0.5 0.2 0.6 0.1 20 to 30 788
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TABLE 5.—DOWNWARD MOVEMENT OF DOUBLE-ACID SOLUBLE P IN RESPONSE TO TWO LEVELS OF APPLIED 

P WITH TIME. 

    

  

  

P Sampling dates (1976-77) 
Depth Applied 5 Feb 25 Mar 22Apr 20May 25June 19 Aug 3 Nov 15 Dec 2 Mar 25 May 

cm Kp Tae» yg cee tks aren ee eee Se eee org nae ee DEF eee ee 

0 to 5 98 195 267 212 258 262 226 217 223 215 220 
5 to 20 98 108 118 117 105 112 131 115 123 129 104 

20 to 30 98 95 87 90 87 89 97 93 104 99 95 

0 to 5 788 209 851 790 753 707 528 499 552 489 386 
5 to 20 788 136 182 159 255 266 228 235 252 233 233 

20 to 30 788 87 77 74 75 74 91 83 105 87 94 

  

sampling time during the 15-month period was an in- 
crease in NH,Cl-extractable P observed in the 20 to 
30-cm section. 

Small and erratic fluctuations of the double-acid P 
status of the 5 to 20-cm zone were noted where 98 
kg/ha P was applied (Table 5). These increases and 
decreases in P status may have been influenced more 
by the environment and plant uptake than by the 
movement of P through the profile. Plots receiving 
788 kg/ha P had not equilibrated with respect to 
double-acid soluble P in the 0 to 5-cm layer even after 
15 months. After about 3 months, the double-acid 
soluble P level reached a maximum in the 5 to 20-cm 
section and began to decrease with time, but not to 

the P level prior to P application. No change in the P 
status of the 20 to 30-cm section was observed for 
either the high or low P application. A more informa- 
tive sampling would have involved the division of the 
5 to 20-cm section into more than one section and the 
exclusion of the 20 to 30-cm zone. 
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Growth Responses of Young Slash Pine to Site Preparation 
and Fertilization on Poorly Drained Soils’ 

W. L. PRITCHETT AND E. G. FLAIG? 

ABSTRACT 

Seven uniform experiments were established on a 
range of poorly drained soils in the lower coastal plain 
to evaluate the effects of site preparation on survival 
and early growth of slash pine (Pinus elliotti var. 
elliottee Engelm.) and the feasibility of substituting 
fertilization for the more expensive site preparation 
practices. Tree heights were significantly increased by 
the more intensive preparation treatments (disking 
and bedding) and by fertilization with P and N+P, 5 
to 8 years after treatment. There were no interactions 
between the two types of treatments and their effects 
were generally additive. Tree growth rates declined on 
bedded plots, in relation to control plots, after 5 years. 
Response to fertilizers also declined on some soils, but 
early differences in heights were maintained for at 
least 8 years. There were relatively few significant 
effects of treatments on nutrient concentrations in 
needles, except for P. Double-acid extractable Al was 
significantly decreased by site preparation of Ultic 
Haplaquods. Bulk density was slightly increased by 
chopping in three of nine selected blocks, but bedding 

had no significant effect on bulk density after 8 years. 
At this stage of plantation development, total biomass 
of understory vegetation did not differ significantly 
among treatments. 

Additional Index Words: Forest nutrition, Forest 
soils, Phosphate fertilization, Bedding, Pinus elliottit. 

Forest management in the southeastern United 
States stresses the regeneration of pines in plantations, 
and approximately 8 million hectares of pine are pres- 
ently grown in plantations in the area. Plantation 
forestry allows the use of heavy equipment for slash 
reduction, soil amelioration, and facilitation of plant- 
ing. Slash pine (Pinus elliottii var. elliottii Engelm.), a 
fast growing, shade-intolerant species, responds well to 
evenaged, intensive plantation management. This 
often involves the use of machinery for seedbed prep- 
aration, a practice used on many sites to insure ade- 
quate seedling survival and early tree growth, and to 
reduce competing vegetation. 

Shearing blades, rootrakes, and disk harrows are 

often used in site preparation, particularly on sites 
with considerable hardwood vegetation. However, 

these operations not only reduce competing vegetation, 
but may also drastically disturb the surface soil and 
the blades and rakes may remove much of the forest 
floor and surface soil organic matter into windrows. 
While these treatments often improve seedling survival 
and early growth as a result of reduced competition 
from understory vegetation and increased soil nutrient 
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availability, they may be at the expense of long-term 
site productivity (Haines et al., 1975). 

A series of field experiments was installed on rep- 
resentative soil-site types of the lower coastal plain to 
determine tree response to site preparation, the in- 
fluence of site preparation on fertilizer effectiveness, 
and whether the use of fertilizers can be substituted, 
in part, for certain site preparation operations. 

MATERIALS AND METHODS 

Slash pine responses to three types of site prepara- 
tion in factorial combination with three fertilizer treat- 
ments were measured at seven lower coastal plain sites 
for 8 years after planting. Four replications of 27 x 
30 m plots in a 3 x 3 factorial experiment, where site 
preparation treatments formed whole-plots and fertil- 
ization treatments comprised sub-plots, were installed 
at each site. 

‘The site preparation (whole-plot) treatments were 
(a) chop—a minimum preparation consisting of slash 
burning and a single pass with a drum chopper, (b) 
disk—single disking in addition to a prior burn and 
chop, and (c) bed—standard ridging with a disk harrow 
following burning and chopping. 

The fertilizer (sub-plot) treatments consisted of (a) 
none—no nutrients added, (b) CSP—45 kg P/ha ap- 
plied as concentrated superphosphate, and (c) DAP— 
40 kg N plus 45 kg P/ha applied as diammonium phos- 
phate. Fertilizer materials were broadcast-applied over 
the entire plot surface within 2 to 3 months after plant- 
ing 1-0 seedlings. Nine-meter wide (= 3 rows) buffer 
strips were left on all sides of the 21 x 24 m net sub- 
plots. 

‘Tree-height measurements were made at 3, 5, and 
8 years after treatment (except that not all tests were 
measured at 8 years). ‘Tree-survival percentage was 
calculated at 3 years after planting and percentages of 
trees damaged by disease (stem canker) were deter- 
mined at each measurement period. 

Soils were initially surveyed to ensure that each 
replication blocked a homogenous soil type, but there 
was no requirement that all blocks at each site be 
established on the same soil type. ‘Therefore, two or 
more soil series were often present at a given test site. 
In order to gain a better understanding of the effects 
of soil properties on responses, blocks containing sim- 
ilar soils across all test sites were grouped on the basis 
of those profile and drainage characteristics thought 
to influence tree response to site preparation and fertil- 
ization. Twenty-three of the more uniform blocks were 
selected for this study and combined into four soil 
groups for statistical analyses and discussion, as shown 
in Table 1. Group A soils were Aquults, group B con- 
sisted of poorly to very poorly drained sands and they 
varied from Grossarenic Paleudults to Typic Huma- 
quepts, group C soils were Ultic Haplaquods, and 
group D soils were Aeric Haplaquods. Some chemical 
properties of the principal horizons of the four groups 
of soils are summarized in Table 2, for samples col- 
lected prior to treatment.
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TABLE 1.—SoIL GROUPS FOR SITE PREPARATION-FERTILIZATION IN- 

  

  

TERPRETATIONS. 

Soil Representative Diagnostic Characteristics 

group soil series Drainage class B horizon 

  

A (3)t Portsmouth— 
Bladen types 

B (6) Rutlege— 
Plummer types 

Very poorly to —— Argillic within 
somewhat poorly 50 cm of surface 

Very poorly to —_ No spodic, argil- 
somewhat poorly lic deeper than 

50 cm 

Cc (9) Mascotte— 
Sapelo types 

D (5) Ridgeland— 
Leon types 

Poorly to some- Spodic underlain 
what poorly by argillic 

Poorly to mod- 
erately well 

Spodic with no 
underlying 
argillic 

  

+( ) indicates number of replications in each soil group. 

TABLE 2.—MEAN SOIL CHEMICAL CONCENTRATIONS IN PRINCIPAL 

SOIL HORIZONS BY SOIL GROUP IN PRE-TREATMENT SAMPLES. 

  

Double-acid extractable 

P K Ca Mg Fe Al 
pH Total 

Horizon (H,0O) OM N 

  

anes yea es |) Dee 

Soil group A (Shallow argillic horizon) 

A, 4.49 4.12 0.102 1eSee Seen COM lame TL 

Ay 4.42 O68 8 73 & Gy As 

Cc, 4.73 OS iy We 7) G3 Bak 

Soil group B (Deep argillic horizon) 

A, 4,92 3.97 0.077 O16 ROR Ome 2mm So) 

A, 4,94 240 4 247 14298 

Cc, 5.06 Ov B 8 NG Ws We: 

Soil group C (Spodic above argillic horizon) 

A, 4.30 3.38 0.067 2. Omlomel lan 2eeel Ome O) 

B, 4.62 BS bh © AB ¢hy/ 

Cc, 4.80 age ae BL a) aay 

Soil group D (Spodic with no argillic horizon) 

A, 4.43 3.22 0.051 Sit A) WOR Sey 1B (HH 

B, 4.65 Ome eee ee eee OMO D7) 

Cc 4.84 3 OM en eo OmA SO 

  

Soils were sampled from selected combinations of 
site preparation-fertilization treatments 6 years after 
planting. The control and the four combinations which 
produced the greatest tree-height growth response at 
age 5 years were sampled by horizons at six random 
points in tree rows. Combinations of treatments sam- 
pled included (a) chop—none, (b) disk—DAP, (c) bed— 
none, (d) bed—CSP, and (e) bed—DAP. Samples were 
analyzed for pH (1:2 soil-water suspension), organic 
mater content (Walkley-Black), and double-acid (0.05N 
HCI-0.025N H,SO,) extractable nutrients. 

Foliage was collected from six dominant or codom- 
inant trees in plots from which soils were sampled. 
Samples were preserved on ice until they could be 
oven-dried at 65°C. Total N was determined by the 
macro-Kjeldahl procedure and K, Ca, Mg, Fe, and Al 
were analyzed by atomic absorption techniques, after 
ashing at 450 C. Phosphorus was determined colori- 
metrically in ascorbic acid and molybdate-sulfuric acid 
solutions (Jackson, 1958). 

The effects of site preparation on soil bulk density 
of the surface and B horizons were determined at three 
test sites 6 years after treatment. Soils were sampled 
with a hammer-driven core sampler (Blake, 1965), after 
excavating to within 2 cm of selected depth with a soil 
auger, 

The total biomass of understory vegetation was 
measured at one test location 6 years after treatment. 
For this purpose, five rectangular plots were randomly 
established within each of the five selected treatments 
of three blocks. Rectangular plots were 0.4 m wide and 
extended from the base of a pine tree to a midpoint 
between rows. All above-ground green biomass was 
clipped, bagged, and dried to constant moisture at 

Tree growth data were statistically examined by 
analysis of variance techniques for factorial experi- 
ments with unequal replications. Main effects for site 
preparation and fertilizer treatments were obtained 
for the study as a whole and by individual soil groups. 
A stepwise multiple regression was used to regress 
mean height and height increment against soil and 
foliage chemical properties. 

RESULTS AND DISCUSSION 

TREE GROWTH RESPONSES 

Site preparation and fertilization treatments signif- 
icantly increased slash pine height growth when data 
for all locations were combined. However, the mag- 
nitude and duration of the treatment responses de- 
pended on soil properties and data are discussed by soil 
groups as described in Table 1. 

Soil Group A (Shallow argillic B horizon): Slash 
pine on these Aquults responded dramatically to both 
site preparation and fertilization (Table 3), similar to 
earlier results for wet savanna soils (Pritchett and 
Smith, 1974). Trees on the minimally-prepared (chop) 
treatment grew very poorly, averaging only 1.02 m 
after 5 years. The main effect of site preparation on 
tree growth was highly significant, and bedding re- 
sulted in better growth than either chop or disk treat- 
ments (Fig. la). Disking increased tree heights over 
heights of trees in minimally-prepared plots an average 
of 29% after 5 years, although this increase was not 
statistically significant due to excessive between-plot 
variation. On the other hand, trees in bedded plots 
were almost twice as tall as trees in the minimally- 
prepared plots when averaged across all fertilizer treat- 
ments, giving a highly significant response. 

Bedding improved aeration in the rooting zone 
during the first year after planting in these Aquult 
soils. It may have improved nutrition of the young 
trees by concentrating surface soil organic matter into 
mounds where tree roots were largely confined during 
the early years of stand establishment (Haines and 
Pritchett, 1965) and by hastening organic matter de- 
composition and mineralization. Soil samples taken 6 
years after treatment failed to indicate any significant 
difference in concentrations of organic matter, total N, 
or extractable P between the minimum treatment and 
bedded plots in the absence of fertilizers. Tabular data 
are not presented herein, in the interest of space, but 
surface soil (Al horizon) total N averaged 1.01 and 
1.13%, and extractable P averaged 1.2 and 1.3 ppm in 
the chopped and bedded plots, respectively.
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Fig. 1.—_Mean heights of 5-year-old slash pines in soils groups 
A (Aquults), B (Grossarenic Paleudults to Typic Humaquepts), 
C (Ultic Haplaquods), and D (Aeric Haplaquods) that received 
three site preparation and three fertilization treatments in fac- 
torial combination. 

The highly significant main effects of fertilizers on 
tree heights at the end of 5 years are shown in Fig. la. 
Height responses to CSP fertilizer amounted to a 91% 
increase over the non-fertilized plots, while the re- 
sponse to DAP averaged 116% compared to non- 
fertilized plots, when averaged across all site prepara- 
tion treatments. It is interesting to note that the cur- 
rent height increment during the fifth year amounted 
to 123 and 132% more than the non-fertilized plots 
for the CSP and DAP treatments, respectively (Table 
3). This indicated that the magnitude of the response 
to P fertilizers was still increasing. These large re- 
sponses were a consequence of the extremely low avail- 
able P in non-fertilized soils (only 1.3 ppm extractable 
P). While the absolute increase in heights due to fer- 
tilization was greater on bedded plots than on disked 
plots (2.02 vs. 1.72 m), the percent increase in height 

TABLE 3.—MEAN ANNUAL HEIGHT GROWTH IN THE FIFTH YEAR BY 

TREATMENT COMBINATIONS AND SOIL GROUPS. 

  

  

  

‘Treatment 
Site Soil group 

preparation Fertilization AG(3) ice Bh (6) RE CK(9) DNS) 

sah Ghat ne is! Bees CONS eet 

Chop none 24 48 68 58 
Chop CSP* 77 56 82 67 
Chop DAP* 85 58 85 60 

Disk none 38 57 82 68 
Disk CSP 97 64 87 77 
Disk DAP 101 63 94 83 

Bed none 72 63 94 78 
Bed CSP 125 66 93 74 
Bed DAP 114 64 101 81 

*CSP = concentrated superphosphate and DAP = diam- 
monium phosphate, each applied at rate of 45 kg P/ha. 

+() indicates number of replications in each soil group. 

of fertilized trees over non-fertilized trees was greater 
in disked plots than in bedded plots (122 vs. 78%), 
because of the generally better growth on the latter 
plots. In spite of these apparent differences, the inter- 
action between site preparation and fertilization was 
statistically non-significant, indicating that the re- 
sponses to the two types of treatments were additive 
and that one cannot effectively substitute for the other 
on these Aquults (Fig. 1a). 

Soil Group B (Argillic horizon deeper than 50 cm): 
Site preparation and P fertilization significantly in- 
creased tree height growth on group B soils. The main 
effects of site preparation were generally greater than 
those associated with P fertilizers, after 5 years (Fig. 
Ib). Tree heights on plots that were prepared by disk- 
ing and bedding averaged 32 and 46%, respectively, 
greater than heights of trees in minimally prepared 
plots. On the other hand, the application of CSP and 
DAP fertilizers resulted in increases in tree growth of 
12 and 19% respectively, over the non-fertilized trees— 
averaged across all site preparation treatments. 

Because these poorly drained soils were quite de- 
ficient in available P, averaging less than 1 ppm of ex- 
tractable P in the Al horizon (Table 2), it is surprising 
that the early height response to P fertilizers was not 
considerably greater than shown in Fig. 1b. Further- 
more, annual height increment in the fifth year indi- 
cated a slight reduction in the rate of response to P, as 
compared to that for the first 3 years. For example, 
trees treated with CSP averaged 7 cm more annual 
growth than non-fertilized trees during the first 3 years, 
but they averaged only 6 cm more annual growth dur- 
ing the fourth and fifth years. This decrease in growth 
advantage due to fertilizers may have resulted from a 
gradual lowering of the water table in these wet soils, 
generating a greater volume of soil for tree roots to 
exploit for nutrients (Pritchett and Smith, 1972). The 
magnitude of height response (main effect) to bedding 
also decreased from an average of 23 cm per year dur- 
ing the first 3 years to 10 cm in the fifth year. 

‘There were no significant interactions between site 
preparation and fertilization treatments in this soil 
group, although there was a trend toward greater re- 
sponse to fertilizers on the minimally prepared plots. 

Soil Group C (Spodic above an argillic horizon): 
The main effects of height growth responses to disking, 
bedding, and P fertilization on these Ultic Haplaquods 
were generally significant. The responses to bedding 
varied from 0 to almost 2 m, after 5 years, and was 
greatest on the most poorly drained soils of the group. 
Tree heights on minimally prepared plots averaged 
2.44 m compared to 3.59 m on bedded plots. The mag- 
nitude of the annual growth response associated with 
bedding was almost the same at 5 as at 3 years, but 
after 8 years the growth increases had mostly dis- 
appeared, indicating that the initial gains due to bed- 
ding were rapidly diminishing, even though trees on 
bedded plots were still almost I m taller than those on 
minimally prepared plots (Fig 1c). 

Average heights of trees on non-fertilized, CSP, and 
DAP-treated plots were 2.61, 2.95, and 3.36 m, respec- 
tively, after 5 years. After 8 years, the difference in 
heights between fertilized and non-fertilized trees had 
increased slightly. Nitrogen (as DAP) appeared to give 
an additional growth response above that obtained 
from P fertilizer alone. The response of young slash
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pine to N fertilizers applied to flatwoods soils was 
previously reported (Pritchett and Smith, 1972). 

Responses to DAP were somewhat larger in min- 
imally prepared plots than in bedded plots. For ex- 
ample, the increases over the non-fertilized plots ay- 

eraged 0.85, 0.72, and 0.51 m in the chop, disk, and 

bed plots, respectively. These Ultic Haplaquods were 
the only soils on which it appeared that NP fertilizers 
might substitute, at least in part, for intensive site 
preparation. 

Soil Group D (Spodic without argillic horizon): 
Slash pine grown on these Typic Haplaquods re- 
sponded well to site preparation in the early years of 
plantation establishment. Trees on bedded plots after 
5 years were significantly taller than those on disked 
plots (Fig. 1d). However, there were no differences in 
annual growth rates among the three site preparation 
treatments after 8 years. 

Fertilizer, particularly DAP, produced significant 
growth responses during the first 3 years, but by the 
fifth year annual height growth was essentially the 
same for all fertilizer treatments (Table 3). 

OTHER RESPONSES TO TREATMENTS 

The main effects of site preparation and fertiliza- 
tion on soil bulk density, seedling survival, foliar nutri- 
ent concentrations, fusiform rust incidence, and under- 
story biomass were determined 6 years after trees were 
planted (except survival was also determined after 3 
years). Most treatment effects were not significant at 
this stage of stand establishment and tabular data have 
not been included, in the interest of space. However, 
they are available in a thesis (Flaig, E. G. 1979. Some 
soil and site properties influencing the response of 
slash pine to site preparation and fertilization. M.S. 
Thesis, University of Florida, Gainesville), and some 
trends are summarized in this section. 

Surface soil (0-20 cm) bulk densities averaged 1.33, 
1.25, and 1.15 g/cm*® in the chopped, disked, and 
bedded plots, for the three soils tested (one Ultic and 
two Typic Haplaquods). In only one Typic Haplaquod 
were differences in bulk density between the chopped 
plots (1.41 g/cm’) and bedded plot (1.08 g/cm) sta- 
tistically significant, after 6 years. 

The percentages of planted trees surviving after 3 
years were generally high and varied more among soil 
groups than among treatments. Survival in soil groups 
A and B tended to be better than in the Spodosols 
(groups C and D), but since seedling origin, soil mois- 
ture conditions at time of planting, and skill and care 
of the operator differed among locations, generaliza- 
tions are probably not meaningful. The average (main) 
effects on survival of site preparations, across all soils, 
were 82, 86, and 89% for chopping, disking, and bed- 
ding, respectively. Differences in survival associated 
with P fertilizer treatments were all small and non- 
significant. 

Most nutrient concentrations in current-year need- 
les differed significantly among soil groups, but, except 
for P and Al, they were not significantly influenced by 
treatment. For example, mean levels of N were 0.92, 
0.84, 0.78, and 0.79% in tissue from group A, B, C, and 
D, respectively. Concentrations of K were also higher 
in the wetter soils (A and B) than in the flatwood soils 
(C and D), but the reverse was true for P and Ca. Phos- 
phorus was higher in tissue from fertilized plots, as 

expected, but it was not expected that Al would also 
be higher in tissue from P fertilized trees than in non- 
fertilized trees. For example, Al in non-fertilized and 
fertilized tissues from group A plots averaged 288 and 
447 ppm, while those from group B plots averaged 338 
and 384 ppm. Aluminum concentrations in tissue from 
group C soils averaged 398 and 438 ppm and from 
group D soils, 362 and 371 ppm, respectively, for non- 

fertilized and fertilized plots. 
Fusiform rust incidence varied from 1 to 7% of in- 

fected stems at some locations to 13 to 27% at other 
locations, although the correlation with soil group was 
not significant. This was probably due to the great 
variation in infection rate within soil groups. The 
main effects of fertilization were not significant, but 
the effects of the more intense preparation treatments 
were significantly greater (p = 0.05) than the chop 
treatment, with average values of 5.7, 9.6, and 9.3% 
for chop, disk, and bed. 

Total understory biomass was not significantly 
affected by site preparation or fertilization, after 6 
years. Apparently any early reduction in ground cover 
competition as a result of site preparation had largely 
disappeared by that time. 

MANAGEMENT IMPLICATIONS 

Site preparation by flat disking improved tree 
growth over that obtained on the burn and chop plots, 
on these very poorly to imperfectly drained sites. This 
response apparently resulted primarily from the reduc- 
tion in competition from understory vegetation. Bed- 
ding resulted in even greater response in growth than 
disking (1 to 2 m advantage after 5 years). Since the 
response to bedding was greatest on group A soils 
(Aquults), it is presumed that tree growth improve- 
ment from bedding resulted, in large part, from better 
aeration in the root zone, although an increase in the 
rate of N and P mineralization from organic matter 
may also be a factor. It is not known at this stage of 
stand development whether early growth responses to 
site preparation will persist to rotation age. There are 
indications that they may not, particularly on group 
C and D soils. It also appears that these treatments 
will have no long-term effects on bulk density or chem- 
ical composition of sandy soils. 

The responses to CSP and DAP fertilizers were 
greatest on the wet sites, particularly group A soils, 
and the response did not diminish during the first 5 to 
8 years. The small quantity of N applied in DAP (40 
kg N/ha) resulted in a greater response than that ob- 
tained from P alone. The responses to fertilizers and 
site preparation were generally additive, so that one 
operation can not effectively be substituted for the 
other, with the exception of the Ultic Haplaquods. 
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Corn Response to Nitrogen and Phosphorus in a 
Florida Ultisol for Simulation of Field Fertilization 

Techniques Used in El Salvador’ 

E. JACOME AND W. G. BLuE? 

ABSTRACT 

The current fertilization technique for corn (Zea 
mays L.) in El Salvador, Central America, is to apply 
N at 50 kg/ha as (NH,),SO, and P at 44 kg/ha (100 
kg P.O;/ha) as triple superphosphate (TSP) under the 
seed in a planting trench, with seed and fertilizer sep- 
arated by 2 to 3 cm of soil. Corn grain yields are rela- 
tively low and grain production per unit of N is ap- 
proximately 11 kg/kg of applied N in contrast to more 
than 30 kg of grain/kg of applied N in other areas. 

Dothan fine sandy loam (fine, loamy, siliceous, 

thermic Plinthic Paleudult) was used in a greenhouse 
pot experiment to study the effect of banded applica- 
tions of N as (NH,).SO, and P as TSP under the corn 
plant on its top growth, root development, and nutri- 

ent uptake. The soil was limed 3 weeks before initia- 
tion of the experiment. Where fertilizer was applied in 
a band, the band was 5 cm wide and 2 to 3 cm below 
the seed. Treatments which did not receive (NH,).SO, 
in the band received the same amount of N as 
(NH,).SO, in solution applied to the soil surface; all 
treatments received K as K,SO, also applied in solution 

to the soil surface. Seed germination was not affected 
by application of (NH,),SO, in combination with TSP 

below the seed, but plant height, herbage weight, root 
weight, and nutrient contents were less than with TSP 
alone below the seed. Oven-dry herbage and root 
weights 33 days after planting were reduced by 50 and 
40%, respectively, by the (NH,).SO,; plant height 
was also reduced by 15%. This adverse effect of 
(NH,).SO, applied below the seed under nearly ideal 
moisture conditions in this greenhouse experiment 
could be amplified under field conditions of uncertain 
rainfall. Furthermore, the magnitude of corn grain 

yields in most cases under field conditions in El 
Salvador would indicate that N could be omitted at 
planting and applied as side dressings at appropriate 
times, thus avoiding the potential for damage to young 
corn. 

Additional Index Words: Ammonium sulfate, 

‘Triple superphosphate, Banded fertilizer, Zea mays L. 

Corn (Zea mays L.) constitutes more than 50% of 
the basic human diet in all Central American 

countries; it is produced primarily by small farmers 

1Florida Agricultural Experiment Stations Journal Series No. 
2280. 

2Graduate student and Professor (Soil Chemistry and Fertil- 
ity), Soil Science Department, Institute of Food and Agricultural 
Sciences, University of Florida, Gainesville, FL 32611. 

(“campesinos”) (U.S. Economic Research Service, 1963, 
1977 and Salazar, 1968). ‘The development of technical 
programs to improve existing agronomic practices, 
which have been used by farmers for generations, is 
common. The current production system in El] Salva- 
dor involves preparation of land by animal traction 
and the Egyptian plow (a wooden plow with metal 
point). Planting trenches which are approximately 20 
cm wide at the top, 5 cm wide at the bottom, and 10 

to 15 cm deep are made at 80-cm intervals, also with 

the Egyptian plow. If fertilizers are used, they are 
applied by hand ina band at the bottom of the trench. 
The fertilizer is covered by kicking a 2 to 3 cm thick 
layer of soil over it. Corn seeds are placed on the soil 
immediately above the fertilizer and covered with addi- 
tional soil. Fertilizer materials are usually (NH,),SO, 
and triple superphosphate (ITSP). Ammonium sulfate 
is widely used because most El Salvadorean soils are 
considered to be S deficient. Potassium is presently in 
adequate supply in most soils, and soil pH is usually 
above 5.5. Almost all corn is grown without irrigation. 
Several fertilizer experiments were conducted through- 
out El Salvador from 1959 through 1968 (Salazar, 
1968). Phosphorus at rates from 0 to 70 kg/ha (0 to 
160 kg of P,O;/ha) was applied below the seed in the 
previously described manner. Nitrogen was applied at 
rates from 0 to 180 kg/ha. In some experiments, all of 
the N was applied in the trench before planting and in 
others some N was applied in the trench and some 
applied as side-dressings beside the row. However, in 
all experiments, treatments which included N had a 
substantial amount applied below the seed. 

Corn grain yields in this series of experiments were 
generally low and response to N was usually in the 
order of 11 kg of grain/kg of N applied. This is in 
contrast to corn grain production/kg of N of 33 in 
Ohio (Agronomy Dept., Ohio State Univ., 1978), and 
31 to more than 40 in Florida (Rhoads and Stanley, 
1979; Robertson et al., 1968). 

Current experiments in El Salvador continue to 
give responses similar to those reported by Salazar, 
1968. ‘The current recommendation is to apply 50 kg 
of N/ha as (NH,),SO, and 44 kg of P/ha (100 kg of 
P,O,;/ha) as ‘TSP in the trench below the seed. It has 
long been known that relatively low P rates in P- 
deficient soils may be more effective when the P is 
placed in a band beside the seed (Nelson, 1956; Singh 
and Black, 1964; and Welch et al., 1966) than when 
broadcast and incorporated. However, it has also been 
recognized that N in sizeable quantity placed near the 
seed may be harmful because of high salt concentration 
(Tisdale and Nelson, 1975). We believe the technique
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of fertilizer placement used in El Salvador may be at 
least partially responsible for low response to fertilizer 
N and P. 

The objective of this experiment was to compare 
the growth response of corn to a fertilizer-placement 
treatment similar to that used in El Salvador with 
treatments where P only is applied in a band below 
the seed and incorporated into the soil. 

MATERIALS AND METHODS 

The experiment was conducted in the greenhouse 
in Gainesville, Florida, from 23 May to 27 June 1979. 

The upper 15 cm of a Dothan fine sandy loam (fine, 
loamy, siliceous, thermic Plinthic Paleudult) soil from 

Escambia County, Florida, was used. The original soil 

pH in a soil: water suspension of 1:2 was 4.1, electrical 

conductivity (EC) was 1.15 mmho/cm, CEC was 8.36 
meq/100 g, and ECEC was 3.04 meq/100 g. The clay 
and silt contents of this soil were 8.2 and 36.7%, re- 
spectively, on a weight basis; mineralogy of the clay 
fraction was a mixture of kaolinite, quartz intergrades, 
and feldspars. 

The soil was limed with 2 meq of CaCO;/100 g and 
fertilized with a micronutrient frit at 15 pg/g 3 weeks 
before use in the experiment. After incubation and 
drying, 2 kg of soil were placed above 650 g of small 
stones in tapered plastic pots which were 15 cm wide 
at the top and 15 cm high. Fertilizers were applied as 
shown in Table 1. Treatment 4 represented the com- 
mon fertilization practice in El] Salvador. In El 
Salvador, corn is planted in 80-cm rows; this gives 

12,500 m of row/ha. It is currently recommended that 
(NH,),SO, and TSP be banded beneath the seed at 

rates of 50 kg of N and 44 kg of P/ha (100 kg of 
P,O;/ha). Fertilizer materials are applied in a band 
approximately 5 cm wide, so that they are equivalent 

to 1 g of (NH,).SO, and 0.9 g of TSP per 5 cm of row. 
The amount of fertilizer applied per pot was based on 
the previously described relationships and 15-cm diam- 
eter of the pots. In those treatments which received the 
same amount of nutrient incorporated, soil and fertil- 

izers were mixed thoroughly in plastic bags before 
placement in pots. 

All pots received a uniform application of K,SO, 
in solution, at a rate of 200 ng/g of soil. Treatments 
1, 2, and 3 received (NH,),SO, in solution at a rate of 
300 ng/g based on soil weight; this was the same quan- 
tity of N that was applied to Treatment 4. Both K,SO, 

TABLE 1.—FERTILIZATION MATERIALS AND TECHINQUES ON A FLORIDA 
ULTISOL FOR SIMULATION OF FIELD TREATMENTS USED IN EL SALVA- 
DOR. 

  

Fertilizer nutrients 
  

  

N FP 
Treatmentst N (NH 4),8O A P 20 5 TSP 

kg/ha g/5 cm row kg/ha  g/5 cm row 

1 50 0 0 0 
2 50 0 100 0.9 
3 50 0 100 Incorporated 
4 50 1 100 0.9 

  

{Treatments 1 through 3 received N as (NH,),SO, in solution 

equivalent to that applied to Treatment 4. All treatments received 
K as K,SO, equivalent to 200 ug/g of soil. 

and (NH,).SO, were applied to the soil surface in two 
applications, one half at emergence of seedlings and 
one half 10 days after emergence. 

Corn (variety Dekalb XL-395) was used in the ex- 
periment; germination observations, plant growth 
measurements, and chemical determination of nutri- 

ents in plant tissue were made. Soil samples were ob- 
tained by inserting a tube through the fertilizer band 
which corresponded to the plant row. 

A randomized block design with four replications 
was used. The data were analyzed statistically by 
analyses of variance; treatment means were compared 
by Duncan’s new multiple range test. 

RESULTS AND DISCUSSION 

Corn seed germination was not significantly re- 
duced by any of the treatments (Table 2). Plant heights 
at 9, 14, and 33 days after emergence were adversely 
affected by (NH,).SO, under the seed in addition to 
the P (Treatment 4). At 33 days, plant height from 
Treatment 1 was severely depressed by P deficiency 
and plant height from Treatment 4 remained signif- 
icantly less than from Treatments 2 and 3 with P only 
banded under the seed or with P incorporated. Corn 
herbage weights 33 days after germination were dras- 
tically affected by treatments; herbage weight from 
Treatment 1 without P was only 1.0 g/pot and from 
Treatment 4 with N and P applied under the seed 
11.9 g/pot compared with 19.5 g/pot from Treatment 
2 with P alone under the seed. Plant height of Treat- 
ment 4 at the same age was 102 cm, 15% less than 121 
and 117 cm for Treatments 2 and 3. Plant root systems 
were affected in a manner similar to herbage. The 
root system from Treatment 1 without P was only 0.2 
g/pot; that from Treatment 4 with N and P under the 
seed was 1.9 g/pot while that from Treatment 2 with 
P only under the seed was 4.3 g/pot (Table 2). The 
smaller root system from Treatment 4 was undoubtedly 
a consequence of the high salt concentration immedi- 
ately below the plants in the early growth stage. It is 
likely that this restriction of root growth in young 
plants may result in a more shallow, less developed 
root system which will restrict water and nutrient up- 
take from subsoils. 

Robertson and Hutton (1959) and Mengel and 
Barber (1974) held that the deeper the root system, the 
better the plant is able to withstand periods of mois- 
ture stress. Root system development is particularly 
important in the Central American countries, where 

most producers depend only on rainfall; a well de- 
veloped root system is essential to explore deeper parts 

TABLE 2.—CorN GROWTH RESPONSE TO FERTILIZER RATES AND PLACE- 
MENT ON A FLORIDA ULTISOL. 

  

Treat- Germi- Days after planting Oven-dry weights 
  

  

ments nation 9 14 33 Herbage Roots 

SNe = Plantheighti cm ase ¢/pot=———== 

1 95a* 5a 30a 43¢ 1.0c 0.2c 
2 100 a 4a 38a 12la 95a 43a 
3 90a 4ab 33a ll7a 18.2a 3.8a 
4 95a 3b 21b 102 b 11.9b 1.9b 

  

*Values within columns followed by the same letter do not 
differ significantly at the 0.05 level of probability according to 
Duncan’s new multiple range test.
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of the soil where moisture is retained if high grain 
yields are to be produced. 

Herbage nutrient concentrations were generally 
adequate for plant growth (Table 3); except for P, 
nutrient concentrations were inversely related to top 
growth. Herbage concentrations of P and K from 
‘Treatment 4 were significantly larger than from Treat- 
ments 2 and 3. Calcium, Mg, and Cu concentrations 
were low for all treatments except 1 where growth was 
poor because of P deficiency. Concentrations of Fe, Mn, 

and Zn were adequate for plant growth in Treatments 
2, 3, and 4; however, they were unusually high for 

plants from Treatment 1. With the exception of Fe, 
Cu, and Zn, nutrient contents were significantly re- 
duced for Treatment 4 as compared with 2 and 3 
(Table 4). The only difference between Treatments 2 
and 3, and 4 was the manner of N application. In 
‘Treatment 4, N was applied prior to seeding in a band 
only 2 to 3 cm below the seed; therefore, the reduction 
of plant growth from Treatment 4 was likely caused by 
the high concentration of (NH,),SO, in the 5-cm wide 
application band. 

Root nutrient concentrations were relatively un- 
predictable, probably because of analytical error asso- 

ciated with small sample size; therefore, these data are 

not presented. However, because of smaller root mass, 

root nutrient contents from Treatment 4 were lower 
than from Treatments 2 and 3. 

Values for EC (Table 5) in the soil ranged from 
5.8 to 6.4 mmho/cm for Treatments 2, 3, and 4. For 
Treatment 1, EC was significantly higher probably be- 
cause of poor plant growth and low nutrient uptake as 
a consequence of severe P deficiency. High concentra- 
tions of K in the soil and N in the foliage support this 
statement. 

Although soil pH was lower than that intended, 

the appearance of plants in Treatments 2, 3, and 4 
showed no evidence of Al toxicity. Even though pH 

TABLE 5.—Som pH, ELECTRICAL CONDUCTIVITY, AND DOUBLE-ACID 
EXTRACTABLE NUTRIENTS IN SOIL AFTER FERTILIZATION AND CROPPING. 

  

Double-acid 

  

Treat- extractable nutrients 

ments pH EC} WP K Ca Mg 

NOM ph 

1 4.8 a* 10.7 a 3ICueL OS ;amee lac 180a 
2 4.1¢ 6.0 b 68b 84b 504ab  120a 
3 4.1¢ 5.8b 55b 9c 428b 166a 
4 4.3b 6.4b 186 a 46c 605a 146a 

  

TEC of the virgin soil was 1.2 mmho/cm. 
*Values within columns followed by the same letter do not 

differ significantly at 0.05 level of probability according to 
Duncan’s new multiple range test. 

values were low, Al saturation of the ECEC (Table 6) 
was substantially below the 44% level mentioned by 
Kamprath (1970) for normal growth of corn. Further- 
more, corn responded to lime in mineral soils only 
when Al saturation of the ECEC was above 70%, at 
which point concentration of soil solution Al increased 
sharply (Evans and Kamprath, 1970). In Treatments 2 
and 3, with large root systems, exchangeable Al was 1.6 
and 1.7 meq/100 g of soil, respectively, with percentage 
saturations of the ECEC of 28 and 31. In contrast, the 
root system from Treatment 4 with (NH,),SO, applied 
below the seed was relatively small; exchangeable Al 
in soil from Treatment 4 was 0.9 meq/100 g which 
represented a percentage saturation of the ECEC of 
only 18. Phosphorus in the soil after cropping was 
significantly higher in Treatment 4 than in soils from 
Treatments 2 and 3, probably because of smaller root 
and herbage nutrient contents. 

We think that this adverse effect of (NH,),SO, ap- 
plied below the seed under nearly ideal moisture con- 
ditions in this greenhouse experiment could be ampli- 

TABLE 3.—CorN HERBAGE NUTRIENT CONCENTRATIONS. 

    

Oven-dry herbage nutrients 
  

  

Treatments Nt P K Ca Mg Fe Mn Cu Zn 

Ee EIE Dvn, Lene Se eee pate Bee SE EI NBER Sree ene 0) ot eee ts ey 

1 5.03 0.09 c* 3.19 a 0.31a 0.47 a 179 ab dla 8a 228 a 
2 2.95 0.21 b 1.50 c¢ 0.15 ¢ 0.22 b 92b 4lb 2b 23 b 
3 2.83 0.21 b 1.75 ¢ 0.17 b 0.22 b 116b 41b 4b 25b 
4 3.31 0.29 a 2.50 b 0.14d 0.21 b 209a 39 b 3b 30b 

  

+Nitrogen was determined in samples composited from all replications. 
*Values within columns followed by the same letter do not differ significantly at 0.05 level of probability according to Duncan’s new 

multiple range test. 

TABLE 4.—Corn HERBAGE NUTRIENT CONTENTS. 

  

Herbage nutrients 
  

  

‘Treatments N Ee K Ca Mg 

1 50 0.9 d* 31.9d 8.1d 47d 
2 573 40.6 a 290.3 b 29.6 b 43.74 
3 515 37.4b 315.5 a 30.la 39.5 b 
4 394 32.9 c 279.5 c 16.1. ¢ 16.0 c 

  

Fe 

  

Mn Cu Zn 

—— 0 Cae tree en ee 

0.2d 0.008 b 0.228 b 
08a 0.046 a 0.439 a 
0.7b 0.067 a 0.451a 
0.5¢ 0.035 ab 0.350 a 

  

*Values within columns followed by the same letter do not differ significantly at the 0.05 level of probability according to Duncan’s 
hew multiple range test.
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TABLE 6.—EXCHANGEABLE CATIONS AND ECEC FOR SOIL AFTER FER- 

TILIZATION AND CROPPING. 

  

  

  

Al 
Treat- Exchangeable cations} satu- 

ments Al H Ca Mg ECEC ration 

aos ee am eqi//L OO ke ener oe 

1 Os/AD eee O:Olammemele lect l4a 3.9 b 18 
2 16a OG Blo) 0.9b 5.6a 28 
3 l7a 08a 18c 1.2 ab 54a 31 
4 0.9b 06a 26a 1.1 ab 5.la 18 

  

+The values for the virgin soil were 0.57, 0.40, 1.01, 1.03, and 

8.0 for exchangeable Al, H, Ca, Mg, and ECEC, respectively. 

*Values within columns followed by the same letter do not 

differ significantly at the 0.05 level of probability according to 
Duncan’s new multiple range test. 

fied under field conditions of uncertain rainfall. 
Furthermore, the magnitude of corn yield in most cases 
under field conditions in El Salvador would indicate 
that N could be omitted at planting and applied as 
side dressings at appropriate times, thus avoiding the 
potential for damage to young corn. 
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Growth and Cadmium Uptake by Lettuce and Radish 
Fertilized with Cadmium, Zinc, and Sewage Sludge’ 

CHARLES C. HORTENSTINE? 

ABSTRACT 

A complete factorial experiment with two levels of 
sewage sludge (0 and 100 metric tons/ha), three levels 
of Zn (0, 50, and 100 kg/ha), and three levels of Cd 

(0, 2.5, and 5.0 kg/ha) mixed throughout the soil was 
conducted in the greenhouse with Arredondo fine sand 
(loamy, siliceous, hyperthermic Grossarenic Paleudalf). 
Indicator plant species were leaf lettuce (Lactuca sativa 
L. var. crispa cultivar Grand Rapids) harvested at 8 
weeks from planting followed by radish (Raphanus 
sativus L. cultivar Red Globe) harvested at 6 weeks 
from planting. Yields of lettuce were significantly in- 
creased by the sludge, but significantly decreased by 
the highest rate of Zn and Cd. Water-soaked spots 
which gradually coalesced with time to produce dead 
tissue were prevalent on lettuce leaves in the highest 
rate of Zn on soil with no sludge. These spots were 
symptoms of Zn phytotoxicity which were not mani- 
fested in sludge treated soil. In contrast to lettuce, 
yields of radish tops and roots were significantly less in 
sludge treated soil as compared to soil which had re- 

1Florida Agricultural Experiment Stations Journal Series No. 
2281. 

*Professor of Soil Chemistry, Soil Science Department, Uni- 
versity of Florida, Gainesville, FL 32611. 

ceived no sludge. No visible symptoms of phytotoxicity 
were produced in radish plants by any treatment. 

Additional Index Words: Grossarenic Paleudalf, 
Phytotoxicity, Lactuca sativa, Raphanus sativus. 

The utilization of municipal sewage sludge (SS) as 
a soil amendment or source of plant nutrients has in- 
creased substantially during the past several years in 
the United States. Potential hazards exist when SS 
containing relatively high levels of heavy metals is 
applied to agricultural soils with subsequent entry of 
these metals into the human food chain. Cadmium is 
especially important in this respect as it can accumu- 
late within various body organs in amounts that can 
produce disease or fatalities (Shroeder, 1965; Axelsson 
and Pascator, 1966; Carroll, 1966). ‘The incidence of 
“itai-itai” disease in the Jintsu basin of Japan during 
the 1960s focused worldwide attention on the accumu- 
lative effects of Cd in the diet (Tsuchiya, 1969). Jap- 
anese health officials (Yamegata and Shigematsu, 1970) 
determined that rice was the major dietary source of 
Cd in that epidemic and that the locally produced rice 
contained over 1.0 »g Cd/g with a range up to 3.4 pg 
Cd/g. They further stated that a daily intake of 300 pg
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Cd/person was the maximum acceptable and that 0.4 
pg Cd/g was the upper limit in unhulled rice. 

Sludge applications to soils used for the production 
of human foods are controlled to a large extent by 
guidelines as set forth by the USEPA, Solid Wastes 
Disposal Facilities (1978). Among the criteria proposed 
by EPA are that soil pH be at or above 6.5, total 
amounts of Cd added not exceed 10 pg Cd/g soil, and 
that SS containing in excess of 20 mg Cd/kg would not 
be permitted where certain crops are grown, i.e., leafy 
vegetables that absorb relatively large amounts of Cd. 

Several soil factors are known to affect Cd availabil- 
ity for plant uptake; among these are Zn and organic 
matter (Haghiri, 1974; Maclean, 1976). The objectives 
of this study were to evaluate the main effects and 
interactions of Cd, Zn, and SS with a low Cd content 
on the growth and Cd uptake of leaf lettuce (Lactuca 
sativa L var. crispa cultivar Grand Rapids) and radish 
(Raphanus sativus L. cultivar Red Globe) in Ar- 
redondo fine sand (loamy, siliceous, hyperthermic 
Grossarenic Paleudalf). 

MATERIALS AND METHODS 

Arredondo fine sand, obtained from the 0 to 15-cm 
depth of an uncultivated area, was air-dried and seived 
to remove plant debris and small rocks. ‘The soil was 
limed with reagent grade CaCO, to pH 6.5, from an 
original pH 5.9, and weighed at 2,700 g soil/pot into 
plastic pots lined with polyethylene bags. The experi- 
mental design was a 2 x 3 x 3 factorial with two levels 
of SS (0 and 100 tons/ha), three levels of Cd as CdCl, 
(0, 2.5, and 5.0 kg/ha), and three levels of Zn as ZnSO, 
(0, 50, and 100 kg/ha) replicated four times. In addi- 
tion, Ca(NO;),, KH,PO,, KCl, MgNO,;, MnSO,, 
CuSO, and H,BO, reagent grade compounds were 
added to each pot in sufficient amounts to assure op- 
timum plant growth. All plant nutrients and_ soil 
amendments were mixed with the soil from individual 
pots in a twin-shell blender. The pots were arranged on 
greenhouse benches in randomized blocks and allowed 
to incubate for 2 weeks before planting day. Ten 
lettuce seeds were planted, and the seedlings were later 
thinned to three in each pot. Soil moisture was main- 
tained with distilled water at about 10% by weighing 
the pots at 2 to 3-day intervals. After 8 weeks from 
planting, the lettuce roots and tops were removed, 
washed in distilled water, dried at 70 C, weighed, and 
ground in a stainless steel Wiley mill before chemical 
analyses. The same amounts of N-P-K were added to 
each pot as for the lettuce and 10 radish seeds were 
planted. Radish seedlings were thinned to six per pot 
and harvested at 6 weeks from planting date. Radish 
tops and roots were prepared for analyses the same as 
for the lettuce plants. 

Plant tissue was ashed at 450 C for 8 hours, dis- 
solved in 6N HCl, made to volume with distilled, 
deionized water, and analyzed by atomic absorption for 
Cd. Soil samples were removed from the pots after the 
radish harvest, and extracted in 0.005M diethylene- 
pentaacetic acid + 0.1M triethyleneamine (DTPA) ac- 
cording to the method proposed by Lindsay (1972), 
and analyzed by atomic absorption for Cd. ‘Total solu- 
ble salts (TSS) were estimated by electrical conductance 
(EC) in a saturated soil extract (USDA Handbook No. 
60, 1954). 

RESULTS AND DISCUSSION 

LETTUCE 

Seed germination and seedling growth were normal 
in all pots in spite of relatively high TSS in some of 
the SS treated pots (discussed under Soil section). 
During the second and third weeks of growth, all of 
the lettuce plants in pots that had received 100 kg 
Zn/ha and no SS began to develop small, water-soaked 
spots which grew in size with time until a large part 
of the leaves was affected. These areas gradually dried 
and the affected tissue died. During the latter part of 
the growth period (4 to 5 weeks), lettuce in the 50 kg 
Zn/ha pots began to show the same phytotoxic effects. 
‘This phytotoxicity was no doubt caused by the added 
Zn which was, in some way, rendered non-toxic by the 
addition of SS to the soil. Lettuce in SS treated pots 
was also greener and appeared to be in much better 
physical condition than lettuce in the pots with no SS. 

Lettuce leaf yields (Table 1) increased with SS and 
decreased with Cd additions to pots with no SS. The 
severe phytotoxic effects produced by Zn when no SS 
was added had no significant affect on yield. There 
were significant SS x Cd and Cd x Zn interactions. ‘The 
yields of lettuce roots were comparable in magnitude to 
the tops and are not presented. 

Cadmium uptake by the lettuce leaves (Table 2) 
was drastically increased by Cd additions to the soil, 
but this icrease was ameliorated considerably by the 
addition of SS. The interactions displayed in ‘Table 2 
are quite interesting. Zinc applied to the no SS treat- 
ments apparently decreased Cd uptake, but increased 
Cd uptake for SS-treated soil. Since lettuce leaves are 
not a major item in human diets, Cd uptake of the 
magnitude shown in this study should not be viewed 
as a health hazard. 

The Cd contents of lettuce roots (Table 3) were 
increased significantly by Cd additions to the soil, but 
the increases were not of the magnitude as shown by 
the lettuce leaves. Sludge and Zn additions had no 
effect on Cd uptake by the roots. However, there was a 

SS x Zn interaction manifested by a decrease in Cd 
uptake with Zn applied to no SS pots and an increase 
in Cd uptake where Zn was applied to SS pots. 

TABLE 1.—INFLUENCE OF Cd, SS, AND Zn ON DRY MATTER YIELD OF 
LETTUCE. 

  

Cd added 

  

  

  

  

SS added Zn added, kg/ha 

kg/ha tons/ha 0 50 100 Avg 

SEERA eS 29 /POt pees ae eal 

0 0 2.0 2.0 1.7 1.9 
2.5 0 1.3 1.4 1.0 1.2 
5.0 0 1.0 18 1.4 1.4 

Avg 14 1.7 1.4 1.5 

0 100 2.3 1.5 1.4 1.5 
ab) 100 2.2 2.3 1.6 1.5 
5.0 100 2.1 18 1.6 1.9 

Avg 2.2 1.9 1.7 2.0 
  

Significant differences: 
P < 0.001—SS, SS x Cd. 
P < 0.01—Cd, Cd x Zn.
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TABLE 2.—CADMIUM CONTENTS OF LETTUCE TOPS GROWN IN AR- 

REDONDO FINE SAND. 

  

TABLE 4.—INFLUENCE OF Cd, Zn, AND SS ON DRY MATTER YIELD OF 

RADISH TOPS. 

  

      

  

    

  

  

  

  

Cdadded 6S added Zn added, kg/ha Cdadded SS added Zn added, kg/ha 
kg/ha tons/ha 0 50 100 Avg kg/ha tons/ha 0 50 100 Avg 

deck S|, Seema ree atiee Lake Map Sige SiaeeR TS an em Omen he ct coer (WMlics bobnes dooe'as 

0 0 2.3 Tel 1.6 Hed 0 0 2.2 2.3 a? ay 
2.5 0 54.7 32.3 31.8 39.6 2.5 0 2.2 2.3 he, 2.2 
5.0 0 82.7 Sie 47.4 62.6 5.0 0 2.0 kD) 2.2 2.2 

Avg 46.7 30.4 26.9 34.7 Avg 2.1 24 2.2 2.2 

0 100 2.3 5.6 5.7 4.5 0 100 ne 1.8 1.5 a7 
2.5 100 18.6 18.9 33.6 23.7 2.5 100 1.8 1.6 14 1.6 
5.0 100 37.1 50.8 47.5 45.1 5.0 100 a7] 1.8 1.5 17 

Avg 19.3 25.1 28.9 24.4 Avg 167] 17 1.5 1.6 

Significant differences: Significant differences: 
P < 0.001—Cd, SS, SS x Cd, Cd x Zn, SS x Cd x Zn. P <0.001—SS. 

P < 0.01—SS x Zn. 
P < 0.05—Zn. 

RApIsH 

Radish top weights were decreased by the addition 
of SS to the soil (Table 4) and there was a SS x Zn 
interaction. Germination and plant growth were 

normal in all pots and there were no symptoms of 
phytotoxicity produced in any of the radish plants. It 
is noteworthy that SS caused about a 25% decrease in 
radish top weights, whereas it caused an increase of 

about the same amount in lettuce weights. 
Cadmium contents of radish tops (Table 5) were 

increased by Cd additions and decreased by Zn addi- 
tions to the no SS treatments. All interactions tested 
were significant except for the SS x Cd interaction. 
Cadmium uptake by the radish tops was not as great 
as in the lettuce leaves (20 vs 30 ng/g overall averages), 
but this may have resulted from the longer growing 
period for lettuce (8 vs 6 weeks). However, ‘Turner 
(1973) found differences of the same magnitude be- 
tween lettuce (24 yg Cd/g) and radish tops (15 pg 
Cd/g) harvested after 5 weeks in solution containing 
0.10 »g Cd/ml. 

TABLE 3.—CADMIUM CONTENTS OF LETTUCE ROOTS GROWN IN AR- 
REDONDO FINE SAND. 

  

  

  

  

  

Significant differences: 
P < 0.001—Cd, SS x Zn. 
P < 0.05—SS x Cd x Zn. 

Cdadded 8S added Zn added, kg/ha 
kg/ha tons/ha 0 50 100 Avg 

——————— HB eee 
0 0 1.3 0.7 0.5 0.8 

2.5 0 15.6 8.4 10.9 11.6 
5.0 0 22.9 19.7 16.1 19.3 

Avg 13.0 9.6 9.2 10.6 

0 100 2.3 3.1 44 3.3 
25 100 8.8 13.3 13.5 11.9 
5.0 100 16.8 15.7 20.8 17.8 

Avg 9.3 10.7 12.9 11.0 

Radish root weights were decreased by SS and Zn 
application at the highest rate (Table 6) and there was 
a significant SS x Zn interaction. ‘There was about 41% 
reduction in oven-dry weight of radish roots and a cor- 
responding 47% reduction in fresh weight (from 48 
g/pot to 26 g/pot) from the addition of SS. However, 
dry matter in the roots was increased from 6.6 to 7.8 % 
by the addition of SS. It is postulated that TSS in the 
SS treated soil caused the reduction in radish top and 
root yields (a further discussion of this follows in the 
Soil section). 

The radish roots (Table 7) contained about 20% 
of the level of Cd contained in the lettuce roots (2.1 
vs 10.8 pg/g). It is highly unlikely that Cd toxicity 
from radish with Cd levels would pose a problem in 
the human diet. 

SOIL 

The Arredondo fine sand used in this study had pH 
5.9 in water and contained 5.9 pg P/g, 24 we K/g, 24 
pg Ca/g, and 92 ng Mg/g extracted in IN NH,OAc 
(pH 4.8). The SS was obtained from the Walt Disney 

TABLE 5.—CADMIUM CONTENTS OF RADISH TOPS GROWN IN AR- 
REDONDO FINE SAND. 

  

  

  

  

  

Cdadded 6S added Zn added, kg/ha 
kg/ha tons/ha 0 50 100 Avg 

wanecnnceenecccnnesneennaee es 
0 0 22 0.8 1.0 13 
25 0 34.5 17.2 17.4 23.0 
5.0 0 555 34.7 31.6 40.6 

Avg 30.7 17.6 10.9 19.7 

0 100 17 2.7 3.0 2.5 
25 100 18.3 24.1 21.8 21.4 
5.0 100 40.3 34.5 36.8 37.2 

Avg 20.7 20.4 20.5 20.5 
  

Significant differences: 
P < 0.001—Cd, Zn, SS x Zn, Cd x Zn, SS x Cd x Zn.
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TABLE 6.—INFLUENCE OF Cd, SS, AND Zn ON DRY MATTER YIELD OF 
RADISH ROOTS. 

‘TABLE 8.—CADMIUM CONTENTS OF ARREDONDO FINE SAND EXTRACTED 
IN DTPA AT THE END OF EXPERIMENTAL PERIOD OF 16 WEEKS. 

  

  

  

  

  

  

Cdadded $$ added Zn added, kg/ha Cdadded 8S added Zn added, kg/ha 
kg/ha tons/ha 0 50 100 Avg kg/ha tons/ha 0 50 100 Avg 

wo g /pot ——— eo 
0 0 3.2 3.2 2.9 3.1 0 0 0.06 0.09 0.06 0.07 

2.5 0 3.5 3.1 3.3 3.3 25 0 1.17 1.56 1.26 1.26 
5.0 0 209 3.4 3.1 3.1 5.0 0 2.54 2.68 2.68 2.63 

Avg eo Se 3.1 3.2 Avg 1.26 1.38 1.33 1.32 

0 100 all 2.2 7 2.0 0 100 0.24 0.29 0.24 0.26 
2.5 100 a3 1.8 1S 1.8 25 100 1.20 1.22 1.24 1.22 
5.0 100 2.0 2.3 1.8 2.0 5.0 100 2.26 2.43 2.36 2.35 

Avg 2.1 2.1 1.6 Ig Avg 1.23 1.31 1.28 1.28 

Significant differences: Significant differences: 
P < 0.001—SS. P < 0.001—Cd, SS x Cd. 
P < 0.01—Zn. P < 0.05—Zn. 
P < 0.05—SS x Zn. 

World sewage treatment plant and it measured pH 
5.4 in water and contained total amounts of 60yug P/g, 
500 pg K/g, 2,500 pe Ca/g, and 3,300 pe Mg/g. The 
EC was 6.56 mmhos/cm which indicated a TSS content 
that would restrict yields of most food crops (USDA 
Handbook No. 60, 1954). The SS produced at Walt 
Disney World is entirely from human activity and con- 
tains no industrial component. The DTPA-extractable 
Cd in this SS was 2.7 pg/g and the Zn was 151 pg/g, 
both of which are quite low values as compared to 
other municipal SS (Chicago SS used in another of my 
studies contained 25 pg Cd/g and 925 pg Zn/g). 

The Cd content of Arredondo fine sand at the end 
of 16 weeks and after two harvests (Table 8) indicated 
a large increase from Cd applications with no signif- 
icant effect from SS application. Evidently, the small 
amount of Cd in the SS was not enough to effect a 
change in soil Cd—a total of 270 g Cd/ha was added by 
the 100 tons/ha rate of SS. However, there was a sig- 
nificant SS x Cd interaction. 

Total soluble salts were more than doubled by SS 

TABLE 7.—CADMIUM CONTENTS OF RADISH ROOTS GROWN IN AR- 
REDONDO FINE SAND. 

  

  

  

  

  

Cdadded $$ added Zn added, kg/ha 
kg/ha tons/ha 0 50 100 Avg 

————— 2 Cee ees 
0 0 0.3 0.3 0.3 0.3 

2.5 0 4.0 1.6 14 2.3 
5.0 0 7.2 3.9 Pal) 46 

Avg 3.9 1.9 15 24 

0 100 0.9 0.5 0.4 0.4 
2.5 100 RD 1.7 1.7 1.6 
5.0 100 ha 3.6 ote, Bes 

Avg 1.8 1.9 1.8 1.8 
  

Significant differences: 
P < 0.001—Cd, SS, Zn, SS x Cd, SS x Zn, Cd x Zn, SS x Cd 
x Zn. 

TABLE 9.—TOTAL SOLUBLE SALTS IN ARREDONDO FINE SAND AT THE 
END OF THE EXPERIMENTAL PERIOD OF 16 WEEKS. 

  

  

  

  

  

Cdadded SS added Zn added, kg/ha 
kg/ha tons/ha 0 50 100 Avg 

ee minh os Giessen 

0 0 1.45 1.21 1.58 1.41 
2.5 0 1.21 1.50 lil 1.27 
5.0 0 1.50 1.07 1.16 1.24 

Avg 1.39 1.26 1.28 1.31 

0 100 2.95 2.66 3.29 2.97 
25 100 2.17 3.00 3.24 2.80 
5.0 100 2.83 2.59 2.87 2.76 

Avg 2.65 2.75 3.13 2.85 
  

Significant differences: 
P < 0.001—SS, Cd x Zn. 
P <0.05—SS x Zn. 

application to Arredondo fine sand (Table 9). Accord- 
ing to the USDA Handbook No. 60, these levels of SS 
could restrict germination and yield of salt sensitive 
crops, i.e., soil with an EC > 2 and < 4 mmhos/cm. 
Lettuce has moderate salt tolerance and radish sensi- 
tive salt tolerance (Lunin et al., 1960) and both species 
should have displayed some effects of salt injury from 
the SS. However, no symptoms of phytotoxicity in any 
plant were attributable to TSS. As shown in Tables 4 
and 6, soil containing SS produced yields of radish 
tops and roots that were 25 and 41% lower than soil 
with no SS. The sensitivity of radish to soluble salts 
could have caused this reduction in yield. 
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Genesis of Acid Sulfate Soils’ 

S. C. HopGeEs AND V. W. CARLISLE? 

ABSTRACT 

The objective of this paper was to bring together 
pertinent views regarding the genesis of acid sulfate 
soils. Acid sulfate phenomena commonly occur in soils 
derived from recent marine sediments. Historical and 
current concepts discussing genesis, chemistry, and en- 

vironment of iron sulfide formation are reviewed in 
detail. Suggestions are made to refine the definition of 
sulfidic materials, presently restricted to 0.75% or 
more total S and less than three times as much car- 
bonate (CaCO, equivalent) as S, to the extent that the 
extreme acidification of sandy soils similar to condi- 
tions occurring along Florida coastal areas could also 
be recognized. 

Additional Index Words: Sulfides, Pyrites, Sulfidic 

materials, Sulfidic subgroups. 

  

Acid sulfate soils were recently defined by Pons 
(1972) to include all soil materials in which, during the 
process of soil formation, H,SO, either was produced, 

is being produced, or will be produced in amounts that 
have lasting effect on the main soil characteristics. This 
definition includes such soil materials as sulfidic and 
sulfuric horizons and the traditional cat clays and cat 
sands. Acid sulfate soils have a broad world-wide dis- 
tribution (Kawalec, 1972) but usually occur along 
coastal areas of fairly recent marine sediments. Prior to 
drainage, acid sulfate soil materials contain large 

amounts of sulfide-S, primarily in the form of pyrite. 
After drainage, the pyrite oxidizes, producing H,SO,. 
Pyrite oxidation often results in formation of jarosite 
mottles and soil reaction of less than pH 4.0. 

FORMATION OF IRON SULFIDES 

In order for acid sulfate compounds to form, S and 

Fe sources must exist together in a reducing environ- 
ment. Furthermore, a mechanism whereby alkaline 
components are removed from the environment must 
be, active. These conditions are usually present only 
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2Graduate Student and Professor of Soil Science, respectively, 
Soil Science Department, University of Florida, Gainesville, FL 
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in marine sedimentary environments, although notable 
exceptions have been reported (Chenery, 1954). ‘Thus, 
this paper emphasizes the marine environment in dis- 
cussing formation of sulfidic compounds. 

Sulfur may originate from SO,?- in seawater, an- 
cient S-bearing formations, or biological materials. In 
recent deltaic and coastal formations, areas which are 
often agriculturally important, SO,?- from seawater 
was the primary source of S which formed sulfides 
(Bloomfield and Coulter, 1973). Acid sulfate soils at 
an elevation of 2000 m were reported by Chenery 
(1954) where S-rich drainage waters from surrounding 
schists and phyllites moved into inland swamps and 
were reduced to sulfides. Extreme acidification resulted 
when these soils were experimentally drained. Oxida- 
tion of sulfides in other ancient sediments may create 
serious problems in coal, pyrite, copper, zinc, and lead 
mines (Temple and Koehler, 1954). Sombatpanit® de- 
scribed sulfidic soils in Sweden that contained S de- 
rived from biological materials that were simultane- 
ously deposited with finer mineral particles. 

Of the more than 40 S compounds recognized by 
Valenski (1950) to occur in the S-H,O system, only 
rhombic S, H,S, SO,2-, bisulfide, and bisulfate were 
shown to occur in important quantities. Mohr et al. 
(1972) used equilibrium pH-Eh diagrams to show the 
dominance of SO,?- in aqueous solutions. Hydrogen 
sulfide and HS~ are stable only under strongly reduced 
conditions, whereas rhombic S is stable under very 
specific conditions of Eh, pH, and total dissolved S 
activity. Other investigators have extended this argu- 
ment to include natural environments such as seawater 
(Berner, 1965; Garrels and Thompson, 1962; Rickard, 
1971). 

‘The compound H,S and HS anions react readily 
with most Fe minerals to form Fe sulfides. Many Fe- 
rich minerals have been reported in marine sedimen- 
tary environments. Equilibrium pH-Eh diagrams have 
been used to show the stability of common dissolved 
and solid Fe species in low temperature environments 
(van Beers, 1962; Garrels and Christ, 1965; Mohr et al., 
1972; Rickard, 1971). These diagrams generally dem- 
onstrate that under the oxidized, neutral to alkaline 
conditions of marine environments, hematite is the 

3§. Sombatpanit, 1970. Acid sulfate soils, their nature and 
properties. Unpubl. Thesis. Royal Agric. Col., Uppsala.
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stable Fe phase. Rickard (1971) noted, however, that 
such diagrams usually do not consider goethite, 
aqueous Fe(OH),, and Fe silicates in the necessary cal- 

culations. James (1966) indicated that goethite is the 
dominant Fe mineral formed under marine conditions. 
Berner (1969) and Langmuir (1970) showed that 
hematite is thermodynamically stable with respect to 
goethite, but Berner (1969) concluded the conversion 
rate was very slow and goethite may exist metastably at 
lower temperatures. The relatively low solubility of Fe 
oxides demonstrated by Garrels (1959) could be an 
important factor in this slow conversion. 

Stumm and Lee (1960) and Stumm and Morgan 
(1970) discussed the polymerization of ferric Fe which 
may subsequently lead to precipitation of insoluble 
ferric hydrous oxides. They also noted that absorption 
of poly-hydroxyl-metal complexes can occur against 
electostatic repulsion forces. ‘Thus, transportation of 
Fe in natural waters has been reported as coatings on 
clays (Carrol, 1958), coatings on sand grains (Berner, 
1971), and living diatoms, plankton, and organic 

debris (Harvey, 1936). 
Thermodynamic data for Fe-silicate minerals such 

as glauconite and chamosite are not available, but these 
minerals may be important sources of Fe in the forma- 
tion of Fe sulfides (Berner, 1964; Mohr et al., 1972). 
Other Fe minerals such as siderite (FeCO;) and 
vivianite [Fe,(PO,).8H,0] that are generally unstable 
under conditions existing in marine environments 
(Rosenquist, 1972; Berner, 1971), would be of im- 
portance only locally in the formation of sulfide min- 
erals. Many detrital Fe minerals under low tempera- 
ture and pressure will not react readily with sulfides. 
Maegnetite and ferro-magnesium silicates are par- 
ticularly resistant to sulfide attack (Rickard, 1971). 
Some fine grained minerals may react and Menon 
(1967) reported that diagenetic pyrite formed through 
sulfidation of biotite Fe. 

Sulfate Reduction 

As noted above, SO,?- is the principal form of S in 
seawater. Since fixation occurs as sulfide, a reduction 
process must take place. According to the calculations 
of Stumm and Morgan (1970), it is thermodynam- 
ically possible for SO,?- reduction to occur chemically 
by an inorganic mechanism. Rickard (1971) pointed 
out that this mechanism is very slow and probably in- 
significant. Sulfides may be released by decomposition 
of naturally occurring organic S compounds, but 
Berner (1970) noted that marine sediments often con- 
tain sulfides in excess of that amount which could be 
theoretically calculated if the sediments were 100% 
organic matter. A much more suitable explanation is 
the presence of SO,?-reducing bacteria, which are 
capable of using SO,?-, $,0,?-, and S° as electron ac- 
ceptors during oxidation of organic substances or H, 
(Mohr et al., 1972). Starkey (1966) postulated that 
under natural circumstances SO,?- reduction is entirely 
a microbial process. Kimata et al. (1955) directly cor- 
related the percent sulfide by weight in a coastal mud 
to the number of SO,?-reducing bacteria present. ‘The 
reduction process may be represented by 2CH,0 + 
SO,2- > HCO,.,- + HS- + CO, + H,O, where CH,O 
represents a metabolizable organic substrate. It is im- 
portant to note that the reduction process increases pH 
through the formation of bicarbonates. 

Howarth (1979) recently demonstrated that, in the 
surface peat of a Cape Cod salt marsh, $O,?- reduction 
proceeds at very high rates. He concluded that SO,?- 
reduction was the major form of respiration in salt 
marsh ecosystems. 

CHEMISTRY AND ENVIRONMENT OF 
IRON SULFIDE FORMATION 

Extremely limited amounts of authigenic, non- 
ferrous sulfidic minerals have been observed in recent 
sediments (Rickard, 1971). Thus, the primary method 
of sulfide fixation is deposition as Fe sulfides. The 
major Fe sulfide forms include pyrite (FeS, cubic), 
pyrrhotite (Fe,.S hexagonal), marcasite (FeS, ortho- 
rhombic), mackinawite (FeS tetragonal), griegite 
(Fe,S, cubic), and smythite (Fe,S, rhombic). Of the 
forms mentioned above, only pyrite and pyrrhotite are 
thermodynamically stable in marine environments, al- 
though metastable forms of the other minerals may be 
very persistent. Smythite may be stable at temperatures 
below 75°C (Rickard, 1971). Pyrrhotite forms at much 
greater temperatures than pyrite, and thus is of little 
importance in most recent sedimentary environments. 

Rickard (1974) stated that the initial reaction in 
sedimentary pyrite formation is between reactant Fe 
(generally goethite) and dissolved sulfide. This results 
in formation of a metastable ferrous or ferroso-ferric 
sulfide. This material has been termed “black FeS” and 
has been shown to contain both X-ray amorphous and 
crystalline components. Mackinawite and griegite are 
the only crystalline phases that have been identified at 
the present time (Berner, 1964; Rickard, 1971; Rickard, 
1975; Sweeney and Kaplan, 1973). Beyond this point, 
more than one possible pathway exists. Sweeney and 
Kaplan (1973) discussed the formation of pyrite result- 
ing from the reaction of mackinawite with elemental S 
in the presence of O,. As a result of the reaction, 
greigite is formed, which eventually yields framboidal 
pyrite. Berner (1969) pointed out that natural pyrite- 
forming systems are characterized by the presence of 
dissolved sulfide as well as FeS and elemental S. Thus, 
Rickard (1971; 1975) and Roberts et al. (1969) de- 
scribed a possible pathway for pyrite formation which 
involved sulfidation of the FeS in the presence of dis- 
solved sulfides, considered to be in a polysulfide form. 
Rickard (1971) further noted that the metastable FeS, 
form, marcasite, could be formed in addition to pyrite 
in acid environments while pyrite formation was fav- 
ored in the neutral to alkaline conditions found in 
most sedimentary environments. 

Howarth (1979) stated that formation of Fe mono- 
sulfides is kinetically favored over pyrite formation 
and, once formed, these monosulfides are gradually 
converted to pyrite. He reported a very rapid reduction 
of radiolabeled SO,?- with pyrite as the major end 
product. Based on solubility products of the monosul- 
fide mackinawite (Ksp = 2.75 x 108) and pyrite (Ksp 
= 2.4 x 108), he argued that formation of either was 
dependent upon the activity of dissolved sulfides. At 
low values of dissolved sulfides, monosulfides are un- 
dersaturated and do not form while pyrite is super- 
saturated and precipitates rapidly and directly. He 
suggested that pH dependence observed in pyrite 
formation may be related to pH effects on dissolved 
sulfide activity. 

Dispersed grains of Fe sulfides may form in geolog-
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ically small environments, even in sediments which are 

not completely anoxic (Rickard, 1971). The primary, 
metastable Fe sulfides are, however, quite sensitive to 

oxidation and thus will form and be preserved only in 
highly reduced, neutral to alkaline systems with mod- 

erate dissolved sulfide concentrations. More stable 
forms, notably pyrite, may persist under somewhat 
more variable conditions. In discussing the factors 
which limit formation of sedimentary pyrite, Berner 
(1964) included: (1) availability of organic matter 
metabolizable by SO,?-reducing bacteria, (2) diffusion 
of SO,2- into sediments, (3) total concentration and 
reactivity of Fe, and (4) production of elemental S. 
He concluded on the basis of observations from several 
locations that metabolizable organic matter is most 
often the factor limiting the formation of sedimentary 
pyrite. Thus, vegetative growth may drastically in- 
fluence the amounts of sulfides fixed in a sediment. 

Bloomfield and Coulter (1973) reviewed physical- 
environmental factors involved in sulfide formation 
such as physiography, climate, and vegetation. They 
concluded that sulfidic soils may form in coastal areas 
with saline or brackish water influence and most often 
on Pleistocene terraces. A notable exception is the area 
of high altitude swamps with adjacent sources of SO,?- 
described by Chenery (1954). Brinkman and Pons 
(1973) discussed the relationship of microrelief in 
broad, mostly flattened areas with sulfide formation. 
Deposition of sulfides may occur under a wide variety 
of climatic conditions, but the largest and most agri- 
culturally important areas are limited to humid or 
monsoonal zones of the tropics and humid temperate 
climates. 

Pyrite aggregates are not homogeneously distrib- 
uted throughout pyritic soils. Pons (1972) noted that 
pyrite may occur in primary or secondary forms. Pri- 
mary pyrite is formed during or after sedimentation 
from organic matter deposited with the mineral frac- 
tion of the sediment. Secondary pyrite is formed as a 
result of organic matter which is added after deposition 
by plant growth. Primary pyrite is evenly and finely 
dispersed throughout the reduced sediment while sec- 
ondary pyrite is concentrated in decayed remnants of 
roots or other vegetative matter. Brinkman and Pons 
(1973) stressed that in most warm temperate and trop- 
ical climates, only econdary pyrite occurs in propor- 
tions large enough to give rise to acidic conditions 
characteristic of acid sulfate soils. 

It should be noted that pyrite formed in sediments 
commonly occurs as spherical aggregates of pyrite 
microcrystallites, resulting in a striking surface known 
as framboidal texture. The genesis of these framboids 
was considered by several authors (Berner, 1962; Far- 
rand, 1970; Love and Amstutz, 1966; Rickard, 1970; 
Sweeney and Kaplan, 1973). Most recently, Sweeney 
and Kaplan (1973) demonstrated that framboids form 
when some O, is present during the sulfidation of FeS, 
causing griegite to be formed as an intermediate com- 
pound prior to the subsequent formation of pyrite. 

GENESIS 

Sulfur Compounds in Undrained 
Soils and Sediments 

Organic S is generally the most abundant form of 
S$ in nonsulfidic sediments, but it is quantitatively in- 

significant in pyrite sediments and acid sulfate soils 
(Berner, 1963; Kaplan et al., 1963; van Breemen and 
Harmsen, 1975). Elemental S may be produced in sig- 
nificant quantities under special conditions by chem- 
ical and microbial oxidation of H,S (Ljuggren, 1960; 
Silverman and Ehrlich, 1964). It may frequently be 
found in seabottom sediments, but is generally less 
than 2% of the total S present (Berner, 1963; Kaplan 
et al., 1963). Bloomfield (1972a) demonstrated that 
oxidation of Fe sulfides may produce elemental S also, 
but it is maintained at low concentration by microbial 
and chemical activity. Of the forms of Fe sulfides 
previously mentioned (see section on formation chem- 
istry), Mohr et al. (1972) concluded that the most im- 
portant Fe sulfides in marine environments, and thus 
in undrained acid sulfate soils, are mackinawite, 
griegite, and pyrite. Amorphous FeS may also be im- 
portant, but is rapidly transformed to one of these 
more stable crystalline forms. In reduced acid sulfate 
soils, hydrotroilite (FeSnH,O) and melnikovite (FeS, 
nH,O) have been reported (van Beers, 1962). Un- 
drained sulfidic soils may contain as much as 5% 
pyrite-S (van Breemen, 1973), but amounts between 1 
and 4% are most common (Bloomfield, 1972b). Other 
FeS compounds generally comprise less than 0.01% 
and rarely exceed 0.6% of the soil. Wilklander et al. 
(1950) demonstrated that FeS compounds may cause 
acidification in some gytta soils in Sweden and Finland. 
This was attributed to a low total S$ content which in- 
hibited pyrite formation. 

Oxidation of Sulfides 

Oxidation of FeS proceeds rapidly in the presence 
of O,, yielding elemental S and ferric oxide. Bloomfield 
(1972b) noted that if microbial conditions were favora- 
ble, elemental S was rapidly oxidized to SO,?-. Many 
sulfate minerals are associated with oxidizing sulfidic 
materials, but most are very soluble and form only in 
absence of leaching (Palache et al., 1951). The oxida- 
tion of pyrite is purely chemical. Using pyrite stability 
diagrams, van Breemen (1973) concluded that O, and 
Fe** are the only two oxidants active in pyrite oxida- 
tion under natural conditions. Some investigators 
(Hart, 1962; van Breemen, 1973) indicated the initial 
products of pyrite oxidation are elemental S and Fe?+ 
while others (Bloomfield, 1972b; Garrels and Thomp- 
son, 1960; Silverman, 1967) reported that SO,?- is re- 
leased essentially instantaneously during pyrite oxida- 
tion by Fe*+. Elemental S is released at higher pH 
values for this oxidation pathway. 

Van Breemen (1973) maintained that chemical 
oxidation of pyrite proceeds in the following sequence: 
FeS, + 1/2 O, + 2H*—> Fe?+ + 2S° + H,O (a) 
Ie Sb IAL Oly ap IRF = 10 ge 2 VEL (O) (b) 
FeS, + 2Fe3?+ > 3Fe?+ + 28° Cc 
ASS ce WAGE Se Sal (0) => IAIN a> SO) E= se IIEt® (Gb) 
Reaction (a) describes the purely chemical oxidation of 
pyrite by O,. Although this is a relatively rapid reac- 
tion, Singer and Stumm (1970) and Temple and Del- 
champs (1953) demonstrated that it is a slow process 
due to the sluggishness of pyrite oxidation in a sterile, 
moist, aerated medium where Fe*+ was absent. At low 
pH, when conditions are favorable for Fe?+ to remain 
in solution, reaction (b) takes place very slowly. Above 
pH 3.0 to 3.5, Fe** is precipitated as Fe(OH), leaving 
insignificant amounts of Fe in solution to react with
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pyrites. Therefore, very little of the Fe released by 
pyrite oxidation would occur as free Fe**. Singer and 
Stumm (1970) observed that only 5% of the ferrous 
Fe content of an acidic solution originally containing 
9 x 10+ M Fe? was oxidized in 150 days. Thus, some 
means of oxidation of Fe? at low pH is required for 
rapid oxidation of pyrite. This is achieved by micro- 
bial activity. Many investigators (Lorentz, 1962) re- 
ported enhancement of pyrite oxidation by the pres- 
ence of certain microorganisms. Thiobacillus ferro- 
oxidans was identified in acid mine waters (Leathen 
and Madison, 1949) and later found to be capable of 
oxidizing Fe?* under very acid conditions. Silverman 
and Ehrlich (1964) reviewed the interactions of micro- 
organisms and minerals, indicating that Thiobacillus 
species were responsible for most large-scale biological 
oxidation of elemental S to form SO,2-. Van Breemen 

(1973) noted that, although generally obligate aerobic 
autotrophs, Triobacillus species were surprisingly wide- 
spread and concluded that under favorable conditions 
in natural environments, microbial activity is generally 
not a limiting factor in pyrite oxidation. Bloomfield 
(1972b) pointed out that optimum pyrite oxidation re- 
quired moist soils and that microbial activity slowed 
drastically in air dry soils. In addition, Silverman (1967) 
observed that Cl- also had an inhibitory effect on bac- 
terial oxidation of pyrite. In the presence of Fe**, both 
pyrite and elemental S are rapidly oxidized according 
to reactions (c) and (d). The combined process of these 
reactions, 

FeS, + 14Fe?* + 8H,O> 15Fe** + 2S0,2- + 16H", 
takes place rapidly at room temperature (Garrels and 
Thompson, 1960; Singer and Stumm, 1970). 

Physical Factors Affecting Pyrite Oxidation 

Several investigators have recognized a positive 
effect of decreased particle size on pyrite oxidation rate 
(Hart, 1962; Quispel et al., 1952; Temple and Del- 
champs, 1953). This was attributed to lattice defects 
(van Breemen and Harmsen, 1975) and to increased 

surface area which increased reactivity (Stumm and 
Morgan, 1970). Harmsen et al. (1954) described soils 
containing significant amounts of pyrite that had not 
acidified after drainage. They postulated that several 
different polysulfide fractions contributed to the stabil- 
ity of the pyrite, but gave no chemical or mineralogical 
evidence as support. Van Breemen (1973) suggested 
that preservation was due to the large particle size 
(between 10 and 100 ,»m in diameter), combined with 
relatively high pH. At higher pH, a protective coating 
of Fe,O, may form, thus slowing the oxidation rate. 

Hodges* observed such coatings on pyrite framboids 
taken from a Florida soil. Harmsen et al. (1954) and 
Quispel et al. (1952) reported that high levels of dis- 
solved P strongly depressed the decomposition of 
pyrite at pH values above 4 due to precipitation of 
Fe+ as FePO,. An additional factor influencing pyrite 
oxidation is the O, diffusion rate. Van Breemen (1973) 
calculated that only 10% of the O, required for op- 
timum pyrite oxidation is capable of diffusing into a 
reduced soil from the atmosphere. 

48. C. Hodges, 1977. Acid sulfate phenomena in a selected 
Florida Alfisol. M. S. Thesis. University of Florida, Gainesville. 

Acidification, Buffering, and Formation 
of Solid Sulfate Minerals 

Oxidation of S compounds and especially pyrite 
has been studied extensively in relation to acid sulfate 
soil formation (Bloomfield, 1972a; Bloomfield, 1972b; 
Harmsen et al., 1954; Hart, 1962; Quispal et al., 1952; 
van Breemen, 1973). Samples oxidized under moist 
laboratory conditions usually resulted in lower pH 
values than soils oxidized in the field. Chenery (1954) 
and van Breemen (1973) reported reaction values as 
low as pH 1.2 and 1.8 to 2.5 for laboratory dried 
samples. Typical field values for oxidized horizons 
range between pH 3.0 and 4.0 (Calvert and Ford, 1973; 
Chenery, 1954; Clark et al., 1961; Coultas and Calhoun, 
1976; Fleming and Alexander, 1961; van Breemen, 
1973; van Breemen and Harmsen, 1975), although 
James (1966) observed a low reaction of pH 1.5 in 
poorly buffered sands of mining spoils. According to 
van Breemen (1973), this typical range indicated that 
the pH was buffered and the pH of an oxidized acid 
sulfate soil was dependent upon the buffering charac- 
teristics of the soil. Buffering may result from inter- 
action of acid with alkalinity in soil solutions, ex- 
changeable bases, and soil minerals, including clay 
minerals. 

In non-alkaline soils, interstitial waters would be 
capable of neutralizing acidity produced by pyrite 
oxidation only over very long periods and under in- 
tense leaching conditions. This was attributed to the 
low levels of alkalinity dissolved in such soils (van 
Breemen, 1973). Exchangeable bases may be replaced 
by H+ as the pH decreases, resulting in the formation 
of non-exchangeable acidity. Sombapatnit? compared 
the CEC at pH 7.0 with CEC at pH 3.5 to 4.0 of sev- 
eral acid sulfate soils and concluded that 10 to 30 meq 
of acidity were adsorbed by the exchange complex. At 
low pH, H+ may react with lattice OH groups releasing 
Al*+; thus, there is not a definite boundary between 
exchange reactions and mineral transformations. 

Silica minerals provide no buffering and kaolinite 
provides buffering only at very low pH (van Breemen, 
1973). Micas and feldspars may remove acidity from 
the soil by reaction of lattice OH groups. The most 
important minerals in buffering acidity are carbonates 
such as calcite and aragonite. These minerals are dis- 
solved by strong acids to produce divalent metal 
cations, CO, and H,O. As long as carbonate materials 
remain in the immediate environment, the reaction of 
the soil remains close to pH 7.0. As more acid is pro- 
duced, Ca?* and SO,?- may either remain in solution or 
precipitate as gypsum [CaSO,-2H,O], depending on the 
moisture content of the soil. 

As carbonates or other bases are removed from the 
system, minerals containing basic metal hydroxides or 
sulfates may form. ‘The most common minerals of the 
latter group are members of the jarosite group. Accord- 
ing to Palache et al. (1951) this group is composed of 
three end members, jarosite [KFe,(SO,).(OH),|, natro- 
jarosite [NaFe,(SO,).(OH),], and the rare hydronium 
jarosite [(H,O)Fe,(SO,),(OH),|]. Brophy and Sheridan 
(1965) and van Breemen (1973) demonstrated a strong 
preference for K+ over Nat and H,O* in the jarosite 
group. Natrojarosite was formed only after near com- 
plete depletion of available K in laboratory experi- 
ments (van Breemen, 1973). Hydronium jarosite is rare 
and should theoretically occur only at very low K con-
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centrations and reaction values less than pH 2.0, al- 

though Brophy and Sheridan (1965) presented evi- 
dence that it may form as a metastable product upon 
rapid oxidation. Jarosite is pale yellow, insoluble in 
water and commonly found along old root channels, 
on ped faces, and on drainage spoils (Bloomfield and 
Coulter, 1973). It is stable only under strong oxidizing 
and acid conditions. Under reducing conditions, 

jarosite dissolves, yielding K+, Fe?*, and SO,?-. Bloom- 

field and Coulter (1973) stated that above pH 3.0, 
jarosite hydrolyzed to give Fe,O;, SO,?, and K*. In 
soils jarosite may occur above pH 4.0, perhaps as a 
result of very acid microenvironments in the immedi- 
ate vicinity. 

Warshaw (1956) suggested that jarosite is directly 
precipitated as oxidation and leaching take place in 
sulfidic sediments. Furbish (1963) has reported direct 
psuedomorphic alterations from pyrite to jarosite. Van 
Breemen and Harmsen (1975) however, observed that 
oxidizing pyritic soils often develop a reddish-brown 
surface coating prior to formation of the typical yellow 
efflorescences of jarosite. They suggested that ferric 
hydroxide may form as an intermediate step in jarosite 
formation. In addition to jarosite, van Breemen (1973) 
postulated that a basic, perhaps amorphous, aluminum 
sulfate with the formula Al(OH)SO, was present in 
acid sulfate soils of Sarawak. Ivarson et al. (1978) re- 
ported that amorphous basic sulfates formed under 
laboratory conditions in the absence of K+, NH,*, or 
Na*. Bloomfield and Coulter (1973) reviewed occur- 
rences of other Al sulfate minerals in soils and con- 
cluded that definitions of these compounds are at 
present only speculative. 

After all carbonates have been removed from the 
system and formation of reaction products proceeds, 
metal-aluminum-silicate clays begin to react with the 
acid produced by pyrite oxidation and cause further 
buffering of the soil pH. These clays react with the 
acid, releasing metal ions, monomeric silica, and often 
an aluminosilicate residue such as kaolinite. Van 
Breemen (1973) discussed the equilibrium system 
montmorillonite-amorphous silica-H,O using a thermo- 
dynamic approach. ‘This system resulted in a very 
strong buffering capacity between pH 3.0 and 4.0. If 
amorphous silica did not precipitate, buffering capacity 
was drastically reduced. Using similar data for other 
systems, it was concluded that buffering intensity was 

very high for calcite; moderately high for Mg- 
chlorite, montmorillonite-amorphous silica, kaolinite- 
amorphous silica; and very low for Mg-montmoril- 
lonite and kaolinite in the absence of amorphous silica. 
Calcite and Mg-chlorite buffer the soil at high pH, 
whereas the remaining systems result in buffering only 
at low pH. These buffering reactions may cause 
changes in the clay mineral fraction of acid sulfate 
soils. Lynn and Whittig (1966) stated that chlorite was 
transformed to montmorillonite in an acid sulfate soil 
drained 60 years ago. Allbrook (1972) described a 
change from montmorillonite to interstratified mont- 
morillonite-vermiculite and quartz mineralogy for acid 
sulfate soils in Sarawak. Kaolinite has often been re- 
ported as the dominant clay mineral in oxidized trop- 
ical acid sulfate soils (Allbrook, 1972; Andriesse et al., 
1972; van Beers, 1962; van Breemen, 1973). Buurman 
et al. (1973) noted formation of kaolinite at the ex- 
pense of 2:1 clay minerals in a fossil acid sulfate soil of 

Germany. Ivarson et al. (1978) showed stoichiometric 
removal of K* or NH,* from glauconite, illite, or 
microcline upon formation of basic Fe,(SO,), in labora- 
tory experiments. They concluded that the cation re- 
quired for jarosite formation could be furnished by 
alteration of these minerals. 

Profile Development 

If soils containing pyrite remain reduced, little 
change takes place other than transformation of other 
sulfides to pyrite, recrystallization of pyrite, and some 
loss of water (Brinkman and Pons, 1973). In undrained 
sediments, pyrite content has been observed to increase 
with depth in the upper 100 to 150 cm (Allbrook, 
1972; Andriesse et al., 1972; van Breemen et al., 1972). 

Upon drainage, these soils enter into a geologically 
transient state with acid production, neutralization or 
leaching, and profile development occurs within a 
period of a few years to a hundred or so years. Vlek 
(1971) and van Breemen and Harmsen (1975) dis- 
cussed profile development in soils of varying age and 
parent material in Thailand. In the youngest soils, 
shallow drainage resulted in acidification of the sur- 
face, but formation of jarosite had not begun. In young 
soils (prior to intense acidification) amorphous Fe 
(OH), occurred. Ponnamperuma et al. (1967) found 
this to be the dominant Fe form in hydromorphic soils. 
As oxidation increased, a jarositic horizon formed 
above the reduced pyritic horizon. The horizons were 
observed to move progressively downward with time. 
Vlek (1971) noted an abrupt boundary between the 
jarosite horizon and the pyritic horizon and concluded 
that oxidation was confined to a narrow layer. Where 
jarosite and pyrite occurred together, jarosite appeared 
in pyrite-free vertical zones along root channels and 
cracks which penetrated into the reduced soil. The 
author further postulated that the amount of jarosite 
present depended in part upon the number of such 
sites available for precipitation. Hydrolysis of jarosite 
in the upper horizons resulted in accumulations of 
Fe,O,. Van der Kevie (1972) recognized acid sulfate 
soils in Sarawak, which did not contain jarosite, al- 
though they were very acid and high in S. Some 
gypsum may occur in lower horizons, but most of the 
SO,? produced by pyrite oxidation is removed by 
leaching or diffusion (Mohr et al., 1972; van Breemen, 
1973, van Breemen and earinsene 1975). In addition, 
poorly crystalline goethite, lepidocrocite, or hematite 
may be present (van der Kevie, 1972). 

Relatively high pH values have been observed in 
surfaces of older acid sulfate soils (Mohr et al., 1972; 
van Breemen, 1973; Vlek, 1971). Van Breemen (1973) 
suggested that these resulted from (1) disappearance 
of jarosite, (2) slow “back titration” of acidity by 
weathering of soil minerals still present, and (3) effects 
of fresh sediment and/or dissolved alkalinity in the 
ground water. 

CLASSIFICATION OF ACID SULFATE SOILS 

Soil Taxonomy (Soil Survey Staff, 1975) distin- 
guishes between acid sulfate soils that have been oxi- 
dized and acidified and those that remain in a reduced 
state. The first must contain a sulfuric horizon (pH 
<3.5 and jarosite mottles) while the latter is made up 
of soils containing sulfidic materials (0.75% or more
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total S in sulfidic form and less than three times as 
much carbonate as S). Mineral soils with a sulfuric 
horizon within 50 cm of the surface would be classified 
as Sulfaquepts. Those soils with a sulfuric horizon 
between 50 cm and 150 cm are recognized as sulfic sub- 
groups of Haplaquepts or Tropaquepts. Organic soils 
containing sulfidic materials within 1 m of the surface 
are classified as Sulfihemists. Organic soils with sulfuric 
horizons within 50 cm of the surface are classified as 
Sulfohemists. 

Presently, reduced acid sulfate mineral soils are 
designated as Sulfaquents if they have sulfidic materials 
within a depth of 50 cm below the mineral soil surface. 
Sulfic subgroups have been recognized and defined for 
Fluvaquents and Haplaquents. 

Problems with the current classification scheme 
have been noted by several authors. Van der Kevie 
(1972) suggested that the definition of a sulfuric 
horizon be changed so that those soils with extreme 
acidity and no jarosite mottles could be recognized. 
Such soils have been observed by van der Kevie (1972) 
in Sarawak and by Hodges‘ in Florida. Coultas and 
Calhoun (1976) found high levels of soluble salts in 
marsh soils of Florida and concluded that a refinement 
of taxonomy is needed to emphasize this property. 
Coover et al. (1975) as well as van der Kevie (1972) 
also indicated a need for such a refinement and sug- 
gested the inclusion of Halic subgroups in the current 
taxonomy. Coover et al. (1975) regarded the current 
definition of sulfidic materials, especially for organic 
soils, as inadequate due to the failure of these soils to 
acidify upon drainage in some coastal marshes of the 
southeastern United States. Hodges* noted that levels 
of total S much lower than the defined level of 0.75% 
may result in extreme acidification of sandy soils. 
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Application of Ground Penetrating Radar to Soil Survey’ 
R. W. Jonson, R. GLAccuM, AND R. WojTASINSKI? 

ABSTRACT 

Soil surveys are made by soil scientists walking over 
the land and examining the soil with various kinds of 
manual and mechanical probes and augers. The num- 
ber of observations made with these tools to classify 
the soil and to determine soil boundaries is limited by 
available time and money. Quality and quantity of 
soil surveys could be improved if faster and less lab- 
-orious methods were used. 

The main purpose of this study was to demonstrate 
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the feasibility of using ground penetrating radar (GPR) 
in making soil surveys. Other objectives were to de- 
termine if improvements in the GPR system were 
needed for this purpose, and to determine the best pro- 
cedures for using GPR in soil survey. 

The GPR was tested at two locations in central 
Florida. Both had order 2 soil surveys and had several 
contrasting soils. Approximately 8 km of transects 
were run with the GPR. Ground truth was made by 
borings at intervals of 30 m along the lines of transect. 
Data from both sources were compared with the soil 
maps. The GPR data were generally of excellent 
quality, accurately measuring the depth to and thick- 
ness of several kinds of soil horizons. We conclude that 
GPR is an effective supplemental tool for surveying 
certain kinds of soil.



PROCEEDINGS, VOLUME 39, 1980 69 

Additional Index Words: Geophysical methods, 

Ground proving radar, Soil remote sensing, Soil tax- 

onomy. 

  

A variety of manual and mechanical augers and 
probes are usually the basic tools used in examining 
soils for making soil surveys and investigating hydro- 
logic and geotechnical characteristics close to the 
ground surface. The number of observations is limited 
by time and money, but they are spaced to best define 
the area being surveyed and are based on the soil sci- 
entist’s understanding of soil formation, vegetation, 
natural drainage, topography, and other features in 
the landscape. This work is highly labor-intensive and 
relatively slow; additionally, the quality of the results 

is a function of the variability of the area being map- 
ped. To improve the definition of a complex area, a 
greater number of observations is required per unit 
area. In these circumstances time limitations and costs 
may become unreasonable or prohibitive. Remote 
sensing techniques, primarily various types of airborne 
imagery, have proved to be a valuable tool for deter- 
mining soil boundaries. However, imagery detects 
properties of the soil surface and various kinds of 
vegetation. While these are helpful, most properties 
beneath the surface are of primary significance to the 
classification, mapping, and interpretation of soils. 

To circumyent the limitations of tools and imagery 
presently used in soil survey, other options such as the 
various geophysical (surface remote sensing) methods 
were investigated as part of a cooperative project be- 
tween the Soil Conservation Service (SCS) and the 
National Aeronautics and Space Administration 
(NASA) at the Kennedy Space Center. Mechanical 
systems investigated included sonar, geophysical sound- 
ing devices, and gravity techniques (Dobrin, 1960). 
Some of the new methods allow subsurface information 
to be gathered very rapidly and economically as well as 
providing continuous line coverage of an area. Re- 
sistivity techniques and Ground Penetrating Radar 
(GPR) were two of the electrical systems investigated 
(Keller and Frischknecht, 1966). GPR appeared to have 
the greatest possibility for use in the soil survey 
(Morely, 1974). This new geophysical method permits, 

by way of surface sensor, continuous real-time observa- 

tion and record of some soil properties below the 
ground surface. 

As a result of NASA’s initial investigation, GPR 
was further tested for use in soil survey in Florida 
through a combined project of NASA, SCS, and 
Technos, Inc. of Miami, Florida (Benson and Glaccum, 

1979a). 

MATERIALS AND METHODS 

The system used in this work was the Geophysical 
Survey Systems Inc. (GSSI) impulse radar, the only 
system commercially available at the time of the study 
(Benson, 1978).* The GSSI unit is an impulse radar 
system which radiates repetitive electromagnetic pulses 
at optional frequencies of 80 to 1000 MHz into the 

8Trade names are used to provide specific information. Their 
mention does not constitute endorsement by the Federal Govern- 
ment. 

earth from an antenna coupled to the ground surface 
(Fig. 1). The transmitted radar signals are reflected 
from various interfaces (or discontinuities) within the 
ground and picked up by the radar receiver. These re- 
flectors may be different soil horizons, soil/rock inter- 
faces, man-made objects, or other materials with con- 
trasting dielectric properties. Fortunately, these dielec- 
tric contrasts are usually related to many common 
physical and chemical properties in the soil associated 
with bedding, cementation (blow count), voids, frac- 
tures, faults, intrusions, and manmade metallic and 
non-metallic structures (Benson and Glaccum, 1979b). 
Organic matter, salt content, clay mineralogy, particle 
size, and moisture content are some soil properties 
affecting dielectric properties. 

For presentation of data, GPR signals are processed 
and displayed by a graphic recorder. As the antenna is 
moved along the surface, the recorder produces a 
picture-like graphic record along a traverse. ‘This pro- 
ceduces a continuous profile very similar to a cross 
section found at a roadcut. The antenna can be towed 
at speeds up to 8 km/hr for rapid exploratory work. 
Detailed studies can be performed by hand towing the 
antenna at very slow speed (1/2 km/hr) or by placing 
the antenna in a static mode at specific locations. 

The choice of antennas is an important considera- 
tion. Generally, the low frequency components propa- 
gate to the greatest depths. However, the higher fre- 
quency components produce better resolution and thus 
discriminate between closely spaced interfaces and ob- 
jects. Hence, the system’s ability to use antennas with 
a wide range of frequencies is important to meet vari- 
ous soil conditions with different attenuation coef- 
ficients or specific resolution requirements. 

The GPR signals commonly penetrate to depths of 
3 to 10 m, but penetrations as deep as 20 m have been 
achieved under ideal conditions at some sites. ‘The 
depth of the penetration is related to the kind of soil 
and its water content. For example, the depth of pene- 
tration is reduced if the soil is saturated with water, or 
has an appreciable amount of silt or clay, and soils with 
high montmorillonitic clays are highly attenuative of 
the radar pulse and penetration may not exceed 1 m 
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Fig. 1.—Simplified block diagram of the GSSI-GPR system,
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(Benson, 1978). Similarly, radar is ineffective in soils 
high in salts. However, water saturated soils which 

have low conductivity may respond well to GPR. 
Ground penetrating radar signal structure and the 

-resulting profile (Fig. 2) consist of three basic com- 
-ponents. At the top of Fig. 2-a is the transmitted pulse, 
-or, more precisely, feed-through of the transmitted 

.pulse into the receiver section that serves as a time 
reference. A strong surface reflection immediately fol- 
lows the transmitted pluse; then, at the time equal to 
the pulse travel time from the surface to an interface 
and back to the antenna, the interface reflection ap- 

“pears. 
- The continuous stream of received pulses is fed into 
the graphic recorder and a profile (Fig. 2-b) is devel- 
oped as the antenna is towed along the ground. The 
graphic recorder produces an image by printing strong 
signals (amplitudes beyond print threshold) as black 
and weak signals with less intensity. Intermediate sig- 
nals, such as the noise on the profile between the sur- 
face and interface reflections, are in the gray range. 
The profile is developed as the chart paper moves 
under the graphic recorder stylus and sequential pulses 
are printed to form a continuous record. 

The main feature of the data is the display of dark 
bands that extend throughout the profile at varying 
detphs. These dark bands are displayed in groups of 
three closely related bands. Each of these three banded 
lines is the reflection from a single interface between 
two materials. The triple band is a characteristic of 
the. radar system and is caused by oscillations in the 
-reflection of the pulse. 

The vertical scale is initially time-scaled with the 
travel time of the pulse. This travel time may be con- 
verted into a depth scale, if the velocity of propagation 
in the particular material being surveyed is known. 
Depth is calculated by the following relationship: 

eeeen Cl Vt 

BS re 
—<—0—> + 

  

RECORDER PRINT 

ie THRESHOLDS 

! 
—<—— TRANSMITTED PULSE —___» HIRATA RR HRA 

; : 

HORIZONTAL 
TRAVEL para a, 

    

\aaen SURFACE ——>= { 

INTERFACE 
SIGNAL 

  

    
a) SKETCH OF A SINGLE 

PULSE AND REFLECTIONS 
' AS SEEN BY THE RECEIVER 

b) EXAMPLE OF PROFILE INFORMATION 
AS DISPLAYED BY THE GRAPHIC 
RECORDER 

Fig. 2.—Example of GPR single pulse and resulting graphic 
presentation. 

D = depth in meters 
c = velocity of light = 3 x 108 m/sec 
t = pulse travel time in nanoseconds 

e, = relative dielectric constant of material 
Vn = velocity of propagation in material = c 

  

We 

Conductivity of the earth materials being probed 
and the VHF frequency range dielectric constant de- 
termine the electromagnetic propagation velocity 
(depth calibration) and propagation loss (penetration 
depths) of the GPR system. 

To calibrate the GPR data, either the dielectric 
constant or the depth to a particular interface must be 
known. The conductivities and dielectric constants of 
various materials are presented in ‘Table 1. 

‘Table 2 lists various materials and their impulse 
rate in nanoseconds per meter two-way travel time. 
This shows the approximate time that is required for 
a radar impulse to penetrate the material and be re- 
flected back to the antenna. 

The horizontal scale is dependent upon the speed 

TABLE 1.—CONDUCTIVITIES AND DIELECTRIC CONSTANTS OF SELECTED 

  

  

MATERIALS. 

Approximate , 

electrical Approximate 
conductivity dielectric 

Material o (mho/m) constant, e,. 

Air 0 1 

Fresh Water 10-4 to 3 x 10-2 81 

Sea Water 4to5 81 to 88 
Fresh Water Ice 10-4 to 10-2 4 
Sea Water Ice 10-2 to 10-1 4to8 
Ice (Glacial) 10-6 to 10-4 3.2 
Permafrost 10-5 to 10-2 4to5 
Snow Firn 10-6 to 10-5 1.4 
Granite 10-9 to 10-3 8 
Sand, Dry 10-7 to 10-3 4 to 6 
Sand, Saturated 

(Fresh Water) 10-4 to 10-2 30 
Silt, Saturated 

(Fresh Water) 10-3 to 10-2 10 
Clay, Saturated 

(Fresh Water) 10-1 to 1 8 to 12 
Average “soil” 10-4 to 10-2 16 

  

TABLE 2.—APPROXIMATE IMPULSE RATES FOR VARIOUS EARTH MA- 
TERIALS (TWO-WAY TRAVEL TIME), 

  

  

Impulse Rate 
Material (ns/ ft) (ns/m) 

Air 2 0.61 
Fresh Water 18 5.5 
Sea Water 18 to 19 5.5-5.8 
Fresh Water Ice 1.2 
Sea Water Ice 4 to 5.7 1.2-1.7 
Ice (Glacial) 3.6 1.1 
Permafrost 4 to 4.5 1.2-1.4 
Snow Firn 2.4 0.7 
Granite 5.7 1.7 
Sand, Dry 4 to 4.9 1.2-1.5 
Sand, Saturated 10.9 3.3 

(Fresh Water) 
Silt, Saturated 6.4 2.0 

(Fresh Water) 
Clay, Saturated 5.7 to 7 1.7-2.1 

(Fresh Water) 
Average “‘soil” 7 to9 2.1-2.7 
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of the antenna as it crosses the ground and the paper- 
feed rate of the graphic recorder. At a sample rate ot 
approximately 25 samples/sec, this results in a hori- 

zontal spatial scale of: 
90 samples/m @ 1 km/hr 
45 samples/m @ 2 km/hr 
22.5 samples/m @ 4 kg/hr 

The Soil Conservation Service selected one site for 
study in Polk County and one in Hardee County, 
Florida. Each site had an order 2 soil survey and con- 
tained a variety of soils. Table 3 shows the classifica- 
tion of the soils. Approximately 3.7 km of transects 
were laid out for study in Polk County and 9.2 km in 
Hardee County. Stakes, consecutively numbered, were 
placed at approximately 30 m intervals along the line 
of the proposed transect. Each station was marked and 
keyed on the graphic recorder as the antenna passed 
the station. Ground truth was provided by making 
auger observations at each station along the radar 
traverse which passed approximately 1.5 m to the side 
of the station markers. 

Both sites were traversed with low frequency (300 
MHz) and high frequency (900 MHz) antennas. In 
addition to the graphic presentation, data were re- 
corded on magnetic tape at 95.25 mm per second re- 
cording speed. ‘The antenna was towed by a four-wheel 
drive vehicle at a speed of 4.0 to 5.6 km/hr. A sample 
rate of 25.6 samples per second was used, resulting in a 
minimum spatial sampling of approximately 20 sam- 
ples per linear meter or about 6 samples per linear foot. 

RESULTS AND DISCUSSION 

A review of the soil maps, topographic sheets, soil 
boring logs, and the GPR records verified obvious soil 
boundaries. 

Detailed interpretation of data was accomplished 
by reviewing soil boring and GPR records over a lim- 
ited number of stations. Relationships were first estab- 
lished between obvious subsurface horizons with lateral 
continuity and GPR data so that more subtle differ- 

TABLE 3.—TAXONOMIC CLASSIFICATION OF SOILS INVESTIGATED. 

  

Soil Series Classification (Subgroup) 

  

Adamsville Aquic Quartzipsamments 

Basinger Spodic Psammaquents 
Candler Typic Quartzipsamments 

Cassia Typic Haplohumods 

Delray Grossarenic Argiaquolls 
EauGallie Alfic Haplaquods 
Electra Arenic Ultic Haplohumods 

Felda Arenic Ochraqualfs 
Hontoon Typic Medisaprists 
Jonathan Typic Haplohumods 
Lawnwood Aeric Haplaquods 
Lochloosa Aquic Arenic Paleudults 
Myakka Aeric Haplaquods 
Oldsmar Alfic Arenic Haplaquods 
Ona Typic Haplaquods 
Pineda Arenic Glossaqualfs 
Pomello Arenic Haplahumods 
Pomona Ultic Haplaquods 
Samsula Terric Medisaprists 
Smyrna Aeric Haplaquods 
Sparr Grossarenic Paleudults 
‘Tavares Typic Quartzipsamments 
‘Tomoka Terric Medisaprists 
Wauchula Ultic Haplaquods 

  

ences between soil horizons could be more easily evalu- 
ated. 

The soil surface was taken as the first crossover in 
the primary return. Subsequent horizons were also 
“picked” at the first crossover to provide an obvious 
point in the response. The horizon picked at first cross- 
over was merely one of providing convenience and re- 
peatability in the interpretation procedure, but re- 
sulted in a depth somewhat greater than the actual 
depth. However, this error was quite small, and the 
repeatability in picking horizons was improved sub- 
stantially. 

Generally, the GPR precisely identified key diag- 
nostic soil horizons. The GPR record substantiated 
many delineations on the soil map, whereas in some 
places it showed where more precise boundaries could 
be placed. Map unit composition could be readily 
calculated from these data; however, GPR did not 
record all the subtle changes noted in the soil boring 
logs, such as a slight increase or decrease in texture 
(sandy loam to sandy clay loam). Most typically, 
changes from albic horizons to spodic and argillic 
horizons were detected. ‘This study did not attempt to 
establish the capability of GPR to determine ‘“‘micro 
aspects’”’ of soil horizons such as details very near the 
surface; however, this might be accomplished by proper 
“windowing” of the incoming radar signals and use of 
a high frequency antenna. 

In areas where the radar record showed an irregular 
subsurface horizon, correlation with auger borings did 
not always agree, most likely due to discrepancies be- 
tween the exact auger site and the radar track. Along 
more uniform horizons, correlation of radar and auger 
borings was as good as + 2.5 to 5.0 cm. 

Water tables are not usually detected by GPR be- 
cause in many soils the upper edge of the water table 
is a capillary fringe rather than a discrete interface. 
However, GPR appears to have detected the water 
table in a few coarse textured soils in Hardee County. 
Other studies in areas with coarse sandy and gravelly 
soils detected a water table as deep as 6 m (Benson and 
Glaccum, 1979a). 

The 300 MHz antenna provided excellent data in 
both areas, but the 900 MHz antenna was much less 
effective. At least the 300 MHz antenna is probably the 
best off the shelf antenna available for soil work. How- 
ever, properties of the upper 38 cm of soil are not de- 
tected by this antenna, because the first strong surface 
reflection masked any changes in that part of the soil. 
A better antenna may require a higher frequency to 
minimize this dead zone. In addition, a change of 
antenna frequency can be used to advantage in solving 
many specific site problems, and it is unlikely that a 
single antenna or frequency will effectively solve all 
problems. Since the GSSI system is modular, it accepts 
a wide range of antennas of various characteristics. 
Custom designed antennas can be made for special ap- 
plications at a relatively low cost. 

CONCLUSIONS 

Ground penetrating radar provides a means of ob- 
taining a large quantity of detailed soil data in a rela- 
tively short time. It can also confirm the lateral con- 
tinuity of the soil horizons. Certain soil horizons will 
provide characteristic target signatures. These signa- 
tures (Fig. 3) can often be readily followed throughout
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a profile. However, borings are needed to establish 
ground truth for these signatures. Once correlation 
and the interpreter’s skills have been developed at a 
given area, lateral extension of information can be 
made with a high degree of accuracy in most cases 
without additional borings or certainly with a min- 
imum of borings. 

Ground penetrating radar is capable of detecting 
abrupt changes in depth to or in kinds of horizons that 
may not be evident in the surface configuration of the 
ground. In addition, it provides information about 
minor changes in some soil properties as well as more 
subtle transitions from one kind of soil to another. 

Ground penetrating radar can be used as a recon- 
naissance tool to provide a graphic picture of changes 
in subsurface soil properties. Then, locations can be 
made for a limited number of borings for detailed 
quantitative assessments. This approach economically 
provides a maximum amount of data at a high level of 
confidence, and labor-intensive soil boring is not 
needed as the major exploration tool. 

Present GPR technology permits definitive observa- 
tions to be made in many kinds of soils. However, 
record quality varies depending on the many dielectric 
soil properties discussed above. It is obvious that addi- 
tional work remains to define the complex range of 
responses to site conditions as well as to specify the 
limitations under which GPR is applicable. Advances 
have been made in solving some of these problems 
utilizing computer enhanced processing and filtering 
techniques. 

This study has demonstrated that GPR equipment 
can be used to investigate soils to depths of at least 
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Fig. 3.—Radar profile record of an Argillic Horizon (Grossarenic Paleudult). 
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2m. These may include both dry and wet soils as well 
as soils under shallow fresh water. 

Certain kinds of soil or site conditions cause poor 
GPR performance. This may be due to high attenua- 
tion of the radar signal by the soil. A lack of contrast 
(reflection coefficient) between the various earth ma- 
terials or soil layers can also account for the absence of 
a radar response. However, at sites where penetration 
and definition are obtained, GPR is highly useful in 
site assessment or soil mapping. 
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Soil Characteristics and Their Relationship to 
Growth of Needlerush’ 

CHARLES L,, COULTAS AND ORION J. WEBER? 

ABSTRACT 

Needlerush (Juncus roemerianus Scheele) is the 
principal flowering plant in the tidal marshes of Flor- 
ida. Variability in needlerush production has been ob- 
served at different elevations within the marsh. This 
study was undertaken in order to investigate some soil 
and plant factors that may affect growth of needlerush. 

Standing crop of needlerush was found to be higher 
in low and middle marsh locations than in a high 
marsh site which was above the level of daily tidal 
inundation. Soils at lower elevations were higher in 
N, organic C, and extractable cations and were more 

reduced, warmer, and more moist than in the high 
marsh. Regression analysis indicated a positive effect of 
temperature and negative effect of pH on above ground 
standing crop. Conductivity was positively correlated 
with below ground biomass while surface soil tempera- 
ture was negatively correlated. 

The possibility of genetic differences between plants 
in high marsh and those in middle and low marsh was 
investigated. ‘There were gross morphological differ- 
ences between plants in high marsh and those in middle 
and low marsh. Plants in low and middle marsh were 
taller, thicker in diameter, and had fewer leaves per 

unit area than those in a high marsh position. ‘Trans- 
planting plants from high to low marsh and vice-versa 
did not affect original differences in height and diam- 
eter. High marsh plants transplanted to low marsh 
survived poorly, however, indicating their poor adapta- 
tion to this reduced environment. 

Additional Index Words: Tidal marshes, Biomass, 

Haplaquods, Haplaquents. 

There are approximately 303,750 ha (750,000 acres) 
of tidal marsh in Florida (U.S. Dept. Interior, 1954). 

Tidal marshes are productive ecosystems because of 
abundant nutrients supplied by tidal action (Schleske 
and Odum, 1961; Odum, 1971). Marsh plants in the 
northwest coast of Florida are predominantly needle- 
rush (Juncus roemerianus Scheele). Kruczynski et al. 
(1978) found that net aerial production of needlerush 
decreased landward from 949 g/m?/year in low marsh 
to 243 g/m?/yr in high marsh in the same north Florida 
marsh as the present study. Average live standing crop 
was 728, 548, and 255 g/m? in low marsh, middle 
marsh, and high marsh, respectively. In another study, 

Kruczynski et al. (1978) found that protein content of 
needlerush shoots ranged from 5.7 to 6.4% with no 
significant difference among marsh zones. Total P was 
0.04% in all zones. 

Application of 200 kg N/ha as ammonium nitrate 
to short and tall Spartina alterniflora Loisel and 
needlerush in a Georgia marsh resulted in increased 
biomass production with short S. alterniflora but not 
with the tall form or needlerush (Gallagher, 1975). 

1This research was supported by a research program (FLAX 
79006) from SEA/CR, USDA. 

2Professor and Laboratory Technician, Florida A & M Uni- 
versity, Tallahassee, FL 32307. 

No differences were noted in the N content of needle- 
rush foliage due to fertilization. Three levels of N and 
P were applied to an undisturbed mid-marsh zone of 
needlerush in north Florida (Luce, H. D., and C. L. 
Coultas. 1976. Effect on N and P fertilization on the 
growth, N content, and P content of a natural stand of 
Juncus roemerianus near St. Marks, Florida. Agronomy 
Abstracts, Am. Soc. Agron. Madison, Wis. p. 149-150). 
No increase in biomass resulted from any treatment, 
but higher concentration of N was found in foliage 
after N fertilization. 

Diverse soils have been found in the tidal marshes 
of Florida (Coultas, 1969, 1970; Coultas and Gross, 
1975; Coultas and Calhoun, 1976, and Coultas and 
Gross, 1978). These soils are saline, poorly drained, and 
tend to be higher in organic matter, clay, and extracta- 
ble bases than associated upland soils. 

The purpose of this research was to study the re- 
lationship of several soil characteristics to the growth 
of needlerush and to investigate the possibility of 
genetic variability. This information should provide 
more tools for improved management of this ecosys- 
tem. 

METHODS AND MATERIALS 

In October 1977, 12 square meter plots were laid 
out in low marsh, mid-marsh, and high marsh zones 
in a tidal marsh of needlerush near St. Marks Light- 
house in north Florida. The location of these plots 
was shown in Kruczynski et al. (1978). Low marsh 
plots were 0.7 to 1.0 m, mid-marsh plots were 1.0 to 
1.2 m, and high marsh plots were 1.2 to 1.6 m above 
mean low water. Plots were replicated once in each 
zone. Soils were classified as Haplaquods in high and 
middle marsh and Haplaquents in low marsh. At 
monthly intervals for 12 months the following plant 
measurements were made: total standing crop (live 
and dead), total root biomass, and total rhizome bio- 
mass in a core 25 x 25 cm by 8 cm. Plant samples were 
oven-dried at 80 C and weighed. Monthly soil measure- 
ments were made as follows: redox at 2, 8, and 15 cm 
with an Orion ionalyzer with Pt electrodes; soil tem- 
peratures at 2, 8, and 15 cm with mercury thermom- 
eters; conductivity of soil extract (Jackson, 1958); K 
in soil solution with an atomic absorption spectro- 
photometer; pH on the saturated paste with glass 
electrodes; and soil moisture gravimetrically. Previous 
to the experiment soils were characterized in each zone: 
pH (Jackson, 1958), total N (Bremner, 1965), organic 
G (Jackson, 1958), extractable cations and cation ex- 
change capacity (CEC) (Jackson, 1958, and particle 
size analysis (Day, 1965). ‘Total N was determined on 
the soil extract by the Kjeldahl procedure (Jackson, 
1958) with DeVarda’s alloy. Total P in the extract was 
determined by the ammonium molybdate method 
(Jackson, 1958) in a Beckman DU spectrophotometer 
at 900 mu. 

Net production was determined by the monthly 
change in biomass method (Smalley, 1959; ‘Teal, 1962). 
Data were analyzed by analysis of variance, regression
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analysis, and Duncan’s Multiple Range Test as ap- 
propriate. 

In July 1978 a transplanting study was begun. 
Cores of soil measuring 20 cm in diameter and 13 cm 
in thickness and containing established needlerush 
were employed. Eight cores from the high marsh were 
transplanted to the low marsh and 8 cores from the low 
marsh were moved to the high marsh. In addition, 8 

cores in both high and low marsh were replanted in the 
same elevational zone. Three measurements were made 
at monthly intervals for 1 year and after 21 months: 
number of leaves, diameter of leaf, and height of leaf. 

RESULTS AND DISCUSSION 

Table 1 establishes that the low marsh soils were 
highest in N, organic C, CEC, silt + clay, and ex- 

tractable bases. High marsh soils were lowest in these 
measurements. Mean monthly standing crop of shoots 
was highest in low marsh (515 g/m?), lowest in high 
marsh (343 g/m?), and intermediate in middle marsh 
(413 g/m?) as seen in Table 2. There were significant 
differences among months with the highest yield in 
July and the lowest in March. Monthly root and 
rhizome biomass weights are presented in ‘Vable 3. 
Average yields in low and middle marsh were 13.7 and 
14.6 mg/cm%, respectively, and 7.4 mg/cm* in high 
marsh. There was a significant effect of month on root 
yields with highest average yields occurring in October 
and lowest in March. 

Determination of production by the monthly 
change in biomass resulted in no significant difference 
among the marsh zones with either standing above 
ground crop or below ground biomass. Net monthly 
production of shoots was 156 g/m? for low marsh, 77 
g/m? for middle marsh, and 185 g/m? for high marsh. 
Net production of roots was 1.78 mg/cm* for low 
marsh, 2.21 mg/cm* for middle marsh, and 1.14 
mg/cm® for high marsh. This was not in agreement 
with the work of Kruczynski et al. (1978) nor with the 
standing crop data in this study. No apparent rela- 
tionship occurred between net production calculated 
in this manner and soil measurements. For these 
reasons we will assume that standing crop data is a 
fair estimation of production in the remainder of our 
discussion. 

There were significant differences among the marsh 
zones and months with most of the soil measurements 
observed (Fig. 1, 2). Mean annual redox potential at 
15 cm was lower in the low and middle marsh, —178 
and —128 mv, respectively, than in the high marsh 
where it was +357 mv. Conditions were most reduc- 
ing in August. Similar differences also occurred at the 
2 and 8 cm soil depths and differences among all three 
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‘TABLE 2.—ABOVE GROUND STANDING CROP OF NEEDLERUSH IN THREE 

MARSH ZONES, g/m2. 

  

  

Marsh Zone 

Month Low Middle High Mean 

Oct. 503 390 412 435 ab 
Noy. 455 361 299 371 b 
Dec. 531 323 289 381 b 
Jan. 476 348 259 361 b 
Feb. 543 367 326 412b 
Mar. 517 334 254 358 b 
April 569 391 289 417b 
May 467 485 300 418 b 
June 500 542 400 481 ab 
July 746 452 450 549 a 
August 439 525 388 451 ab 
Sept. 464 446 448 452 ab 
Mean pl baa 413 b 343 b 

F values: Marsh—61.98; Month—4.18 (both sig. at .05 level). 

  

*Means with like letters are not significantly different at .05 
level. 

zones were significant with the low marsh soils the 
most reduced. Mean annual temperatures at 2 cm 
were different in all three zones with the middle marsh 
being warmest (21.8 C) and the high marsh being cool- 
est (20.5 C). At 15 cm there was no difference between 
the low marsh and middle marsh, but the low marsh 
was warmer than the high marsh. February was the 
coolest month with a mean at 15 cm of 6.8 C, and July 
and August were the warmest with a temperature of 
Pears 

There was no difference in conductivity of soil ex- 
tract among the marshes. The lowest conductivity, 

TABLE 3.—BELOW GROUND ROOTS AND RHIZOMES OF NEEDLERUSH IN 
THREE MARSH ZONES, mg/cm3, 

  

  

  

Marsh Zone 

Month Low Middle High Mean 

Oct. 25.8 15.3 12.9 16.8 a* 
Nov. 18.6 20.9 7.6 15.7 ab 
Dec. 18.4 19.5 6.2 14.7 ab 
Jan. 10.4 17.4 8.5 12.1 ab 
Feb. 13.6 20.9 8.0 14.2 ab 
Mar. 78 10.2 5.9 8.0 b 
April 12.6 12.4 7.1 10.7 ab 
May 10.5 13.9 7.7 11.3 ab 
June 11.0 11.3 6.2 9.5 ab 
July 15.3 11.8 4.8 10.6 ab 

‘Aug. 11.4 14.0 4.6 10.0 ab 
Sept. 12.8 8.1 9.1 10.0 ab 
Mean 13.7 ab* 14.6a 7A4Ab 

F values: Marsh—8.95; Month—3.17 (both sig. at .05 level). 

  

*Means with like letters are not significantly different at .05 
level. 

TABLE 1.—SOME PHYSICAL AND CHEMICAL CHARACTERISTICS OF SURFACE SOILS IN THREE MARSH ZONES.} 

  

  

Field : 
Marsh moist Extractable cations Total Organic 

zone pH Sand Silt Clay CEC Ca Mg K Na N Cc Conductance 

eeeenn renee arene panne ee = ME |/ 00g Sse ee ee ee eee hos! cry 

Low 6.3 84 8 8 17.0 4.7 1.3 0.9 4.7 0.37 9.42 24.5 
Middle 6.2 88 6 6 8.3 2.7 1.6 0.8 1.8 0.16 5.02 27.3 
High 6.3 93 4 3 3.4 1.2 0.5 0.2 2.2 0.06 1.58 24.4 

{Data are the mean of 2 plots. 
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Fig. 1—Monthly variations in soil redox potential in three 
marsh zones at 15-cm depth. 
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Fig. 2.—Monthly variations in soil temperature in three marsh 
zones at 15-cm depth. 

18.6 mmhos/cm, was recorded in April and the high- 
est, 38.0 mmhos/cm, in November. The low and 

middle marsh soils were the most moist with 127 and 
94% moisture, respectively, and the high marsh was 
the driest containing only 30% moisture (Fig. 3). 
‘There was no monthly difference in moisture within 
marsh zones. With K there was no difference in con- 
centration among marsh zones, but K was highest in 
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Fig. 3.—Monthly variations in soil moisture in three marsh 
zones at 15-cm depth. 

October (365 PPM) and lowest in April (228 PPM). 
‘There was no effect of months on pH, but the middle 
marsh was more acidic than the low and high marsh 
(Fig. 4). The pH was 5.9 in the middle marsh and 6.2 
in the low and high marshes. 

The low marsh and middle marsh zones were the 
most productive as indicated by standing crop. The 
soils of these areas were the most reduced and warm- 
est, and contained the most moisture. There was a 
significant negative correlation of redox on both above 
ground and below ground biomass (Table 3). Soil 
temperature had a positive relationship with above 
ground crop but a negative effect on roots and 
rhizomes. Conductivity, moisture, and K content were 
positively correlated with both above and below 
ground yields. 

Correlation of significant soil measurements on 
yield by marsh zone is presented in Table 5. There 
was no significant correlation in the low marsh zone, 

but soil temperature was positively correlated with 
above ground standing crop in both the middle and 
high marsh zones and negatively correlated with the 
roots and rhizomes in the middle marsh. Conductivity 
and K levels were positively correlated with shoot 
yields in the high marsh. 

We can conclude from Tables 5 and 6 that redox 
differences within each marsh zone were not sufficient 
to affect yields significantly. Temperature differences 
did not affect yields in the low marsh, but did in the 
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Fig. 4.—Monthly variations in soil pH in three marsh zones 
at 15-cm depth. 

TABLE 4.—CoRRELATION OF CERTAIN SOIL MEASUREMENTS WITH 

YIELD. ALL ZONES AVERAGED. 

  

  

Soil 
Independent Variable measurement r value} 

Above ground standing crop Redox 1, 2,3* —0.45 to —0.53 
pliempreli2 oe 0.40 to 0.42 
Conductivity 0.22 
Moisture 0.46 
K 0.26 

Below ground biomass Redox 1, 2, 3 —0.22 to —0.49 
Temp. 1, 2,3 —0.22 to —0.29 
Conductivity 0.39 
Moisture 0.48 
K 0.40 

  

*1, 2, 3—2, 8, 15 cm depth. 
‘tr values significant at 0.05 level.
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TABLE 5.—CorrRELATION OF CERTAIN SOIL MEASUREMENTS AND 

YIELD. INDIVIDUAL MARSH ZONES. 

Marsh Independent Soil 
zone variable measurement r value} 

Low No significant effects 

Middle Above ground stand- 
ing crop Dip 253% 0.58 to 0.61 

Below ground bio- 
mass Te i, 2, &} —0.53 to —0.56 

High Above ground stand- 
inb crop IW il, 92, 8} 0.31 to 0.47 

Conductivity 0.43 

K 0.40 
  

*1, 2, 3-temperature at 2, 8, 15 cm depth. 
tr values significant at 0.05 level. 

middle and high marshes where temperatures were 
probably more variable. Soil moisture variations within 
zones were not sufficient to affect yields. 

Oxidation-reduction status of the soil affects nu- 
merous soil properties (Phung and Fiskell, 1973; 
Redman and Patrick, 1965). Available P would prob- 
ably be highest in the low and middle marsh zones 
where conditions were most reducing. In a previous 
study (Luce and Coultas, 1976), needlerush did not 
respond to P fertilization in a middle marsh zone, 
indicating the high availability of P in these soils. Soil 
moisture certainly has an effect on redox, but it also 
may be a limiting growth factor in the high marsh, but 
not likely so in the middle or low marsh zones. Air 
temperature is known to have a positive effect on 
needlerush shoot growth (Kruczynski et al., 1978; 
Williams and Murdoch, 1972). This study confirmed 
that soil temperature, which was highly correlated with 
air temperature, was positively correlated with shoot 
growth also. Potassium content had a positive rela- 
tionship with yield. This suggested that K was a 
limiting element at least in the high marsh. 

Higher conductivity results in greater stress on the 
plant and expected yields would be lower. This study 
did not support this contention, however. 

Although soils of the low marsh were better sup- 
plied with total N than soils from middle or high 
marsh, no difference in soil solution N was detected. 
No difference was found in P content of soil solution, 
either. From the protein data of Kruczynski et al. 
(1978) it would have to be concluded that the soil pro- 

TABLE 6.—THE AFFECT OF ELEVATION ON THE GROWTH OF NEDDLE- 
RUSH 21 MONTHS AFTER TRANSPLANTING. 

  

  

Leaf Leaf 
‘Treatment Leaves height diameter 

no. cm mm 

H to Lt 9.3 a* 38.la 14la 
HtoH 13.9a 42.7 ab 1.43 a 
LtoH 15.8a 56.5 be 2.28 b 
LtoL 28.5 b 59.3.¢ 2.50 b 
  

+H to L—high to low marsh, H to H—high to high marsh, L 

to H—low to high marsh, L to L—low to low marsh. 
*Like letters indicate no significant differences. Numbers are 

treatment means. 

vided more N and P in low and middle marsh zones 
than in the high marsh zone. The higher levels of ex- 
tractable bases found in the lower zones could have had 
some effect on yields. 

The regression equation of yield in above ground 

standing crop in low marsh is: y = 776 (174) + 6.54 
(1.26) T3 — 60.69 (28.53) pH. The numbers in paren- 
theses are the standard errors. For middle and high 
marsh zone yields, 122 and 173 should be subtracted, 
respectively. For below ground biomass in the low and 

middle marsh zone the equation is: y = 80.3 (14.0) + 
2.08 (1.01) T3 + 0.71 (0.32) Conductivity — 3.24 (1.04) 
T1. For high marsh subtract 32.2. 

Another possible explanation for the differences 
between yields of low and middle marshes vs high 
marsh may be due to genetic differences. Needlerush 
plants in the lower marsh tended to have taller, thicker, 
and fewer leaves per unit area than those in high 
marsh. Twenty one months after transplanting low 
marsh plants to the high marsh they had taller and 
thicker leaves than high marsh plants moved to the 
low marsh (Table 6). Fewer leaves survived in the high 
marsh cores moved to low marsh than with low marsh 
replanted in low marsh. This suggested that the plants 
from the high marsh were not adapted to the reducing 
soil conditions that occurred in the low marsh. This 
study further suggested that there were significant 
genetic differences between needlerush at high marsh 
elevations and that in low marsh. This, no doubt, 
caused some of the differences between standing crop 
found at different elevations. 
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CROFS SECTION 
Effect of Metalaxyl Fungicide (CGA 48988) on Blue Mold 

and Black Shank of Tobacco’ 

Tom Kucnarek, E. B. WHITTY AND JOHN TAYLOR? 

ABSTRACT 

Metalaxyl fungicide dramatically reduced black 
shank and blue mold of tobacco with a single preplant 
incorporated treatment. Black shank assessments were 
made near harvest time and blue mold assessments 
were made 53 to 60 days after transplanting. The high 
degree of control of both diseases for such a long period 
of time suggests that metalaxyl may offer new options 
in control strategies for tobacco diseases. 

Additional Index Words: Nicotiana Tobacum, 
Phytophthora Parasitica var Nicotiane, Peronospora 
Tabacina. 

Black shank of tobacco (Nicotiana tabacum L.), 

caused by the fungus Phytophthora parasitica (Dast.) 
var nicotiane (Breda de Hann) Tucker, has been a 
serious disease of flue cured tobacco in Florida since 
1961 (7). Black shank causes lower yields where suscep- 
tible varieties are used or compels growers to use re- 
sistant cultivars that may not possess buyer appeal. To 
further complicate the problem, cultivars with mod- 
erate to high resistance to black shank have been in- 
fected recently to a higher degree than expected. Often 
growers have short crop rotations due to installation 
of centrally located irrigation systems, land availability 
or land rental costs. Such situations contribute to 
higher inoculum levels in production fields thereby 
lowering the effectiveness of incomplete resistance. 
Thus the use of an effective, economical chemical 
would be beneficial for the control of black shank. 
Kannwisher and Mitchell (4) found in Florida that 
metalaxyl (N-(2,6-diamethylphenyl)-N-(methotyacetyl) 
alanine methyl ester) was effective when this fungicide 
was used in conjunction with a cultivar, ‘Speight G-28’, 
that possesses moderate to high resistance to black 
shank. Young et al. (9) found metalaxyl to be highly 
effective against black shank when used in transplant 
water or preplant incorporated treatments in field tests. 

Metalaxyl fungicide, besides being effective against 
Phytophthora spp., is effective also against other 
oomycete fungi, some of which are pathogens of to- 
bacco in Florida (2, 3, 8, 9). Pythium spp. cause root 
and stem rots of plants in the transplant beds in most 
years. In some situations the problem is quite severe, 
causing the grower to either transplant weak plants or 
search for an alternative source of plants. Peronospora 
tabacina Adam., the causal agent of blue mold, has not 
been the problem in recent years in the transplant bed 
as it was in past years (5, 6). However, in 1979 an 
epidemic of blue mold occurred in the field from 

1Florida Agricultural Experiment Stations Journal Series No. 
2005. 

2Associate Professor, Plant Pathology Department, University 
of Florida, Gainesville 32611, and Professor, Agronomy Depart- 
ment, University of Florida, Gainesville 32611, and Research 
Representative, Ciba Geigy Chemical Company, 1032 North 
Boulevard, Deland, Florida 32720. 

Florida to Canada. Metalaxyl has been found to be 
effective against both Pythium spp. and Peronospora 
sp. (9). Johnson et al. (3), in Austraila, found trans- 
plant water, soil drench, and spray treatments of 

metalaxyl to be effective in controlling blue mold. 
The purpose of this test was to determine if a single 

preplant incorporated treatment of matalaxyl would 
offer effective, season long control of black shank on 
tobacco. Because of the unexpected epidemic of blue 
mold in the tests, efficacy data were gathered also on 
the effect of metalaxyl on blue mold. 

MATERIALS AND METHODS 

‘The fungicide metalaxyl, formulated as a 2EC, was 
used in all tests in comparison with untreated controls. 
Metalaxyl was applied at a rate of 2.24 Kg. a.i. per 
hectare in a broadcast manner. Applications were pre- 
plant incorporated with rotary harrows to a depth of 
5 to 10 cm. Applications were made from one to two 
days prior to transplanting. Water rates used to dis- 
perse the fungicide varied from 374 to 468 liters/ha 
between tests. All applications were made using flat 
fan nozzles. Tests were conducted on four farms in 
Florida. ‘Transplanting was done on April 6, 1979 for 
the Busick test, April 10 for the Fraliegh test, April 12 
for the Lites’ test, and April 14 for the Lindsey test. 

The cultivar ‘Speight G-28’, possessing moderate 
to high resistance to black shank, was used in all tests. 
Black shank assessments were made when plants were 
in growth stage 7 to 8 (1). Specifically, assessments 
were made 102, 96, and 94 days after transplanting for 
the Busick, Lites’, and Lindsey tests, respectively. No 
black shank assessments were made for the Fraliegh 
test as no significant amount of black shank occurred 
in this test area. ‘Three subsamples of two rows, each 
153 m in length, were used in all tests to count black 
shank infected plants in both treatments. For statistical 
comparisons, each of three farms is considered as a 
block as treatments were not replicated on individual 
farm tests. 

Blue mold assessments were made by counting the 
total number of lesions on every tenth plant in the row. 
Blue mold lesions were classified as uninterrupted and 
interrupted. Interrupted lesions are those without 
sporulation and uninterrupted lesions are those where 
sporulation occurred. Specifically, assessments were 
made 56, 60, 57 and 53 days after transplanting for the 
Busick, Fraleigh, Lites’ and Lindsy tests, respectively. 
Assessments were made when plants were in growth 
stages 6-7. 

RESULTS 

Severe black shank epidemics occurred in the 
Busick and Lindsey tests and in the Lites’ test a light 
epidemic occurred. Only a few scattered black shank 
infected plants occurred in the Fraleigh test and there- 
fore no differential effects between metalaxyl and the
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control could be discerned in this test. The differential 
effect between metalaxyl and the control was spectac- 
ular in the three other tests (Table 1). Metalaxyl re- 
duced the percent of infected plants from 35.9 to 0.1, 
1.4 to .07, and 34.9 to 2.7 in the Busick, Lites’ and 
Lindsey tests, respectively. It is noteworthy that this 
high degree of control was measured at or near harvest 
time with a single preplant incorporated application. 

Blue mold epidemics occurred in all four tests. Al- 
though we observed other tobacco fields in Florida with 
more severe epidemics of blue mold, substantial differ- 
ential effects occurred between metalaxyl treatments 
and controls (Table 2). ‘These data were collected near 
the peak for each epidemic. Metalaxyl reduced spor- 
ulating lesions by no less than 99 percent in all tests. 
Within the metalaxyl treatments some lesions occurred 
that were typical of blue mold on the upper leaf surface 
but lacked sporulation on the under leaf surface. Such 
lesions are referred to as being interrupted. The fre- 
quency of interrupted lesions was slightly higher than 
uninterrupted lesions, but if a comparison is made 
between uninterrupted lesions in the controls to inter- 
rupted lesions in metalaxyl treatments all reductions 
exceeded 86 percent. 

DISCUSSION 

The degree of control of tobacco black shank and 
blue mold was outstanding with metalaxyl as a single 
preplant incorporated treatment. Such a practice in 
commercial fields could offset some current concerns 
in relation to higher inoculum levels of P. parasitica 
var. nicotiana where crop rotation can not be utilized. 
Also, growers might benefit further where they grow 

TABLE 1.—EFFICACY OF METALAXYL FUNGICIDE AGAINST BLACK 

SHANK OF TOBACCO, CULTIVAR SPEIGHT G-28. 

  

No. of diseased plants/ 
300 m. of row 

  

Metalaxyl 
Days After} Untreated 2.24 Kg./ha 

Farm Transplanting Control (ppi) 

Busick 102 269.0 1.0 
Lites 96 10.3 0.7 
Lindsey 94 261.7 20.3 

  

+Plants were in growth stage 7-8. 

TABLE 2.—EFFICACY OF METALAXYL FUNGICIDE AGAINST BLUE MOLD 

OF TOBACCO, CULTIVAR ‘SPEIGHT G-28’. 

  

Number of lesions per 

  

    

  

30 plants} 

Metalaxyl 
Days After Untreated 2.24 Kg./ha 

Farm Transplanting Control (ppi) 

Us I Ua 

Busick 56 156 «0 @ i 
Fraleigh 60 1470 0 4.° 1g} 
Lites 57 SOMO 0 5 
Lindsey 53 482 0 0 2 

  

+Total number of lesions were counted on every tenth plant 
in each of three rows in the Busick and Lindsey farms and in 
each of two rows on the Lites and Lindsey farms. 

{AIL plants were in growth stages 6-7. 
.. §U =. uninterrupted, sporulating lesions. I = interupted, 
with no sporulation. 

cultivars that have more buyer appeal rather than 
where they grow a variety that is resistant to black 
shank. A fungicide such as metalaxyl offers a further 
advantage in that the systemic moyement of this prod- 
uct is less apt to vary in efficacy compared to preplant 
multipurpose fumigants where soil type, temperature, 
and moisture heavily influence efficacy. Also, land that 
is fumigated in the row is commonly reinfested by the 
pathogen from non-fumigated areas between rows by 
Irrigation with contaminated pond water, or by move- 
ment of field equipment. A fungicide such as metalaxyl 
could offset these problems as well. 

Further studies on the effect of broadcast preplant 
incorporated metalaxyl in combination with black 
shank susceptible cultivars should offer definitive in- 
formation on whether the grower can achieve com- 
mercial control with such a combination. Kannwischer 
and Mitchell (4) found that metalaxyl as a transplant 
water treatment began to lose efficacy near 50 days 
after transplanting when used on ‘Hicks’, a susceptible 
cultivar, whereas metalaxyl combined with ‘Speight 
G-28’, a moderately resistant cultivar, afforded ex- 
cellent control beyond 90 days after transplanting. 

The blue mold epidemic in 1979 was the first such 
epidemic known to occur in flue-cured tobacco fields 
in Florida. Yield losses up to ten percent have been 
estimated for some fields. State-wide losses are not ex- 
pected to exceed two percent. At the time of this writ- 
ing 30 percent yield losses or more are estimated for 
Burley tobacco fields in North Carolina (Furney Todd, 
personnel communication). Blue mold was effectively 
controlled in these studies by metalaxyl. Although blue 
mold is not expected to be severe in most years, 
metalaxyl has an additional attribute if a potential 
epidemic is thwarted. 

Metalaxyl apparently has curative effects (2.9) and 
this may explain in part the presence of blue mold 
lesions without sporulation. Data presented herein and 
elsewhere (2, 3, 4, 8, 9) suggest that metalaxyl, besides 
being a new chemistry for a disease control agent, also 
possesses desirable characteristics such as high degrees 
of efficacy, longevity of efficacy and no noticeable phyto- 
toxicity. Such attributes offer flexibility in plant disease 
control strategies. 
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Legume Covercrop Trials in Citrus Groves’ 

Cart A, ANDERSON? 

ABSTRACT 

Three field experiments were conducted to com- 
pare dry matter production and N content of various 
legumes that might be used as covercrops in citrus 
groves. One test was in a young replanted grove on 
excessively-drained sandy soil in central Florida. The 
site had been in citrus for over 50 years. Eight legumes 
were tested: hairy indigo (Indigofera hirsuta L.), 
Aeschynomene (A. americana L.), Stylosanthes (S. 

hamata taub. cv. Verano), alyceclover (Alysicarpus 
vaginalis L.), cowpeas (Vigna sinensis L.), pigeonpea 
(Cajanus cajan L. Mill sp.), and two soybeans (Glycine 
max cy. Hardee and Jupiter). All seeds were inoculated 
with N-fixing bacteria before seeding and no N fer- 
tilizer was used during the test. Only a few of the 
legumes seeded in March survived infestations of ring 
and sting nematodes. The most productive crop was 
hairy indigo which produced 10.4 tons dry matter/ha, 
containing 1.6% N. Stylosanthes and Aeschynomene 
produced approximately 5 tons/ha. All eight legumes 
were destroyed by lesser corn stalk borer when seeded 
in June. In another test on similar but previously un- 
planted sandy soil, dry matter yields of approximately 
6 tons/ha were obtained from March seedings of 
pigeonpea, alyceclover, and Aeschynomene. In a test 
in a bedded grove on poorly-drained, fine-textured soil 
on the east coast, both pigeonpea and Crotalaria (C. 
mucronata Desv.) produced approximately 10 tons 
dry matter/ha. Hairy indigo and Aeschynomene pro- 
duced almost 7 tons/ha. Some of the crops seeded in 
March were damaged by rodents and insects. 

Additional Index Words: Biological nitrogen fixa- 
tion, Plant analysis. 

  

Nitrogen fertilization of citrus is one of the most 
expensive grove practices in Florida, in terms of energy 
consumption. It will remain expensive as long as fossil 
fuels continue to be used as raw materials and as energy 

sources in the manufacturing process of nitrogen fer- 
tilizers. A reduction in N usage on citrus cannot be 
expected because fruit yield and application rate are 
closely related up to a maximum of about 225 kg 
N/ha/year and very few bearing groves are presently 
receiving more than that amount. Although the rate 
of N application is an important factor in citrus pro- 
duction, verified by numerous N source and rate ex- 

periments listed elsewhere (2), the source of N is not 
generally important. Many legumes are capable of 

1Florida Agricultural Experiment Stations Journal Series No. 
1978. 

2Associate Professor, University of Florida, Institute of Food 
and Agricultural Sciences, Agricultural Research and Education 
Center, Lake Alfred, Florida 33850. 

fixing between 100 and 200 kg N/ha/year (4). For 
these reasons a study of legume covercrops in citrus 
groves to provide biologically-fixed N is feasible. 

The establishment of legume covercrops in groves 
could be expected to provide other benefits to citrus in 
addition and unrelated to that of N nutrition. Good 
stands of legumes might help replenish the supply of 
organic matter (O.M.) in soils. O.M. content and 
cation exchange capacity (C.E.C.) have been strongly 
correlated for sandy soils in groves in central Florida 
(Fig. 1). Any practice that increases the C.E.C. might 
increase the efficiency of use of K and Mg fertilizers as 
well as reduce the toxicity of Cu which has accumu- 
lated to high levels in some grove soils. Increasing the 
O.M. content might improve various water related 
properties of soil. Finally, the low O.M. content of 
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Data of Anderson and Albrigo (1).
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soils has been indicated as being a factor in the inci- 
dence of citrus tree blight (5). 

Traditionally, citrus groves on the sand hills in 
central Florida are clean-cultivated twice each year, 
just before harvest to facilitate picking operations and 
again in the late fall to enhance cold protection. This 
latter cultivation, generally carried out in October, is 
considered to be of extreme importance for all groves 
regardless of age or variety. The most suitable cover- 
crops, therefore, would be annual legumes that could 
attain maximum forage production and N fixation 
and, preferably, complete seed development prior to 
the fall cultivation. Ideally, the seed produced one 
year would reestablish the crop the following year. 

In most flatwood groves, grass sod is maintained 
throughout the year to protect the beds and furrows 
from soil erosion. Annual legumes seeded in the spring 
would give maximum coyer during the late summer 
and fall, the period of heaviest rainfall. 

The objective of this study was to compare dry 
matter production and N content of several annual 
legumes grown on soils commonly planted to citrus. 
Two of the trials were conducted in young replanted 
citrus groves and one in an unplanted area of an older 
bearing grove in order to avoid direct competition 
from citrus trees and to minimize the effect of routine 
grove operations on the growth of the legume crops. 

MATERIALS AND METHODS 

Experiment I. Experiment I was initiated in March 
1975 in a young replanted citrus grove near Lake 
Alfred. The soil on the experimental site was Candler 
fine sand, a hyperthermic, uncoated Typic Quartz- 
ipsamments. The site had been in citrus for over 50 
years. The original planting of tangerines on rough 
lemon rootstock was removed in 1973 and the grove 
replanted to grapefruit in 1974. The young grapefruit 
trees, spaced 6.1 x 9.1 m, served as corner markers for 

the individual legume plots. 
Before seeding, a fertilizer mixture of muriate of 

potash and agricultural grade gypsum was broadcast 
over the experimental area to supply 140 kg K, 180 kg 
Ca, and 143 kg S/ha. The soil contained an adequate 
level of available P and had a pH of 7.1. No fertilizer 
N was used in the area in either 1974 or 1975 except 
for that spread by hand beneath the canopy of each 
tree. 

The plots were seeded on March 12 using a hand- 
held broadcast seeder. The eight test legumes included 
hairy indigo, Aeschynomene, and alyceclover seeded at 
22ke seed/ha; cowpea, pigeonpea, and two soybean 
cultivars, Jupiter and Hardee, seeded at 67 kg seed/ha; 
and Stylosanthes, seeded at only 8 kg seed/ha because 
of a limited supply of seed. The field design was a 
randomized complete block with eight treatments 
(legumes) and five blocks. 

Commercial cowpea inoculum was used on all seed 
except soybean which was treated with two sources of 
Rhizobium japonicum inoculum, one applied to the 
seed beans, the other, on.a peat carrier, to the soil. Im- 
mediately following completion of the seeding opera- 
tion the area was disked in two directions. Irrigation 
from overhead sprinklers was used periodically as 
needed during the following weeks. 

On June 2, the same eight legumes were seeded in 
five additional blocks adjacent to the original site, em- 

ploying the same procedures and techniques described 
above. 

Experiment II. Four of the legumes included in Ex- 
periment I were tested in a second experiment on 
Candler fine sand, in an unplanted low, cold area of a 
bearing orange grove. The area was bypassed in all 
normal grove operations except for periodic cultiva- 
tion to control weeds. It was equipped with overhead 
irrigation facilities, however, and had been limed at 
some previous time, judging from the soil pH of 6.5. 
The test crops, pigeonpea, alyceclover, Aeschynomene, 
and Hardee soybean, were inoculated and seeded on 
March 18 using the procedures described for Experi- 
ment I. The individual plot size was 3 x 15 m and the 
field design was a randomized complete block having 
four treatments (legumes) and three blocks. Only one 
seeding date was employed in this experiment. 

Experiment III. Experiment III was set out in a 
bedded grove near Indiantown in Martin County. The 
two 4-row beds used in the experiment had been in 
citrus since 1960; however, the grove was abandoned in 
1973 for economic reasons. ‘The original trees were re- 
moved in 1974 and the beds replanted to orange trees 
in February 1975. The spacing of the newly-planted 
trees determined the dimensions of the legume plots, 
4.6 x 8.2 m. 

The soil was an alkaline, sandy clay loam, probably 
of the Chobee series, a member of the fine loamy, 
mixed, hyperthermic family of Typic Argiaquolls. The 
beds were fertilized several days before seeding with a 
mixture of muriate of potash and ordinary super- 
phosphate at a rate of 53 kg P, 115 kg K, 110 kg Ca, 
and 87 kg S/ha. No N was used on the beds except in 
the fertilizer applied by hand to the young citrus trees. 

The test crops, seeded March 24, 1975, included 
Crotalaria, pigeonpea, hairy indigo, Aeschynomene, 
cowpea, alyceclover, Jupiter and Hardee soybeans, and 
Florunner peanut (Arachis hypogeae L. cv. Florunner). 
Crotalaria was seeded at 22 kg/ha, peanuts at 84 kg/ha. 
The seeding rates for the others and the inoculation 
and seeding procedures were identical to those used in 
Experiment I. The field design was a randomized com- 
plete block with nine treatments and five blocks. The 
plots were irrigated as needed with overhead sprinklers. 

On June 5, five additional randomized complete 
blocks were set out on an adjacent bed, testing the 
same nine legumes. 

The same harvesting procedure was used for all 
three experiments. Forage yields were determined from 
samples clipped at ground level from a 2 or 4 m? area 
near the center of each plot. The samples were weighed 
in the field and again after drying at 65 C in a forced- 
air oven. Subsamples of the oven-dried forage were 
then ground in a Wiley mill and analyzed for N and, 
for Experiment III, for P, K, Ca, and Mg also. The 
crops were not harvested according to any fixed sched- 
ule; instead, each legume was harvested when it 
reached the pod-filling stage which seemed to coincide 
with maximum forage production (3). For some crops 
this was closely followed by the beginning of defolia- 
tion. 

RESULTS AND DISCUSSION 

Experiment I. Good stands and vigorous early 
growth were observed for all legumes seeded in March, 
especially the grain legumes. Nodulation appeared to
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be developing on most roots examined. But within 6 
or 8 weeks after emergence, growth virutally ceased for 
most of the crops. Plants wilted severely on hot and 
windy days despite frequent irrigations from the over- 
head ‘prinklers. On May 9, Dr. A. C. Tarjan, Uni- 

versity of Florida Nematologist, identified large popu- 
lations of ring and sting nematodes (Criconemoides 
sp. and Belonolaimus sp., respectively) on soil and root 
samplcs collected from several locations in the experi- 
mental area. Only four of the eight legumes seeded in 
March were subsequently harvested. (In contrast, the 
cooperating citrus grower was unaware of the presence 
of nematodes in the grove and was, in fact, pleased 
with the growth and vigor of the young citrus trees.) 

Hairy indigo produced approximately 10 tons dry 
matter/ha, containing about 1.6% N (Table 1). 
Stylosanthes and Aeschynomene produced about 5 tons 
dry matter/ha. The total N content of hairy indigo, 

calculated on the basis of a solid, one-hectare stand, was 
significantly larger than for Stylosanthes or Aeschy- 
nomene. The data for cowpeas may not be valid since 
the plants were very obviously infested with nematodes. 

No data were obtained for any of the legumes 
seeded in June as all were destroyed several days after 
emergence by lesser corn stalk borer, identified by Dr. 
E. B. Whitty, University of Florida Agronomist. 

TABLE 1.—FoRAGE YIELD AND NITROGEN CONTENT OF LEGUME COVER- 
CROPS IN A YOUNG REPLANTED CITRUS GROVE ON CANDLER FINE SAND 

IN POLK COUNTY, FLORIDA. 

Experiment II. Forage and N yields were deter- 
mined for three of the four test legumes. The fourth 
crop, soybean, was destroyed by grasshoppers. ‘The 
differences in forage production and in N content be- 
tween the three crops were not significant (Table 2). 
All three grew satisfactorily. The comparisons of in- 
terest are between the data of this experiment and 
those of Experiment I. Aeschynomene grew equally 
well on both sites; in fact, forage yields and N content 
data from the two experiments are almost identical. 
Pigeonpea and alyceclover, which were destroyed by 
nematodes on the old grove site of Experiment I, pro- 
duced good stands on the previously unplanted soil of 
Experiment IJ. The soil in both locations was Candler 
fine sand. 

Experiment III. Only six of the nine legumes 
seeded in March were harvested. Both soybean cultivars 
were consumed by grasshoppers. The soybean data 
from the June seeding also reflected insect damage to 
an unknown extent. No information was obtained for 
alyceclover for either seeding date because of rapid, 
unexpected defoliation that occurred shortly before 
the plots were to be harvested. Some of the crops were 
grazed heavily by rabbits and rats. The cowpea and 
peanut crops seeded in March seemed to be favored to 

TABLE 2.—FoORAGE YIELD AND NITROGEN CONTENT OF LEGUME CROPS 
GROWN ON PREVIOUSLY UNPLANTED CANDLER FINE SAND IN POLK 

COUNTY, FLORIDA. 

  

Nitrogen content Nitrogen content 

  

Dry matter of forage Dry matter of forage 
Seeding date Harvest yield (% Seeding date Harvest yield oA 

and crop date (kg/ha) dry wt) (kg/ha) and crop date (kg/ha) dry wt) (kg/ha) 

March 12 March 18 

Hairy indigo September 22. 10,460a* 1.59b 166 a Pigeonpea August 22 7,730* 1.89 146a 
Stylosanthes September 22 5,580 b 1.72b 96 b Alyceclover August 22 5,690 1.50 85 b 
Aeschynomene September 22 4,619 b 1.83 b 84b Aeschynomene September 25 4,680 1.80 84b 
Cowpea May 23 870 c 2.79.a 24¢ 
  

*Data are means of 5 replications. Within each column, means 

not followed by the same letter differ significantly at P = 5%. 

  

*Data are means of 3 replications. Within each column, means 
not followed by the same letter differ significantly at P = 5% ex- 
cept that absence of letters denotes non-significance. 

TABLE 3.—FORAGE YIELD AND MINERAL COMPOSITION OF LEGUME COVERCROPS IN A YOUNG BEDDED 
CITRUS GROVE ON CHOBEE SANDY CLAY LOAM IN MARTIN COUNTY, FLORIDA. 

  

  

      

Dry matter Mineral composition of forage Total N 

Seeding date Harvest yield P K Ca Mg in forage 
and crop date (kg/ha) (% dry wt) (kg/ha) 

March 24 

Crotalaria September 19 10,420 a* a 0.16 b 1R22%C 1.33 b 0.27b 273 a 
Pigeonpea August 20 10,660 a be 0.15 b 1.07¢ 0.81 c 0.17 ¢ 189 b 
Hairy indigo September 19 7,010 b d 0.13 b 1.33 c 1.33 b 0.23 b 88 c 
Aeschynomene September 19 6,990 b cd 0.15 b 1.38 c 1.30 b 0.23 b 103 c 
Peanut August 6 2,020 c b 0.14 b 1.72b 1.73a 0.33 a 43d 
Cowpea June 3 850 c a 0.28 a 247 a 1.28 b 0.26 b 21d 

June 3 

~ Crotalaria October 14 7,810 b 3.0la 0.21 cd 1.49 c¢ 0.83 c 0.21 ¢ 235 a 
Pigeonpea October 14 11,780 a 2.07 cd 0.23 c 1.26c 0.81 c 0.16 d 2444 
Hairy indigo October 14 5,940 c 1.73e 0.18 d IE43IC 1.26 b 0.21 ¢ 103 b 
Aeschynomene October 14 4,640 cd 1.79 e 0.22 cd ASIN 1.20 b 0.21 ¢ 83 be 
Peanut August 20 2,890 e 3b 0.20 cd 2.06 b l7la 0.34 a 73 be 
Cowpea August 6 4,050 de 7c 0.29 b 3.40 a 1.23 b 0.28 b 92 be 
Soybean, Jupiter August 20 3,090 e 9 de 0.32 ab 2.26 b 1.21b 0.30 b 6lc 
Soybean, Hardee August 20 3,070 e 2 de 0.35 a 2.13 b 1.43 b 0.29 b DUIG 
  

*Data are means of 5 replications. Within each column, for each seeding date, means not followed by the same letter differ significantly 
at P = 5%.
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the point that their forage and N data are of question- 
able value. 

The highest yields of dry matter were produced by 
Crotalaria and pigeonpea, followed by hairy indigo 
and Aeschynomene (Table 3). Essentially, the same 
relative crop performance occurred in the June seed- 
ing, except that the forage yield of pigeonpea was sig- 
nificantly higher than for Crotalaria. Crotalaria had 
the highest N content of the four legumes on both seed- 
ing dates. 

Crotalaria produced the highest N yields, in excess 
of 200 kg N/ha as calculated on the basis of a solid 
one-hectare stand of legume. The June seeding of 
pigeonpea also exceeded 200 kg N/ha. Hairy indigo 
and Aeschynomene produced approximately 100 kg 
N/ha. The quantity of N contained in the roots of the 
test crops was not determined. 

‘The mineral composition of the forage seemed to 
be characteristic of the particular crop, e.g. cowpeas 
had the highest K content and one of the highest N 
contents of all the legumes tested on both seeding 
dates. Peanuts contained the highest and pigeonpea 
the lowest Ca and Mg concentrations of all test crops 
on both seeding dates. 

In conclusion, the number and severity of the prob- 
lems encountered in this study provided a harsh but 
effective test of performance for the legumes. (It 

should be noted that some of the problems could have 
been avoided if appropriate control measures had been 
applied in anticipation of their occurrence.) Several of 
the legumes grew very well under the conditions of 
these tests and they should be investigated further to 
determine their performance and compatibility with 
citrus in older groves that are receiving normal grove 
practices. The relative availability to citrus of the N in 
the legume foliage will have to be determined in later 
studies, as will the need for inoculation of the seed 
prior to seeding. 
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Vegetation in Areas Stripmined for Phosphate 

Rospert M. CRAIG AND DONALD C. SMITH" 

ABSTRACT 

Forty-five plant species were identified from a study 
of 20 areas stripmined for phosphate. Fourteen of these 
plants have features that make them useful for vege- 
tating stripmined areas. 

Plant succession was determined and a revegetating 
program proposed utilizing the plants identified as 
contributing to ground cover and erosion control. 
Bahiagrass (Paspalum notatum Fluegge), common 
bermudagrass (Cynodon dactylon L. Pers.), hairy 

indigo (Indigofera hirsuta L.), jointvetch (Aeschy- 
nomene americana L.), and alyce clover (Alysicarpus 
vaginalis (L.) D.C.) are suggested for the initial es- 
tablishment period. Live oak (Quercus virginiana 
Mill), water oak (Quercus nigra L.), and wax myrtle 
(Myrica cerifera L.) can generally be established after 
the spoil is several years old. 

Additional Index Words: Paspalum notatum 
Fluegge, Cynodon dactylon L. Pers., Indigofera hirsuta 
L., Alysicarpus vaginalis (L.) D.C., Aeschynomene 

americana L., Plant succession. 

  

VEGETATION IN AREAS 
STRIPMINED FOR PHOSPHATE 

By 1974 there were almost 250,000 acres of land in 

1State Resource Conservationist, U.S.D.A., Soil Conservation 

Service, P.O. Box 1208, Gainesville, FL 32602; Plant Materials 

Specialist, U.S.D.A., Soil Conservation Service, Gainesville, FL. 

Florida that were disturbed by surface mining, and this 
had increased to 332,000 acres by 1977 (6). During the 
same period acres of mined land reclaimed also in- 
creased from 32,000 to 45,000 acres. Most of the land 
was stripmined for phosphate in Polk, Hillsborough, 
and Hamilton Counties. By 1977, 181,000 acres had 
been mined for this purpose (6). 

Reclamation of surface mines is of interest to en- 
vironmentalists, conservationists, developers, and ulti- 
mately, every citizen who enjoys the products that re- 
sult from mining activities. The state of Florida has a 
program addressing the reclamation of surface mines 
for long-term beneficial land use. The rules are con- 
tained in Chapter 211, Part II, Florida Statutes and is 
administered by the Department of Natural Resources. 
The minimum standards (5) for a reclamation and 
restoration program include revegetation of over 80 
percent of the reclaimed land. Establishment of this 
vegetation is often very difficult due to undesirable soil 
conditions. This problem is recognized by the U. S. 
Department of Agriculture, Soil Conservation Service 
(SCS). The SCS’s Long Range Plant Materials Program 
for Florida gives the highest priority to the solution of 
this problem (1). One of the initial efforts has been to 
make a field study of native and naturalized plants 
that occur on stripmined land. The study was started 
in 1976 and completed in 1978 at locations throughout 
Florida. This paper concerns only that portion of the 
state that pertains to areas stripmined for phosphate. 
The results are applicable only to overburden and not 
to sand tailings. °
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The results indicate that several plants have a po- 
tential for use in revegetation of reclaimed land. 

MATERIALS AND METHODS 

All of the major areas stripmined for phosphate in 
Florida were visited, and 20 sites were selected for de- 

tailed study. These sites adequately represented the 
type of extent of conditions found on phosphate- 
mined overburden in the counties of Hamilton, Hills- 
borough, and Polk that were area mined, as explained 
by Imhoff, Fritz, and LaFevers (4). Observations and 
determinations were made visually and were estimated. 
A general survey of wide magnitude was used to obtain 
information rather than a smaller number of more 
detailed studies. 

Data obtained at each site were: kind of mining, 
age and type of spoil, soil conditions, topographic 
features, existing erosion, plants occurring, erosion 
control effectiveness, plant vigor, and management 
treatments. The procedure was similar to the ones used 
by Bryes and Miller (3) and Craig (2). Unknown 
plants were sent to the University of Florida Herbar- 
ium personnel for identification. The data were proc- 
essed, stored, retrieved, and analyzed to determine 

plant succession and related factors important in re- 
vegetating land minded for phosphate. 

RESULTS AND DISCUSSION 

Forty-five plant species were identified on over- 
burden material. Information on the number of total 
sites where the plants occurred and related information 
are shown in Tables 1, 2, 3, 4, and 5. Table 1 contains 
data on trees; Table 2 on shrubs; Table 3 on vines; 
‘Table 4 on grasses; and Table 5 on herbaceous plants. 

Soil conditions were similar at each geographic 
location. Sites generally had a soil pH of 6.0 or higher 
and textures ranged from sand to loamy sand. Four of 
the 20 sites had a pH of less than 6.0 but this did not 
significantly alter the plant community. 

The spoil age category in Tables 1-5 gives the age 
of spoil where the plant occurred. Ages of the spoil 
studied were 2, 3, 5, 6, 8, 20, 30, 33, 50, and 80 years. 

Ratings include a numerical factor from 1 to 10 for 
both plant vigor and the plant’s erosion control effec- 

‘TABLE 1.—FREQUENCY AND RATING OF TREES ON AREAS STRIPMINED 
FOR PHOSPHATE. 

Spoil 
Age Plant 

Number} (Yrs) 
Erosion 

Scientific Name Vigor} Control} 

  

Pinus elliottii Engelm 1 50 7 5 
Prunus americana 

Marsh. 1 50 5 5 
Prunus serotina Ehrh. 1 50 5 5 
Quercus laurifolia 

Michx. 1 80 5 4 
Quercus nigra L. 3 50 4 5 
Quercus virginiana 

Mill. 7 30-50 4 4 
Sabal palmetto 

(Walt.) Lodd. 1 80 5 4 
Salix nigra Marsh. 1 50 5 5 

TABLE 2.—FREQUENCY AND RATING OF SHRUBS ON AREAS STRIPMINED 
FOR PHOSPHATE. 

  

Spoil 
Age Plant Erosion 

Scientific Name Number} (Yrs) Vigort Control} 

  

Baccharis halimifolia L. 7 2-50 4 4 
Callicarpa americana L. 1 50 5 7 
Lantana camara L, 3 2-50 4 4 
Myrica cerifera L. 6 33-50 4 4 
Psidium guajava Raddi 2 50 5 5 
Sereonoa repens 

(Bartr.) Small 2 50 5 3 

  

+Number of sites plant occurred. 
{Rating for plant vigor and erosion control with 1 for most 

effective, and 10 for least effective. 

TABLE 3.—FREQUENCY AND RATING OF VINES AND VINE-LIKE PLANTS 
ON AREAS STRIPMINED FOR PHOSPHATE. 

  

Spoil 
Age Plant 

Number} (Yrs) 
Erosion 

Scientific Name Vigor; Control} 

  

Ampelopsis arborea 
(L.) Koehne 1 50 5 5 

Rubus cuneifoius 
Pursh 1 50 5 5 

Smilax spp. L. 2 50-80 5 4 
Vitis rotunifolia 

Michaux 2 33-50 5 4 

  

+Number of sites plant occurred. 
{Rating for plant vigor and erosion control with 1 for most 

effective, and 10 for least effective. 

tiveness. One is for the most effective rating and 10 for 
the least effective. Several of the plants have character- 
istics which afford protection against erosion and en- 
croach naturally on these disturbed areas. 

TABLE 4.—FREQUENCY AND RATING FOR GRASSES ON AREAS STRIP- 
MINED FO PHOSPHATE. 

  

Spoil 
Age Plant 

Numbert (Yrs) 
Erosion 

Scientific Name Vigor{ Controlf 

  

Andropogon cabanisii 
Hack. 1 50 3 5 

Andropogon glomeratus 
Chapm. 4 5-50 4 6 

Andropogon capillites 
Nash. 1 50 3 5 

Andropogon virginicus 
1s 1 50 5 5 

Cynodon dactylon (L.) 
Pers. 2 2-20 5 5 

Digitaria sanguinalis 
(L.) Scop. 1 2 5 5 

Panicum virgatum L. il 2 3 3 

Paspalum urvillei 
Steud. I 2s 5 5 

Rhynchelytrum roseum 
(Nees) Stapf and 
Hubb 7 2-50 4 5 

Sporobolus poiretii 
(Roem.) and Schult. 
Hitchc.) 2 20-50 5 5 

  

+Number of sites plant occurred. 
{Rating for plant vigor and erosion control with 1 for most 

effective, and 10 for least effective. 

  

+Number of sites plant occurred. 
{Rating for plant vigor and erosion control with 1 for most 

effective, and 10 for least effective.
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TABLE 5.—FREQUENCY AND RATE FOR HERBACEOUS PLANTS ON AREAS 
STRIPMINED FOR PHOSPHATE. 

  

Spoil 
Age Plant Erosion 

Scientific Name Number} (Yrs) Vigort Controlt 
  

Aeschynomene americana 
TE 4 2-6 4 3 

Alysicarpus vaginalis 
(L.) D.C. 1 ey 1 3 

Ambrosia artemisiifolia 
Ie 2 3-50 5 5 

Bidens bipinnata L. 3 50-80 5 4 
Cassia fasciculata 
Michx. 1 3 5 5 

Cyperus esculentus L. 2 2-20 4 3 
Dichondra caroliniensis 

Michx. 1 20 5 3 
Eupatorium capillifolium 

(Lam.) Small 12 2-50 4 4 
Heterotheca subaxillaris 

(Lam.) Britt. & Rusby 1 5 3 5 
Indigofera hirsuta L. 8 2-50 4 4 
Lespedeza striata 

(Thunberg) H. &. A. 1 20 5 3 
Lippia nodiflora Michx. 1 20 5 3 
Phaseolus lathyroides L. 1 2 1 3 
Phytolacca americana L. 1 2 5 iD) 
Sesbania exaltata (Raf.) 

Rydberg ex A. W. Hill 2 2-50 4 4 
Solidago spp. L. 1 2 5 5 
Urena lobata L. 6 5-80 4 4 

  

+Number of sites plant occurred. 
{Rating for plant vigor and erosion control with 1 for most 

effective, and 10 for least effective. 

Of eight tree species that were noted, live oak 
(Quercus virginiana Mill), and water oak (Quercus 
nigra L.) were the most important. 

Of six shrubs that were noted, eastern baccharis 
(Baccharis halimifolia L.), wax myrtle (Myrica cerifera 
L.), and lantana (Lantana camara L.) were most pre- 
valent. 

Of four vines, the two most commonly found were 
greenbriar (Smilax spp. L) and Muscadine grape 
(Vitis rotundifolia Michaux). These vines are effective 
for erosion control. 

The growth habit and ability to grow and survive 
under a wide range of soil environments make grass 
especially valuable in preventing erosion and for re- 
vegetation. Of the ten grasses in Table 4, the four most 
commonly found were natalgrass (Rhynchelytrum 
roseum Nees, Stapf and Hubb), bushybeard bluestem 
(Andropogon glomeratus Chapm.), common bermuda- 
grass (Cynodon dactylon L. Pers.), and smutgrass 
(Sporobolus poiretii) (Roem. and Schult.) Hitchc. The 
occurrence of common bermudagrass is especially sig- 
nificant, since seed can be purchased commercially. 

Seventeen herbaceous plants occurred but most of 
them are annuals and have upright growth habits that 
limit their effectiveness for permanent erosion control 
and revegetation. Seed of several of the herbaceous 
plants are available commercially, and they are recom- 
mended for planting during the initial establishment 
period. These plants are: hairy indigo (Indigofera 
hirsuta L.), jointvetch (Aeschynomene americana L.), 
and alyce clover (Alysicarpus vaginalis L., D.C.) 

Fourteen plantings by individual landowners were 
also studied. Bahiagrass (Paspalum notatum Fluegge) 
and common bermudagrass were the most effective and 
commonly used plant species. 

PLANT SUCCESSION 

Plant succession is an important factor in determin- 
ing the type of plants, i.e. trees, shrubs, vines, grasses, 
and herbaceous plants to be utilized for revegetation. 
‘This study of stripmined land from 2 to 80 years old 
afforded a unique opportunity to study plant succes- 
sion on phosphate soil. Only frequently occurring 
plants are used to show the following plant succession 
stages. 

The first and most important plants to become es- 
tablished during the first 5 years are herbs and grasses. 
The herbaceous plants are dog fennel (Eupatorium 
capillifolium Lam. Small), hairy indigo, Caesar weed 
(Urena lobata L.), and jointvetch. The grasses are 
natalgrass, bushybeard broomsedge, and common 
bermudagrass. The two shrubs, eastern baccharis and 
lantana, became established within the first 5 years. 

After the spoil is several decades old, the pioneer 
plants are joined by significant amounts of other herbs 
and grasses. Woody plants also become more common, 
with eastern baccharis, live oak, lantana, wax myrtle, 
and muscadine grape being the most dominant. 

After 50 years live oak, water oak, eastern baccharis, 
wax myrtle, lantana, guava (Psidium guajava Raddi), 
saw palmetto (Serenoa repens Bartr. small), and vari- 
ous vines become the dominant plants. 

PLANT RECOMMENDATIONS 

It is logical to assume that a revegetation program 
utilizing the planting and management of plants 
identified as significant in the plant succession se- 
quence and otherwise commonly grown would be suc- 
cessful. The recommendations are to initially seed 
combinations of bahiagrass, common bermudagrass, 
hairy indigo, jointvetch, and alyce clover. Woody 
plants will gradually become established by natural 
encroachment but significant amounts do not occur 
until after the spoil is 30 years old. It may become 
necessary to establish woody plants. The recommended 
trees and shrubs are live oak, water oak, wax myrtle, 
and lantana. Germination of woody plant seed is 
usually poor and unpredictable, but small plants can 
often be transplanted wth good results. 

The SCS is considering the study of several plants 
that rated high in plant vigor and erosion control effec- 
tiveness but were relatively insignificant in occurrence. 
These are for possible revegetation of areas stripmined 
for phosphate. ‘The plants being studied are African 
stargrass, Cynodon plectostachyus (K. Schum.) Pilg.; 
bitter panicum, Panicum amarum EIl.; bufflegrass, 
Cenchrus ciliaris L.; herbaceous mimosa, Mimosa 
strigillosa Torr. and Gray; lovegrass, Eragrostis spp. 
Beauv.; maidencane, Panicum hemitomon Schult; 
natalgrass, Rhynchelytrum roseum (Nees) Stapf and 
Hubb.; sericea lespedeza, Lespedeza cuneata (Dumont) 
G. Don; shoredune panicum, Panicum amarulum 
Hitchc. and Chase; switchgrass, Panicum virgatum L.; 
and virgata lespedeza, Lespedeza virgata A.P.D.C. 
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Winter Hardiness in Limpograss, Hemarthria altissima’ 

A. J. OAKEs? 

ABSTRACT 

Winter hardiness of limpograss, Hemarthria 
altissima (Poir.) Stapf & C. E. Hubb., was determined 
in field plantings at 24 locations in five plant hardiness 
zones. Most locations are in the southeastern United 
States, where the grass is most likely to be used in 
agriculture. Significant differences in winter survival 
were found among the 53 clones studied. These results 
suggest considerable genetic variability within H. 
altissima, so that winter-hardy germplasm might be 
used to expand the production range and extend the 
effective grazing period. 

Additional Index Words: Cold-tolerant germplasm, 
Plant introductions; Plant survival. 

  

Hemarthria altissima (Poir.) Stapf & C. E. Hubb., 
commonly called limpograss (13), has become eco- 
nomically important as a pasture grass in the United 
States during the past decade. A brief resume of its 
introduction into American grassland agriculture has 
been reported (6). Current production in Florida oc- 
cupies more than 6,000 ha and is worth more than 

$1,000,000 (D. W. Jones, personal communication). 
The known production range of limpograss in the 

continental United States includes scattered plantings 
throughout Florida, localized areas in states fringing 
the Gulf of Mexico, and the Imperial Valley in Cali- 
fornia. After the introduction of four accessions in 
1964 (6), vegetative propagating stocks were distrib- 
uted to Hawaii, Mexico, Central America, northern 
South America (including Brazil), and the West 
Indies. Additional collections were made in 1971 (6) 
and 1976. 

The objectives of this study were to evaluate H. 
altissima germplasm for winter hardiness in field 
plantings and to further delineate its potential pro- 
duction range. 

Winter survival of forage crops under field condi- 
tions is affected by the latitude, elevation, exposure, 
and slope of the planting site; the type, fertility, and 
temperature and moisture-retention capacity of the 
soil; and the extent to which herbage is removed (2-5, 
11, 12). Consideration of all these factors and their 
complex interactions is beyond the scope of this study. 
The latitude and elevation and the minimum tempera- 
tures during the winter months are, however, con- 

1Contribution of the Science and Education Administration, 
USDA. 

2Research Agronomist, SEA, USDA, Beltsville, MD 20705. 

sidered; the last has previously been used as a criterion 
for evaluation of winter hardiness in another warm- 
season pasture grass, Digitaria (8, 9). 

MATERIALS AND METHODS 

All but one of the 53 limpograss clones tested 
originated in South Africa; the exception, P.I. 367897, 
came from Reunion Island. The ploidy levels in the 
genome composition of clones in the collection dem- 
onstrate its genetic diversity (13). One clone, P.I. 
364344 (2n=18), was collected in Lesotho at about 
1,600 m elevation, but most other clones came from 

elevations below 300 m at latitudes of 22-30° S. The 
vegetative propagation stocks used in these trials were 
supplied originally by the Germplasm Resources Lab- 
oratory, USDA, SEA, Beltsville, MD. 

Plantings were made at 24 locations in 13 states, 

including five plant hardiness zones (1). The avail- 
ability of propagating stocks determined the number 
of clones evaluated and the evaluation period at any 
given location; this resulted in different numbers of 
clones being evaluated for different periods at the 
various locations. Planting sites were selected so that 
they would provide information about the effect of 
climate on winter survival. The tests were conducted 
on a wide variety of soils at different elevations with 
various degrees of exposure. Major plantings were 
made at eight locations in four plant hardiness zones 
in six states in 1973, 1974, and 1975 (Table 1). Other 
plantings, containing fewer entries, were made in dif- 
ferent years in Alabama, Arizona, California, Louisi- 
ana, North Carolina, Texas, and Virginia. 

At the 24 locations, latitude ranged from 28 to 46° 
N; elevation, from 8 to 785 m; and minimum tempera- 
ture, from —1 to —18 CG, in Ft. Pierce, FL, and Pullman, 
WA, respectively, in each case. The minimum tem- 
peratures at the eight major locations during 1973-76 
ranged from —4 to —18 C (Table 1). 

All plantings were made early in the growing season 
so that the plants would be well established before the 
onset of the first winter. Cultivation and fertilization 
were in accordance with local practices. State experi- 
ment stations, USDA Soil Conservation Service Plant 
Materials Centers, and one USDA Plant Introduction 
Station were the chief cooperators. 

Winter survival was observed and recorded in late 
spring each year. Grasses in the major plantings were 
scored visually for survival of crowns within a plot by 
use of the scale: 0 = no survival, 1 = 1-20% survival, 
3 = 21-40% survival, 5 = 41-60% survival, 7 = 
61-80% survival, and 9 = 81-100% survival. Survival
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TABLE 1.—LATITUDE, MINIMUM TEMPERATURE, AND NUMBER OF LIMPOGRASS CLONES PLANTED AT EIGHT 
LOCATIONS IN FOUR PLANT HARDINESS ZONES. 

  

Min. temp (C) No of clones planted 

  

Location Latitude (N) 1973-74 1974-75 1975-76 1973 1974 1975 

Brooksville, FL 28° 337 — 6 —4 —4 37 
Gainesville, FL 29° 40’ — 6 —4 —5 53 
Americus, GA 32° 04/ —ll —6 —9 37 45 37 
Experiment, GA 33° 10/ — 8 —7 —13 42 
Coffeeville, MS 33° 59/ —ll —10 —13 19 
Clemson, SC 34° 41/ —ll —8 —13 42 
Beltsville, MD 39° 02/ —15 —12 —15 38 52 
Pullman, WA 46° 46/ —18 —ll —9 43 50 

  

ratings were analyzed statistically by use of Duncan’s 
Multiple Range ‘Test when possible. Some cooperators 
reported only survival vs. failure. 

RESULTS AND DISCUSSION 

The percent survival of each individual clone (Fig. 
1) is calculated from the number of times it survived 
divided by the total number of plantings in which it 
was included (“location-winters’”). For example, P.I. 
299039 was included in plantings at eight locations; it 
was evaluated for 1 year at four locations, 2 years at 
three other locations, and 4 years at still another loca- 

tion, for a total of 14 location-winters. ‘The lowest tem- 
perature survived by all 53 clones for at least one 
location-winter was —9 C; 22 clones, or about 40% of 
the collection, survived —15 C; and 5 clones survived 
—18 C (Fig. 1). Differential winter hardiness in H. 
altissima is also apparent when the clones are grouped 
according to overall percentage of survival, which 
ranged from 38 to 69% for 13 clones, 70 to 79% for 25 

clones, and 80 to 90% for 15 clones (Fig. 1). Although 
more than 75% of the clones tested survived at least 
70% of the location-winters, the data (Fig. 1) sub- 
stantiate the hypothesis that clones differ in ability to 
survive low temperatures. 

The clones introduced from South Africa in 1964, 

P.I.’s 299993, 299994, and 299995, have been evaluated 
more intensively than the other, newer introductions. 
The clone P.I. 299039 from Rhodesia, however, has 
received only limited attention because of its low pro- 
duction potential and its susceptibility to aphid dam- 
age (7). In the present study this clone survived three 
winters at Pullman, WA, at temperatures near —15 C, 
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Fig. 1.—Winter survival of 53 limpograss clones grown for 
variable periods at 24 locations in five plant hardiness zones. 

but died at Beltsville, MD, at similar temperatures. Its 
vigor was also low in Florida (S. C. Schank, personal 
communication). The other three clones are now in 
commercial production under the cultivar names 
‘Redalta’ P.I. 299993, ‘Greenalta’ P.I. 299994, and 
‘Bigalta’ P.I. 299995 (10). Their overall percentages of 
survival were 84%, 78%, and 76%, respectively (Fig. 
1). New plantings of all three clones survived at —15 C 
at Beltsville, but the year-old stands died at —12 C the 
next winter. These clones have survived —6 C at two 
Florida locations, Brooksville and Gainesville (Table 
1). New plantings of the diploid cultivars, ‘Redalta’ 
and ‘Greenalta’ (13), survived —7 C at Experiment, 
GA, and survived —13 C the next winter; the tetraploid 
cultivar, ‘Bigalta’, did not survive even the first winter. 

Of the newer introductions, P.I.’s 349797, 349798, 
364344, and 364891 were the most cold tolerant clones 
at Beltsville, MD. The clone P.I. 349798 also survived 
—13C at Clemson, SC, and its overall percentage of 

survival was 90% in 10 location-winters (Fig. 1). 
Newly established plantings of P.I. 364891 survived 
two winters at Beltsville, MD, at minimum tempera- 

tures of —12 and —15 CG, and five winters at Pullman, 
WA, during two of which the minimum temperature 
was —18 C. Four other clones, P.I.’s 364861, 364865, 
364876, and 364886, also survived at —18 C at Pull- 
man, WA (Fig. 1). Of all clones tested, P.I. 364344, 
from the high elevation in Lesotho, was most cold 
tolerant; its overall percentage of survival was 90% in 
31 location-winters, which included 18 locations. 

Differences in survival ratings were not statistically 
significant (P=0.05) among 17 of 20 clones, all grown 
in each of three locations (Americus and Experiment, 
GA, and Clemson, SC) in 1975-76. However, the sur- 
vival ratings of P.I.’s 349749 and 364863 were signif- 
icantly (P=0.05) higher than that for P.I. 364867; in 
addition, P.I. 364863 was superior to that of seven 
clones. The minimum temperatures and mean _per- 
centages of survival at Americus, Experiment, and 
Clemson for the winter of 1975-76 were —9 C and 
75%, —13 C and 85%, and —13 C and 85%, respec- 
tively. The mean survival rating at Clemson, 4.5, was 
significantly higher (P=0.05) than those of Americus 
and Experiment (3.0 and 3.3, respectively). Differences 
in mean survival ratings at the three locations are not 
obviously related to either minimum temperature or 
the number of days below freezing during the winter. 
The rating differences may be attributable to sub- 
jective differences in the use of the scale by evaluators. 
Ratings of the 20 clones tested at these three locations 
suggest that survival of P.I. 364863 is superior to that 
of the remaining 19 clones.
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Survival ratings were compared for 29 clones, all 
grown at both Americus and Experiment, GA. These 
clones were rated for the winters of 1973-74, 1974-75, 
and 1975-76 at Americus, and for the latter two winters 
at Experiment. At Americus, mean survival ratings 
were significantly (P=0.05) higher for the first two 
winters than for the third winter. The minimum tem- 
peratures for the three winters were —11, —6, and 
—9 G, respectively (Table 1). Survival ratings ranged 
from 2.7 to 8.0; that for P.I. 367897 was significantly 
(P-=0.05) higher than those for P.I. 347238 and P.I. 
364872, but there were no other significant differences 
among ratings. The low-temperature stress apparently 
was not sufficient to reveal many differences in winter 
hardiness. 

These 29 clones behaved similarly during the 
winters of 1974-75 and 1975-76 at Experiment, GA. 
‘The mean survival rating for the first winter, 4.9, was 
significantly (P=0.05) higher than that for the second 
winter, 3.5, with minimum temperatures of —7 and 

—13 C, respectively. Survival ratings ranged from 0 to 
7; one clone was lost the first winter and four were lost 
the next winter. The survival ratings of P.I.’s 364863, 
364888, 364889, and 364890 were significantly (P =0.05) 
higher than those of seven other clones: P.I.’s 349750, 
349753, 364862, 364867, 364868, 378086, and 379617. 

Like the mean survival ratings for each location, 
mean ratings for both Americus and Experiment com- 
bined were significantly (P=0.05) higher for the winter 
of 1974-75 (5.4) than for the winter of 1975-76 (3.5). 
The difference in the mean survival ratings for the two 
locations for the winter of 1975-76 was not significant 
(P=0.05). Five clones failed at Americus and four at 
Experiment during that winter; two of these failed at 
both locations. ‘The behavior of all clones was generally 
similar at these two locations. 

~ These results are indicative of the genetic variabil- 
ity within H. altissima. The winter-hardy germplasm 
identified in this study may be used to expand the pro- 
duction range and extend the effective grazing period 
of limpograss in the contiguous United States. The 
production range of limpograss may be extended to 
higher elevations in the Tropics and subtropics 
through the use of this cold-tolerant germplasm. This 
winter-hardy germplasm may be used in plant improve- 
ment programs or in its unaltered form. 
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Reaction of Stylosanthes hamata (L.) Taub. Indigenous to 
Southeast Florida to Colletotrichum gloeosporioides (Penz.) Sace. 

R. M. Sonopa AND J. B. BROLMANN 

ABSTRACT 

Colletotrichum gloeosporioides (Penz.) Sacc. was 
the only species of Colletotrichum isolated from dark 
lesions on leaves of native Stylosanthes hamata (L.) 
‘Taub. grown at the Agricultural Research Center, Fort 
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Pierce (ARC-FP) in the summer of 1979. In a survey 
made in the summer of 1979, C. gloeosporioides was 
not found in native stands of S. hamata along the 
southeast coast of Florida. S. hamata clones collected 
from 36 locations throughout the southeast coastal 
areas of Florida were inoculated with a spore suspen- 
sion made with eight isolates of C. gloecosporioides ob- 
tained from lesions on S. hamata at the ARC-FP. About 
58% of the collection was not infected and 33% was 
lightly infected. Three clones had a moderate level of 
leaf and stem lesions. Most native Florida S. hamata
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genotypes appear to be resistant to or only lightly 
affected by the strain or strains of C. gloeosporioides 
present in southeast Florida. 

Additional Index Words: Anthracnose. 

Stylosanthes hamata (L.) Taub. accessions have 
shown promise as forage in the tropics and subtropics, 
including south Florida (1). Several endemic S$. hamata 
ecotypes collected from stands in southeast Florida are 
being tested for forage use in south Florida (1). 
Anthracnose incited by Colletotrichum gloeosporioides 
(Penz.) Sacc. is a limiting factor in the use of 
Stylosanthes spp. for forage in various parts of the 
tropics and subtropics (J. M. Lenne, Centro Inter- 
nacional de Agricultura Tropical, personal communi- 
cation). C. gloeosporioides was found affecting 
Stylosanthes spp., including S$. hamata, in Florida in 
1971 (11). Several S. hamata accessions native to south- 
east Florida were naturally infected with Colletotri- 
chum spp. when planted in pots at the Agricultural 
Research Center, Fort Pierce (ARC-FP) in 1974 (10). 
No Colletotrichum lesions were found on S. hamata in 
a limited survey of native stands of the plant in Palm 
Beach and Dade counties in 1973 (8). A second 
Colletotrichum spp., S. dematium f. sp. truncata 
(Schw.) v. Arx, was isolated from Stylosanthes spp. in 
1978 and was pathogenic to S. hamata in pathogenicity 
tests (5). 

The objectives of the present work were to: deter- 
mine relative incidence of C. gloeosporioides and C. 
dematium f. sp. truncata in S. hamata plantings at 
the ARC-FP, survey native stands of S. hamata 
along the southeast coast of Florida for presence of 
Colletotrichum spp., and to determine relative suscep- 
tibility of collections of S. hamata native to southeast 
Florida to C. gloeosporioides. 

MATERIALS AND METHODS 

Native stands of S. hamata were surveyed in July, 
1979 for presence of Colletotrichum lesions. Observa- 
tions were made at approximately 45 different loca- 
tions where S. hamata was found, from Stuart south to 
Miami. 

Leaves with dark lesions were collected from a 
planting at the ARC-FP of two Florida accessions of 
S. hamata. Small pieces of diseased tissue (approxi- 
mately 25 mm?) were surface sterilized in 0.525% 
NaOCl, blotted on paper towels, and plated on oat- 
meal agar (OMA) (4). The plates were incubated on 
the laboratory bench (25 to 29 C) for 5 to 10 days. 
Identification of the fungi developing on OMA was 
made directly on the plates or by transferring mycelia 
and spores to microscope slides. Eight isolates identified 
as C. glocosporioides were transferred to fresh OMA 
and maintained by serial transfers on OMA. 

Inoculum of C. gloeosporioides was increased by 
spreading spores from a 4-day-old culture grown on 
OMA on a fresh OMA plate with a sterilized 5-mm 
diameter glass rod with a rounded end and incubating 
the cultures at room temperature (25 to 29 C) for 5 
days. Spores formed on these plates were suspended in 
sterile distilled water. Spore suspensions from eight 
isolates were combined and spore concentration ad- 
justed to 9 x 10° spores per ml. 

Stem cuttings (8 to 10 cm) were made for single 
plants in 36 stands of S. hamata from Hobe Sound to 
Miami and from seven plants each within one city 
block areas in Deerfield Beach and Miami. Stem cut- 
tings were also made from accession 7303, an accession 
obtained from Riviera Beach, FL in 1971, showing 
promise for forage but whose yield at the ARC-FP was 
reduced by C. gloeosporioides (6). The cuttings were 
placed in dune sand from Ft. Pierce or in virgin 
Oldsmar fine sand in plastic trays in the greenhouse. 
In 4 weeks, rooted cuttings were transplanted to a 50% 
mixture of virgin Oldsmar fs and dune sand in 180 ml 
styrofoam cups. After transplanting, the plants were 
grown for 4 more weeks before inoculation with C. 
gloeosporioides. 

The cups with S. hamata cuttings were placed 
randomly in plastic bags. There were four replicates 
of two plants of each accession. The plants were 
sprayed with the suspension of C. glocosporioides with 
an atomizer. The bags were closed after inoculation 
and plants incubated at room temperature (26 to 29 C) 
for 40 hrs. The cups were removed from the bags and 
placed on a greenhouse bench in a randomized com- 
plete block arrangement. Eight days after inoculation, 
disease incidence was recorded and a disease severity 
index (DSI) calculated (11). The rating system used 
was | = no lesions, 2 = | to 3 lesions per plant, 3 = 4 
to 8 lesions per plant, 4 = scattered lesions, 5 = some 
defoliation, and 6 = plants dead. There were between 
five and eight true leaves per cutting. 

RESULTS 

No Colletotrichum spp. lesions were found on S. 
hamata in any of the stands surveyed along the south- 
east coast of Florida. A light incidence of lesions in- 
cited by Curvularia spp. was found in some of the 
stands. 

C. gloeosporioides was consistently isolated from 
dark lesions on S$. hamata at the ARC-FP. No. C. 
dematium f. sp. truncata was isolated. 

Most of the 36 accessions of S. hamata collected 
from throughout southeast Florida were not infected 
(58%) (Fig. 1) or only lightly affected (DSI of 1.1 to 
2.0) (33%). Only three accessions were moderately 
affected (DSI 2.1 to 3.0). The high F value for treat- 
ment, 23.99, on analysis of variance indicated that 
there were significant differences in susceptibility be- 
tween the different accessions. 

There was no statistical difference in susceptibility 
between plants within a city block. Plants from ac- 
cession 7303 were severely affected with a DSI of 3.5. 

DISCUSSION 

The absence of C. gloeosporioides from native 
stands of S. hamata in southeast Florida and its pres- 
ence in experimental plantings of plants arising from 
seed imported from other areas of the tropics and sub- 
tropics where the pathogen was reported earlier (11) 
indicate that the pathogen was introduced to Florida. 
The fungus is seed-borne and was probably introduced 
on seed contaminated with the fungus. The disease 
was found in Ft. Pierce in 1971. The reason that the 
fungus has not spread to native S. hamata stands is 
unknown. 

The most susceptible Florida S. hamata so far
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Fig. 1.—Distribution of disease severity ratings for Stylosanthes 
hamata ecotypes native to south Florida inoculated with Col- 
letotrichum gloeosporioides. 

found, accession 7303, is not killed by the fungus. 

Foliage production and possibly stem growth is low- 
ered, however. Accession 7303 and other susceptible 
native S. hamata may be less able to compete under 
natural conditions if C. gloeosporioides was intro- 
duced into the native stands. If the pathogen is intro- 
duced to native S. hamata stands, the relatively high 

tolerance of most native S$. hamata to the C. gloeo- 
Sporioides strain or strains present in Florida, however, 
will probably prevent this disease from having much 
impact on the total S. hamata stand. There are other 
strains of C. gloeosporioides pathogenic to Stylosanthes 
spp. in other parts of the world (3, 9), however. Some 
of these may cause more severe damage to S. hamata 
indigenous to south Florida if introduced. Efforts 
should be made to keep other strains of C. gloeo- 
sporioides from entering Florida. Treatment with 
sulfuric acid has been found to reduce or eliminate 
inoculum of the pathogen from seeds (2). 

C. gloeosporioides appears to be the more im- 
portant of the two Colletotrichum spp. reported on S. 
hamata. C. dematium f. sp. truncata was isolated only 

once from S$. hamata at the ARC-FP in 1977 (7). 
Further isolations at different times of the year will be 
needed to determine if the ratio of C. gloeosporioides 
to C. dematium f{. sp. truncata infections are deter- 
mined by seasonal differences. 

Other native Florida S. hamata ecotypes apparently 
more resistant to the strains of C. gloeosporioides pres- 
ent in Florida will have to be tested for forage po- 
tential as possible replacement for accession 7303, 
which has good agronomic characteristics but whose 
yield is greatly affected by the disease. It may also be 
possible to develop resistant S$. hamata lines with 
agronomic characters similar to accession 7303 by 
breeding. No work, however, has yet been done to 
determine the mechanism of inheritence of resistance 
of Stylosanthes spp. to C. gloeosporioides. 
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Effect of Nematicides and Application Methods on 
Sting Nematode Control, Root Nodulation, 

and Yield of Soybeans’ 

H. L. RHoApDEs? 

ABSTRACT 

In-row applications of the soil fumigants, DBCP 

and EDB, at 13.4 and 35.8 kg/ha, respectively, and the 

1Florida Agricultural Experiment Station Journal Series No. 
2137. 

2Nematologist, AREC-Sanford, P. O. Box 909, Sanford, FL 
32771. 

nonvolatile nematicides, phenamiphos, carbofuran, 
aldicarb, oxamyl, and ethoprop at 2.2 kg/ha effec- 
tively reduced populations of the sting nematode, 
Belonolaimus longicaudatus, Rau, 1958, and signif- 
icantly increased yields of soybean (Glycine max (L.) 
Merr.). Both control of B. longicaudatus and yield 
increases were similar when granular formulations of 
phenamiphos, carbofuran, aldicarb, and oxamyl were
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applied as 38-cm bands incorporated 5-8 cm deep just 
prior to planting, as 25-cm bands pressed into the soil 
surface by the press wheel of the planter, and in the 
seed furrow. None of the nematicides, or methods of 
application adversely affected root nodulation from 
Rhizobium japonicum. Severe phytotoxicity and yield 
reduction occurred in ethoprop treated plots following 
application of the herbicide, metribuzin. This ap- 
peared to be caused by an interaction between these 
materials. 

Additional Index Words: Belonolaimus longi- 
caudatus, Glycine max, Rhizobium japonicum, Metri- 
buzin, Soil fumigants, Nonvolatile nematicides. 

Numerous nematodes cause serious injury to soy- 
beans (Glycine max (L.) Merr.). One of the most 
destructive is the sting nematode, Belonolaimus longi- 
caudatus, Rau, 1958, when the crop is produced on the 
fine sandy type soils of Florida. Soybean is an excellent 
host of this nematode (8) and populations increase 
rapidly during the growing season, often resulting in 
heavy yield losses. Several workers (2, 4, 5, 7) have re- 
ported increased yields of soybeans in recent years 
through control of various nematodes with nemati- 
cides, and Sasser et al. (7) found that the sting nema- 
tode was effectively reduced and yields increased sig- 
nificantly by the soil fumigant, DBCP, and the non- 
volatile nematicides, carbofuran and ethoprop. 

In addition to the efficacy of the various nematicides 
for controlling nematodes, additional information is 
needed on their effects on root nodulation from 
Rhizobium japonicum under Florida conditions. 
Reddy and Kumar Rao (6) reported no deleterious 
effect on nodulation from recommended doses of 
fensulfothion, oxamyl, methomyl, carbofuran, and 
aldicarb in India. 

The primary purpose of the experiments reported 
here was to study the effects of selected volatile and 
nonvolatile nematicides and application methods on 
control of the sting nematode, root nodulation, and 

yield of soybeans under field conditions in Florida. 

MATERIALS AND METHODS 

Single experiments were conducted in 1977 and 
1978 on Myakka fine sand at the Agricultural Research 
and Education Center, Sanford, Florida. Populations 
of sting nematodes had developed to injurious levels 
on winter cover crops of rye grown prior to the experi- 
ments. Other plant parasitic nematodes present but in 
numbers too low to significantly affect yields were 
Paratrichodorus christiet (Allen, 1957) Siddiqi, 1973, 
and Hoplolaimus galeatus (Cobb, 1913) Sher, 1961. 
The experiments were of randomized complete block 
design with five replicates. Plots were 1.52 m wide (2 
rows) and 12.2 m long. 

Nematicides included were: 
(1) 1,2-dibromo-3-chloropropane (DBCP) 
(2) 1.2-dibromoethane (EDB) 
(3) ethyl 4-(methylthio)-m-tolyl isopropylphosphorami- 

date (phenamiphos) 
(4) 2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcar- 

_bamate (carbofuran) 
(5) 2-methyl-2-(methylthio) propionaldehyde O-(methyl- 

carbamoyl)oxime (aldicarb) 

(6) methyl n’, N’-dimethyl-N-[(methylcarbamoyl)oxyl]- 
1-thiooxaminidate (oxamyl) 

(7) O-ethyl S,S-dipropyl phosphorodithioate (ethoprop) 
The soil fumigants, DBCP and EDB, were applied 

in 1977 and 1978, respectively, for comparison with the 
nonvolatile materials. Both were injected 15-18 cm 
deep in-the-row with a single chisel at rates of 13.4 
kg/ha of DBCP and 35.8 kg/ha of EDB the day before 
planting. The nonvolatile materials were applied as 
granular formulations in-the-row at 2.2 kg a.i./ha. All 
were applied in 38-cm bands and incorporated 5-8 cm 
deep with spiked rotary wheels just prior to planting 
and as 25-cm bands between the planting shoe and 
press wheel during the planting operation. In addition, 
all but «thoprop were applied in the seed furrow dur- 
ing the j lanting operation as a third method. “Bragg”, 
a variety of soybean resistant to the southern root-knot 
nematod: (Meloidogyne incognita), was planted in 
both experiments with a granular formulation of 
Rhizobium japonicum drilled just below the seed 
level. Cultural practices, in general, were consistent 
with normal practices of the area. A herbicide was not 
used in 1977 but metribuzin was applied on all plots 
in 1978. Sixty days after seeding, six random plants 
were dug from each plot and the nodules counted. Soil 
samples consisting of five random cores from each plot 
were collected approximately 8 weeks after planting 
for nematode population determination by centrifugal- 
flotation (3). Soybean yield data were obtained by 
harvesting 4.57 m of row from the center of each plot. 

RESULTS AND DISCUSSION 

The data in Table 1 indicate that none of the 
nematicides or the method of application adversely 
affected root nodulation. Although the number of 
nodules was highly variable on individual plants, 
average numbers were not significantly different from 
those from check plots. 

All of the nematicides greatly reduced sting nema- 
tode populations; the soil fumigants and phenamiphos 
provided the best control. Although there was con- 
siderable variation in population counts, the data indi- 
cated that application method made little difference in 
the efficacy of the three methods of applying the gran- 
ular materials. Excellent growth and yield responses 
were obtained from all nematicide treatments (Table 
1). Yield increases were significantly higher for all 
treatments over check plots except for ethoprop ap- 
plied in the 25-cm band in 1978. This reduction in 
yield for ethoprop in 1978 as compared to 1977 ap- 
parently was caused by severe phytotoxicity from an 
interaction of this material and the herbicide, metri- 

buzin. Symptoms, beginning approximately 2 weeks 
after planting, consisted of chlorosis, leaf burn, stunt- 

ing, and some loss of stand. Although considerable 

recovery occurred later, final yield was greatly reduced. 
Some of these symptoms also occurred at the same time 
in the treatments from phenamiphos; however, they 

were much less severe and there appeared to be com- 
plete recovery with little or no loss in yield. This 
phenomenon has occurred before when metribuzin was 
applied following application of organophosphorus 
nematicides (1) and similar combinations should be 
avoided. No injury resulted from metribuzin in com- 
bination with the carbamate or carbamoyl materials, 
carbofuran, aldicarb, and oxamy].
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TABLE 1.—EFFECT OF NEMATICIDES ON STING NEMATODE POPULATIONS, ROOT NODULATION, AND YIELD 
OF SOYBEANS. 

  

  
  

Rhizobium Sting Yield 
Application nodulest Nematodest (kg/ha) 

Treatment 1977 1978 1977 1978 1977 1978 

Check — 86 48 96 75 1949 1613 

DBCP, 13.4 kg/ha Chisel 95 — 18 os 4301 — 

EDB, 35.8 kg/ha W — 59 —_— 2 —_—. 3696 

Phenamiphos, 2.2 kg/ha 38-cm band 69 62 2 4 3965 3763 
us ie i“ 25-cm ” 105 71 1 2 3763 3427 
7 ee L. seed furrow 96 82 I 17 4435 3696 

Carbofuran, ” Ly 38-cm band 86 45 36 27 4099 3494 
a ig i yom  ” 75 64 38 28 3898 3A27 
2 ae seed furrow 85 43 14 34 3898 2822 

Aldicarb, u D 38-cm band 68 54 19 7 3965 3293 
Us Ww My 25-cm ” 95 64 25 11 4032 3427 
" " " seed furrow 88 52 32 20 3898 2957 

Oxamyl, ty us 38-cm band 53 50 49 44 3965 3226 
UL a a 25-cm ” 95 58 63 19 3965 3427 
" " " seed furrow 63 52 63 21 3629 3091 

Ethoprop, Ye @ 38-cm band 69 33 36 24 4032 2554 
4 " " 25-cm ” 62 43 29 46 3898 2083 

LSD .05 N.S. 25 739 874 
01 34 1008 1156 
    

+—Average number per plant. 
{Average number of sting nematodes extracted from 100 cc of soil. 

Although most of the materials used in these tests 
also possess insecticidal properties and may have in- 
creased growth and yield in part through control of 
insects, it appears that most of the benefit came 

through control of the sting nematode. ‘Treated plots 
not only had increased growth and yield, but had 

plants with much larger root systems and greatly re- 
duced nematode injury symptoms. 
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Forage Production From Pearl Millet Following Rye and 
Ryegrass Fertilized With Sulfur-Coated Urea’ 

L. S. DUNAVIN? 

ABSTRACT 

_ ‘The use of fertilizer materials with a slow release 
rate has accentuated the need to determine the value 
of residuals to succeeding crops. This investigation was 
conducted over a period of two years to ascertain the 
value of residuals by determining yield and nitrogen 
«N) uptake by pearl millet [Pennisetum americanum 

1Florida Agric. Exp. Stn. Journal Series No. 400. 
2Associate professor (associate agronomist), Agric. Res. Center, 

IFAS, Univ. of Florida, Jay, FL 32565. 

(L.) K. Schum.] when it followed rye (Secale cereale L.) 
and ryegrass (Lolium multiflorum Lam.) fertilized 
with sulfur-coated urea (SCU) and ammonium nitrate 
(AN). Compositions of SCU having dissolution rates of 
10, 20, and 30% (dissolution in water in 7 days) were 
each applied to the winter crops at annual rates of 100, 
200, and 400 kg/ha of N. Ammonium nitrate was ap- 
plied at the same rates of N in one or three applica- 
tions. Additional AN was applied to millet at 50, 100, 
and 200 kg/ha of N on plots which had received 100 
kg/ha of N from AN during the rye and ryegrass



PROCEEDINGS, VOLUME 39, 1980 93 

period. Yields of millet were highest where summer 
applications of AN were made; however, there was no 
statistical difference (Tukey’s HSD, P < 0.05) between 
these yields and yields from the SCU-20 treatment. 
Nitrogen uptake was highest where AN was applied to 
the millet during the summer, but, statistically, this 
exceeded only the uptake from the treatment consist- 
ing of SCU-10 applied to the preceding crop of rye and 
ryegrass and the uptake when three applications of AN 
were applied to the preceding crop. 

Additional Index Words: Residual nitrogen, Nitro- 
gen uptake, Pennisetum americanum, Secale cereale, 
Lolium multiflorum. 

  

Sulfur-coated urea (SCU) has been under study for 
some time as a slow-release nitrogen (N) fertilizer. 
Allen et al. (1968) gave a general discussion of some 
early work with this fertilizer, showing a better distri- 
bution of protein during the growing season, more 
even yields per cutting, and indications that SCU re- 

leases N faster with increasing soil temperatures. An- 
other review of research with SCU was presented by 
Diamond and Myers (1972) in which they indicated 
the superiority of SCU over uncoated urea in experi- 
ments with rice, bermudagrass, and sugarcane. Terman 
and Hunt (1964) observed that coating urea with sul- 
fur (S) reduced the apparent loss of N as ammonia 
from surface applications of fertilizer. 

Dunavin (1975) found that the highest yields from 
rye (Secale cereale L.) and ryegrass (Lolium multi- 
florum Lam.) were obtained when ammonium nitrate 
(AN) was applied in three applications at 400 kg/ha 
rate of N, but that SCU seemed to be a good alternative 

to multiple applications of AN. 
Allen et al. (1971) found that dissolution rates of 

SCU granules were decreased by heavier coating with 
S, that the SCU dissolution rate was very temperature 
dependent, and that SCU exhibited good stability at 

10 C. They suggested that fall and winter N applica- 
tions could be made in southern states if a suitable 
formulation was used that protected the N from leach- 
ing and/or denitrification during winter and allowed 
the N to become available with the warming of the soil 
in spring. 

Broyles and Fribourg (1959) found that with in- 
creases in N fertilization from 0 to 134.4 kg/ha there 
was an increase in dry matter yields and N content of 
harvested Gahi-1 millet. 

Hoveland et al. (1967) found that ‘Gahi-l’ pearl 
millet [Pennisetum americanum (L.) K. Schum.] re- 
sponded to as much as 358.4 kg/ha of N but suggested 
the practicality of lower rates. 

Blue (1977), utilizing two slowly available SCU 
materials and AN for Pensacola bahiagrass (Paspalum 
notatum Flugge) on a Spodosol, found forage produc- 
tion and N content distribution was not drastically 
altered by the slow release materials when compared 
with AN. 

This paper is concerned with ascertaining the value 
of residual N from SCU. Gahi-1 pearl millet, a summer 
annual, following a winter forage crop of ‘Wrens 
abruzzi’ rye and ‘Gulf’ ryegrass was used as the test 
crop. Dry forage yields and N uptake were determined. 

METHODS AND MATERIALS 

Plots (2.4 X 4.8 m) were located on a Red Bay fine 
sandy loam soil (Rhodic Paleudult). Rye and ryegrass 
were planted in the fall and fertilized with SCU hav- 
ing 10, 20, and 30% dissolution rates (dissolution in 
water in 7 days) with N rates of 100, 200, and 400 
kg/ha of N at each dissolution rate. Ammonium ni- 

trate was applied to the rye and ryegrass in treatments 
of one or three applications per year at annual rates of 
100, 200, and 400 kg/ha of N. Three plots in each rep- 
lication were fertilized with AN during the rye and 
ryegrass period of 100 kg/ha of N in preparation for 
the three treatments consisting of summer applications 
of AN at 50, 100, and 200 kg/ha of N to millet. Four 
replications were utilized in the randomized block ex- 
periment. The data were subjected to an analysis of 
variance and the Duncan (1955) Multiple range test. 
A regression analysis was performed on the two-year 
data and ‘Tukey’s HSD was utilized. 

Gahi-1 pearl millet was used as the summer forage 
crop. Millet was seeded at 28 kg/ha on 24 May 1972 
with a grain drill, and prior to seeding, 49.3 kg/ha 
phospliorus (P) and 93 kg/ha potassium (K) were 
applial broadcast. Summer N applications were split 
and applied on 21 June and 7 August, 1972. Millet was 
harvested on 1 August and 19 September, 1972, and 
yield was determined from a 1.1 X 4.8 m swath cut 
from the center of the plot. 

In 1973, millet was seeded in rows 4.87 m long 
spaced 0.9 m apart with three rows per plot. The seed- 
ing rate was 11.2 kg/ha. Summer N applications were 
made on 16 July and 27 August, 1973. The millet was 
harvested on 24 July, 23 August, and 25 September, 
1973. using the center row in each plot for yield de- 
terminations. The millet was sprayed in August and 
September, 1973, with 2.24 kg/ha carbaryl (1 naphthyl- 
methylcarbamate) to control chinch bugs (Blissus 
leucopterus Say). Nitrogen determinations were made 
each year by the Kjeldahl method from material ob- 
tained from sub-samples which were taken at each 
harvest and oven-dried. 

Sulfur was considered to be adequate because of 
the high S content in the rainfall of this area due to 
the close proximity to large industrial plants. 

RESULTS AND DISCUSSION 

Yields were highest, and there was no difference in 

the yields among the treatments where 100 or 200 
kg/ha of N were added to the millet or where 400 
kg/ha of N had been applied to the previous crop by 
either SCU or AN with no additional N (Table 1). 
An exception was the treatment where AN at 400 
kg/ha was split in three applications to the preceding 
crop. The yield for this treatment was lower and not 
statistically different from the check. 

The yields where AN had been applied once to the 
preceding crop at a 200 kg/ha rate with no additional 
N to millet were not significantly different from the 
yields where either 50 or 100 kg/ha of N were added 
to the millet during the summer. This was not true, 
however, of the yields where 200 kg/ha of N had been 

applied to the preceding crop in the form of SCU or 
AN applied in three applications. 

The highest recoveries were obtained where an 
additional 200 kg/ha of N were applied to the millet,
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TABLE 1.—AVERAGE YIELD OF DRY FORAGE FROM MILLET FOR TWO 

YEARS FOLLOWING THE APPLICATIONS OF AMMONIUM NITRATE AND 

‘SULFUR-COATED UREA TO THE PRECEDING CROPS OF RYE AND RYEGRSS 

  

  

FORAGE. 

Applications/ 
Amount to Additional Oven-dry 

Preceding Crop N to Millet Forage Yield 

Fertilizer} (kg/ha of N) (kg/ha) (kg/ha)t 

Ammonium Nitrate 3/400 0 5,630def 

‘Ammonium Nitrate 3/200 0 5,140ef 
Ammonium Nitrate 3/100 0 4,810ef 

‘Ammonium Nitrate 1/400 0 7,450ab 

Ammonium Nitrate 1/200 0 6,400bcde 

Ammonium Nitrate 1/100 0 4,760£ 

Ammonium Nitrate 1/100 50 5,990bcdef 

Ammonium Nitrate 1/100 100 7,090abcd 
Ammonium Nitrate 1/100 200 8,500a 

SGU-30 1/400 0 7,220abc 
SCU-30 1/200 0 5,880cdef 
SCU-30 ~ 1/100 0 4,980ef 
SCU-20 1/400 0 8,200a 
‘SCU-20 1/200 0 5,800cdef 
SCU-20 1/100 0 5,550def 
‘SGU-10 1/400 0 6,960abcd 
‘SCU-10 1/200 0 5,150ef 
‘SGU-10 1/100 0 5,630ef 
Check 0 0 4,710£ 

  

+SCU = Sulfur-coated urea at dissolution rates of 10, 20, and 

3 0,%Ge 
Means followed by the same letter are not significantly differ- 

ent at the .05 level. 

but this was not different from the yields where 400 
kg/ha of N had been supplied to the previous crop as 
SCU-20, SCU-30, or AN applied in one application 
(Table 2). The treatment where 400 kg/ha of N was 
supplied as SCU-10 to the previous crop produced a 
‘yield in the second statistical level, while that where 
400 kg/ha of N was supplied by AN in three applica- 
tions was not statistically different from the check. 

TABLE 2.—AVERAGE RECOVERY OF NITROGEN BY MILLET FOR TWO 

YEARS FOLLOWING THE APPLICATION OF AMMONIUM NITRATE AND 

SULFUR-COATED UREA TO THE PRECEDING CROPS OF RYE AND RYEGRASS 

  

  

FORAGE. 

Applications/ 
Amount to Additional Nitrogen 

Preceding Crop N to Millet Recovered 
Fertilizer} (kg/ha of N) (kg/ha) (kg/ha)t 

Ammonium Nitrate 3/400 0 77.6cde 
Ammonium Nitrate 3/200 0 71.5de 
‘Ammonium Nitrate 3/100 0 56.3e 
Ammonium Nitrate 1/400 0 123.0ab 
Ammonium Nitrate 1/200 0 79.3cde 
Ammonium Nitrate 1/100 0 54.3e 
Ammonium Nitrate 1/100 50 67.8e 
Ammonium Nitrate 1/100 100 84.2cde 
“Ammonium Nitrate 1/100 200 134.7a 
SCU-30 1/400 0 107.0abc 
‘SCU-30 1/200 0 74.8de 
SCU-30 1/100 0 58.3e 
‘SCU-20 1/400 0 122.0ab 
SCU-20 1/200 0 68.4e 
SCU-20 1/100 0 76.6cde 
‘SCU-10 1/400 0 102.9bed 
SCU-10 1/200 0 72.7de 
SCU-10 1/100 0 65.4e 
Gheck 0 0 544e 

  

+SCU = Sulfur-coated urea at dissolution rates of 10, 20, and 
30%. 

. tMeans followed by the same letter are not significantly differ- 
‘ent at the .05 level. 

It is interesting to note that the yields for the pre- 
ceding crop (rye and ryegrass) were highest where 400 
kg/ha of N had been supplied by AN applied in three 
applications and that N recovery of rye and ryegrass 
was also in the highest level for this treatment (Dun- 
avin 1975). This may help to explain why there was 
less residual N available from this treatment for the 
millet crop. 

A graph indicating calculated yields of dry millet 
forage is shown in Fig. 1. The superior treatment ap- 
pears to be that which consists of adding AN to millet 
during the summer on an area which received one ap- 
plication of 100 kg of N from AN to rye and ryegrass 
during the preceding cool season; however, this treat- 
ment was not statistically different (Tukey's HSD, 
P < 0.05) from the treatment consisting of the applica- 
tion of SCU-20 to the preceding crop of rye and rye- 
grass. The treatments of SCU-20, AN-1 (ammonium 
nitrate applied once to the preceding crop), SCU-30, 
and SCU-10 were not significantly different from each 
other, nor did the treatments SCU-30, SCU-10, and 
AN-3 (ammonium nitrate applied in three applica- 
tions to the preceding crop) differ from each other. 

The calculated N uptake by millet is indicated by 
the graph in Fig. 2. As was true for yield, the higher 
uptake apparently occurred under the treatment of AN 
added to millet during the summer on an area which 
received one application of AN to rye and ryegrass 
during the preceding cool season. From a statistical 
standpoint (Tukey’s HSD, P < 0.05), the N uptake 
under this treatment exceeded only the uptake for the 
treatment of SCU-10 applied to the preceding crop of 
rye and ryegrass and the treatment of three applica- 
tions of AN applied to the preceding crop. None of the 
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Fig. 1.—Dry Forage Yield of Millet. 
Those treatments followed by the same letter are not significantly 
different at the 0.05 level.
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Fig. 2.—Nitrogen Uptake by Millet. 
Those treatments followed by the same letter are not significantly 
different at the 0.05 level. 

treatments, except that in which AN was applied in the 
summer, differed statistically. 

Rust (Puccinia substriata Ell. & Barth. Var, indica 
Ramachar and Cuum.) was prevalent in 1972 on millet, 
and chinch bugs presented a problem in 1973 on millet. 
These factors reduced yields; however, it was believed 
that the value of the study was not seriously affected. 
The results are indicative of the effectiveness of addi- 
tional N applications during the growing period of 
millet following rye and ryegrass, but there appeared 
to be considerable value obtained from residual N 
derived from SCU which had been applied to the pre- 
ceding crop of rye and ryegrass. 

CONCLUSION 

Summer-applications of N to millet would generally 
be desirable; however, there are indications that the 
application of SCU-20 (up to 200 kg/ha of N) to rye 
and ryegrass may be as effective, in so far as yield and 
N uptake of a succeeding crop of millet are concerned, 
as the application of up to 200 kg/ha of N to millet on 
an area which received 100 kg/ha of N to the preceding 
crop of rye and ryegrass. This would seem to be of in- 
terest from the standpoints of cost and energy ex- 
pended; however, some questionable points may indi- 
cate the need for further study. 
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Rates of Decline in Productivity of Florida Sugarcane’ 

Jose ALVAREZ, GERALD Kipper, ‘THOMAS H. SPREEN, 
AND DONALD R. CRANE, JR.? 

ABSTRACT 

Sugarcane (Saccharum Spp.) is harvested in south 

Florida during the fall and winter. Each ratoon crop 

is generally less productive than the previous crop. 

The rate of decline in net tonnage productivity was 

estimated for nine soil type/variety combinations 
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fessor and former Graduate assistant, respectively, Food and Re- 

source Economics Department, University of Florida, Gainesville, 

FL 32611. 

using regression analysis. Results showed an ex- 
ponential rate of decline for all combintions, decreas- 
ing 16 to 24% between the plant and first ratoon crop, 
and 7 to 15% between the first and second ratoon 

crops. Several factors interact in decreasing yields and 
caution should be exercised in generalized comparisons 
using the equations presented. 

Additional Index Words: Saccharum Spp., Re- 
gression analysis. 

  

INTRODUCTION 

There are about 160 thousand hectares of land de- 

voted to sugarcane, (Saccharum Spp.) in the Everglades
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agricultural area. The crop is harvested during the fall 
and winter. Sugarcane is allowed to ratoon and it is 
possible to obtain several crops from the same planting. 
Each ratoon crop is in general less productive than the 
previous crop and replanting occurs when tonnage 
drops to a level unacceptable to the producer. 

In an earlier study, Kidder (4) looked at produc- 
tion differences between plant and ratoon crops in 
Florida. The results proved valuable for modeling 
sugarcane production systems, helping growers in their 
decision making, and providing a necessary input into 
the breeding research program. Limitations of the 
study included the use of data containing only one 
variety and mostly one soil type, obtained from re- 
search plots which generally experience better care 
than commercial fields. 

The purpose of this paper is to quantify the rates 
of decline in productivity of commercial sugarcane for 
several variety/soil type combinations. This article is 
part of a major project (2) recently finished with the 
main objective of developing yield prediction and 
stubble replacement models. Results of the complete 
study will be reported elsewhere (3). 

MATERIALS AND METHODS 

Data used came from commercial records for fields 
representative of different geographical areas within 
the Everglades and under six management firms. Fields 
were randomly chosen. Only those which had at least 
10 years of useable data were analyzed. 

When the mean values for net tons of cane were 
plotted against the year of crop cycle, the resultant 
graph resembled Figure 1. Thus, the decline in yield 
from year to year was assumed to be fairly regular and 
mathematically expressed. 

Since net tonnage seemed to decline exponentially 
with year of crop cycle, that relationship was hypothe- 
sized to be 

(1) E,E = D,e-‘,) ¥ + €, where 
E,E = net tonnage, 
D, = dummy variable for the g“ soil type/variety 

group as described in Table 1, 
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Fig. 1.—Typical relationship of net tons of cane to year of 
crop cycle. F 

pe = vate of decline in net tonnage productivity, 
Y = year of crop cycle, and 
€ =random disturbance. 

‘Taking the natural logarithm of both sides of (1) 
ave 

(2) In (E,) = In (D,) ~p,¥ + In (©. 
Equation (2) was estimated with linear regression 

for each group to obtain the values of p and check the 
statistical significance of the coefficients obtained. The 
values obtained, however, were the result of isolating 
the effect of year of crop cycle on net tonnage produc- 
tivity. To obtain more reliable coefficients for the p’s 
it was necessary to account for the influence of many 
explantory variables other than year of crop cycle. The 
following equation was estimated: 

(3) NT =f (A, F, U, E, M,, X, W,, O, H, B,, D,), 
where 

NT = Net tons of sugarcane per hectare; 
A  =accumulated degree days for the period 

April through August, where degree days 
for a single day are determined following 
[1] as Ag = max (O, [A max — A min)/2] — 
60), and A max and A min are highest and 
lowest temperatures recorded for the day in 
degrees Fahrenheit; 

F, = 1, if the observation is from firm i (i = 1, 
6 om (Bs 

= (1) otherwise; 
U_ =1, if the observation is for plant cane suc- 

cessively planted; 
0 otherwise; 
as defined in (1); 

M, 1, if cane was mechanically harvested in 
previous season; 

= 0 otherwise; 
X = distance from the field to Lake Okeechobee, 

rounded to the nearest half mile; 
W, =solar radiation measured in adjusted aver- 

age monthly Langley units where the adjust- 
ment is W, = 0.081 W, + 0.10 W, + 0.12 
W, + 0.14 W, + 0.16 W;, and W, through 
W, are average monthly Langley units for 
the months April through August, respec- 
tively [1]; 

= age of cane expressed as the number of two 
week periods prior to September 1; 

co)
 

ag
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H =the period of harvest measured in two-week 
periods beginning with October 1; 

B, = accumulated number of hours below 32 F 
in the period beginning two weeks after 
planting or harvesting and running through 
the end of the season in which the cane was 
planted or harvested; and 

D, = soil-variety combination as defined in Table 
IF 

Our objective was fulfilled by looking at the results 
of variable E, thus expanding the scope of the original 
project. When computing net tonnages for each soil 
type/variety combination, intercepts were adjusted for 
plant cane tonnage in order to account for the extra 
growth due to a longer growth period. Five out of the 
nine soil type/variety combinations were studied. The 
other four were omitted because they now comprise a 
small percentage of the total acreage.
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TABLE 1.—Som TYPE/VARIETY GROUPS CONTAINED IN THE SAMPLE. 

  

  

Variable Variety Soil type 

D, CP 63-588 Pahokee muck 

D, Cl 41-223 Torry muck 

D, Cl 41-223 Pahokee muck 

1D), CP 56-59 Pahokee muck 

D, Cl 54-378 Pahokee muck 

D, CP 57-603 Torry muck 

1D)-, CP 57-603 Pahokee muck 

D, Cl 41-191 Sand 

D, Cl 49-198 Pahokee muck 

  

RESULTS AND DISCUSSION 

The results of estimating equation (2) are shown 
in Table 2. The high statistical significance obtained 
for both the intercepts and the rates of decline indicate 
that the rate of decline in the productivity of net sugar- 
cane per year can be expressed as an exponential func- 
tion. 

The rate of decline equations obtained after esti- 
mating equation (3) are shown in Table 3. These 
values proved to be more reliable since they account 
for many factors other than year of crop cycle. The 
computed net tonnages per hectare (Table 4) show the 
corresponding decline in productivity from plant cane 
to the fourth ratoon crop. 

All soil type/variety combinations behaved as hy- 
pothesized, with productivity decreasing at an ex- 
ponential rate. D, presented the slower rate of decline 
after the first ratoon while D, accounted for the faster 

one. Although D, showed a larger tonnage, its decline 

TABLE 2.—REGRESSION RESULTS FROM TESTING THE HYPOTHESIS OF 

AN EXPONENTIAL DECLINE FUNCTION IN THE PRODUCTIVITY OF NET 
SUGARCANE PER YEAR. 

  

In (£,) In (D,) pe R2 

In (E,) 3.845 —0.243Y 0.45 
(48.39)* ( 6.71) 

In (E,) 4.181 —0.147Y 0.77 
: (90.66) (10.58) 

In (E,) 3.839 —0.128Y 0.21 
(87.51) ( 8.11) 

In (E,) 3.836 —0.170Y 0.30 
(53.36) ( 5.79) 

In (E,) 3.867 —0.067Y 0.14 
(44.74) ( 2.25) 

In (E,) 4.135 —0.096Y 0.65 
(89.58) ( 6.39) 

In (E,) 4.175 —0.098Y 0.38 
(33.44) ( 2.33) 

In (E,) 3.467 —0.037Y 0.01 
(24.16) ( 0.67) 

In (E,) 3.754 —0.203Y 0.48 
(25.01) ( 3.72) 
  

*Figures in parentheses are t ratios. 

TABLE 3.—REGRESSION RESULTS OF THE ESTIMATED RATE OF DECLINE 

  

  

EQUATIONS. 

Intercept 

E, Plant cane* Ratoons D, foru 

E, 52.98 43.50 89.38 —0.352Y 
E, 71.34 ple 94.98 —0.224Y 
E, 74.99 65.52 46.41 —0.255Y 

E, 58.58 49.10 86.93 —0.246Y 

E, 63.93 49.71 108.12 —0.128Y 

  

*Intercept includes the extra growth due to a longer growth 
period. 

TABLE 4.—NET TONNAGE PER HECTARE OF SUGARCANE FROM PLANT 
CANE TO THE FOURTH RATOON CROP FOR FIVE SOIL TYPE/VARIETY 

COMBINATIONS. 

  

Ratoon Crops . 

i Plant cane Ist 2nd 3rd 4th 
  

  

seuskae INetstonssp ery hi aseseeeenneene 

115.84 87.71 74.59 65.36 58.88 

    

E, 
E, 147.26 117.80 105.62 95.89 88.11 

E, 110.95 93.39 87.12 82.25 78.49 

1B, 126.55 102.25 90.66 81.59 74.51 

E, 159.06 113.34: eee 2303 Demo 106.72 

  

was almost identical to that for D,. The combination 
with the largest tonnage was D, and its rate of decline 
was similar to all others except for D;. In general the 
rates of decrease were quite similar for the various soil 
type/variety combinations. 

The declines in net tonnage productivity can be 
better understood when expressed in percentages. ‘The 
largest decline was experienced from plant cane to the 
first ratoon crop due to the fact that plant cane grows 
for several months longer than ratoon cane. D,, D,, and 
D, presented the largest percentage production de- 
creases (24.3, 20.0, and 19.2 percent, respectively), 
while D, and D, showed a decline of about 16 percent. 
In the second ratoon crop, the percentage declines were 

15.0, 10.3, 6.7, 11.3, and 7.5 percent for the soil type/ 
variety combinations as they appear in Table 4. In the 
third and fourth ratoons the picture was similar to 
previous crops except for the fact that D, showed a 
relatively smaller percentage decrease. 

Variety CP 63-588 grown on Pahokee muck (D,) is 
the soil type/variety combination most common in the 
Florida cane producing region (5). The results are not 
very different from the average rates found in research 
plots (4). It is tempting to want to compare this with 
other variety/soil type combinations but because other 
factors such as management and distance from the Lake 
are very influential on rate of decline, such compari- 
sons are not warranted by these data. ‘Thus the values 
presented here show the rate at which the varieties 
declined as they were grown during the years of the 
study, and a popular variety grown under a wide range 
of management and conditions probably is at some- 
what of a disadvantage when compared with a less 
popular variety grown under more careful managed 
conditions.
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Soil Temperature Related to Water Table Depth’ 
S. F. Suu AND G. J. GAscHo? 

ABSTRACT 

‘Temperature was measured in organic soil where 
shallow (SWTD), 30 cm, and deep water table depths 
(DWTD), 90 cm, were maintained in a lysimeter sys- 
tem. Five cultivars of sugarcane (Saccharum sp.) were 
grown. Temperatures were measured at depths of 2, 15, 
30, 60, and 90 cm below the soil surface. The data were 
analyzed based on three different time periods, i.e. 
annual, initial growth (March, April, and May), and 
‘grand growth’ (April through October) for sugarcane. 
Soil temperatures in DWTD were about 1.5 C higher 
than in SWTD for the annual period, 1.8 C for the 
initial growth period, and 1.6 C for the grand growth 
period. The lower temperatures in SWTD can reduce 
the annual subsidence rate by about 10 percent based 
on computations from three subsidence models. ‘The 
high water tables in the initial and grand growth 
periods significantly reduced sugarcane production. 
Thus, a high water table in organic soil reduces sub- 
sidence, but some sugarcane yield reductions are ex- 
pected. However, a high water table should be main- 
tained during periods when cane growth or sugar ac- 
cumulation is not adversely affected. 

Additional Index Words: Saccharum spp., Subsi- 
dence, Organic soil, Microbial oxidation. 

  

The Everglades Agricultural Area (EAA) consists 
of approximately 310,000 ha of organic soil. Stephens 
and Johnson (1951) reported that 95% of the soil was 
more than 1.5 m deep in 1912. However, due to sub- 
sidence only 14% of it is projected to be 1.5 m deep 
in 1980. At the present time about 41% of the area has 
soil between 0.9 to 1.5 m deep and in about 45% of 
the area it is less than 0.9 m in depth. Based on the 
current rate of subsidence, soil in about 87% of the 
area will become shallower than 90 cm by the year 
2000. One practical way to reduce the rate of subsi- 
dence is to maintain a high water table. But high water 
tables limit profitable production of many crops be- 
cause of reduced yields. Shih and Gascho (1979) indi- 
cated that a high water table can cause complications 
in the water management system. They concluded that 
high water tables required not only more water in the 
dry season for growing sugarcane but also that more 

1Florida Agricultural Experiment Stations Journal Series No. 
2275. 

2Associate Professor of Agricultural Engineering and Professor 
of Agronomy, University of Florida, Agricultural Research and 
Education Center, Belle Glade, FL 33430. 

drainage water be pumped out after heavy rainfall. 
However, the effects of high water table on soil tem- 
perature was not emphasized by previous researchers. 
Soil temperature is an important factor affecting both 
plant growth and biological oxidation. 

The effect of soil temperature on organic soil sub- 
sidence rate has been studied by Volk (1972) and 
Stephens and Stewart (1976). They demonstrated that 
oxidation is accelerated by warm temperature. The 
effects of soil temperature on plant growth have been 
studied in several fields which involve soil-plant- 
atmosphere systems. For example, Clements and 
Martin (1934) found the rate of transpiration of a 
sunflower plant is directly proportional to soil tem- 
perature. Anderson and Kemper (1964) found that 
yields of corn tops and the shoot-root ratio were di- 
rectly affected by soil temperature. Nielsen and 
Humphries (1966) reviewed the effects of root tempera- 
ture on plant growth and found that low soil tempera- 
ture reduced the absorption of water. Wanjura et al. 
(1967) and Wilkes et al. (1970) showed that germina- 
tion, emergence, and development of a plant were sig- 
nificantly affected by soil temperature. 

Shih and Huang (1971) included soil temperature 
in a plant growth model to study the effect of soil 
temperature on plant growth. However, the relation- 
ship between water table depth and soil temperature 
was not fully established. Therefore, the purposes of 
this study were twofold: 

1. To analyze soil temperature as related to water 
table depth; and 

2. To demonstrate the effect of soil temperature 
changes induced by a high water table on sub- 
sidence rate and sugarcane production. 

MATERIALS AND METHODS 

LysIMETER EXPERIMENT 

A lysimeter system was constructed at the AREC, 
Belle Glade. A detailed discussion of the design and 
component parts of this system was reported by Shih 
et al. (1977). This system included six plastic-lined 
soil containers, corrugated plastic drainage/irrigation 
tiles, inflow and outflow systems, and wells for observ- 
ing and recording water levels. Each container had a 
surface area of 24 m? and a depth of 1.2 m. Water 
tables were controlled at depths of 90, 60, and 30 cm 
below the soil surface. The system performance was 
reported by Gascho and Shih (1979). 

‘Three replications of five major sugarcane cultivars, 
‘CP 63-588’, “CP 56-59’, ‘CP 65-357’, ‘Cl 54-336’, and
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‘Cl 54-378’, were planted in each lysimeter. Cane was 
planted at the end of December 1976. A severe freeze 
on January 19, 1977 killed nearly all the cane in the 
experiment. Cane was replanted on March 9, 1977 and 
was harvested at the end of December 1977. The yield 
and growth performance as related to water table 
depth was reported by Gascho and Shih (1979). These 
yields were used in this study also. The first and second 
ratoons were maintained in the system. 

Soil temperature was measured in two lysimeters 
where the water table depths were maintained at 30 
and 90 cm. These depths are designated as shallow 
(SWTD) and deep (DWTD) water table treatments, 

respectively. Temperature probes (YSI Probe No. 408, 
Yellow Springs Instrument Co., Inc., Yellow Springs, 
Ohio, 45387) were installed at depths of 2, 15, 30, 60, 
and 90 cm below the soil surface. The probes were 
randomly reinstalled every 3 months to avoid con- 
tamination. One probe was suspended in the air about 
100 cm above ground surface for measuring air tem- 
perature. 

The probes were connected to a Scanning ‘Tele- 
‘Thermometer (YSI Model 47) when the measurements 
were made. Temperatures were measured monthly be- 
tween March 1978 and August 1978, except between 
September 1978 and August 1979 when measurements 
were made weekly. The time of measurement was usu- 
ally 4:00 p.m. on Monday. If this day of measurement 
was either a rainy day or a holiday, the measurements 
were taken the next day. 

DaTA ANALYSIS PERIOD 

There were three periods in the soil temperature 
study. The first was the annual period which was im- 
portant for evaluating the annual subsidence rate. The 
second was the initial growth period (March, April 
and May), which is a critical period for the initial 

growth of sugarcane. The third was the grand growth 
period (April through October), which is the most 

important period for sugarcane growth. Soil tempera- 
tures were analyzed for each of these three periods. 

SUBSIDENCE MopELs RELATED TO SOIL ‘TEMPERATURE 

Two basic concepts for organic soil subsidence re- 
lated to soil temperature influences were used to esti- 
mate the effect of soil temperature changes induced by 
water table depth on subsidence rate. The first is the 

kinetic theory which includes the Arrhenius law model 
and Algebraic model (Stephens and Stewart, 1976). 
The second is the regression model (Shih et al., 1978). 

The models are described as follows: 
The kinetic theory expresses the rate of reaction 

with temperature by the term Q,o, where Q,, repre- 

sents the change in reaction rate for each 10 C tem- 
perature change. There are two sub-models involved, 
res 

Arrhenius Law Model: 

S. 5 Sy (Q40)* (1) 

where S, =the known oxidative subsidence rate 
at a known soil temp. T); 

S, = corresponding oxidative subsidence 
rate at soil temp. T.; and 

x = (T,—T,)/10 = AT/10. 

Algebraic Model: 

Sp = (a + bD) Qy) (7-70) /20 (2) 

where S, = biochemical subsidence rate at tem- 
perature, T; 

D =depth of water table; 
T, = base soil temperature (assumed as + 

5C); and 
a,b = constants. 

Regression Model: 

Based on Table 4 of Volk (1972) data, Shih et al. 
(1978) developed a subsidence model as a funtion 
of water table depth, soil temperature, and percent 
of carbon content, i.e. 

So = —14.41 + 0.034D + 0.121T +0.212C 
(R2 = 0.92) (3) 

where S, = Histosol elevation loss due to evolved 
carbon, cm/yr; 

D depth of water table, cm; 

T. = soil temperature, °C; and 
C =carbon content, %. 

RESULTS AND DISCUSSION 

Data from the continuous stage recorder chart, 
which was selected on a 4-hour basis, i.e. 0, 4, 8, 12, 16, 

and 20 hours, were used to analyze the water table 
fluctuations by computing the mean and standard 
deviation of water table depths in relation to time. In 
general, the water table depths varied little with time 
during the experimental period and were maintained 
well in the entire system. 

A total of 534 measurements for soil temperature 
were performed during the experiment; 165 and 364 
were made in the initial growth period and the grand 
growth periods, respectively. The air temperature and 
soil temperatures measured at a depth of 30 cm are 
plotted in Figure 1. Air temperature was much higher 
than soil temperature except during January, Febru- 
ary, and April. Soil temperatures followed a sine- 

shaped curve with a maximum in summer and a mini- 
mum in winter. Air temperature also followed a sim- 
ilar pattern but was more irregular. Soil temperatures 
measured at 90 cm are plotted in Figure 2. Soil tem- 
peratures also followed a sine-shaped curve but with 
less fluctuation. ‘The average soil temperatures for both 
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Fig. 1.—Air temperature and soil temperature at a 30-cm 
depth for two water table depths.
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SWTD and DWTD treatments are plotted in Figure 3. Cpe b 

Soil temperature at the 15-cm depth was lower than at w Hi 

either the 2 or 30-cm depths. Concentration of sugar- = ! 

cane roots was greatest in the top 30 cm. Thus, soil = 1 

heat in that zone may have been absorbed. Further ae ; 
study is needed to elucidate this process. eo H 

Mean temperature, standard deviation, and mini- ! 

mum and maximum values of annual, initial growth, 90 4 

and grand growth-periods are summarized in Table 1. 
The t-test technique was used to compare the mean 
temperature difference between the two water table 
depths in each of the three periods. The results are 
shown in Table 2. 

In the annual period, the soil temperatures in 
DWTD were about 0.92, 1.47, 1.55, 1.91, and 1.52 C 
higher than in SWTD at the soil depths On 2, ily BO, 

60, and 90 cm, respectively. These differences were 
significant at the 0.05 level except that at the 2-cm 
depth because soil temperatures at the surface ap- 
peared to be effected more by air temperature than by 
water table depth. The minimum and maximum soil 
temperatures in DWTD were respectively higher than 
in SWTD. 

Fig. 3.—Relationship between soil depth and soil temperature 
at two water table depths. 

The effect of soil temperature on subsidence is 
estimated in each of the three subsidence models given 
in Equations 1, 2, and 3, respectively. The models are 
described as follows: 

The Q,, value suggested by Stephens and Stewart 
(1976) was 2. The average soil temperature between 
DWTD and SWTD was 1.48 C. The water table depth 
of 30 cm was used. The result of the Arrhenius law 
model is: 

S, = $,(2)°8 = 1.118, (4) 
The S, value was estimated from the equation de- 

TABLE 1.—MEAN, STANDARD DEVIATION, AND MINIMUM AND MAXIMUM VALUES OF AIR AND SOIL 
TEMPERATURES IN LYSIMETERS PLANTED TO SUGARCANE. 

  

  

Soil temperature 
    

90-cm water table 30-cm water table 
  

  

  

  

  

Statistical Air Temp. measurement depth ‘Temp. measurement depth 

Parameters temp. 2 15 30 60 90 2 15 30 60 90 

Be hi Bae a oS te Sth aang ea OG FRE Marae Rv aa Rea ae Pe Dio od Cy 
Annual Period . 

Mean 27.15 24.78 23.83 24.38 24.85 24.59 23.86 22.36 22.83 22.94 23.07 
Std. dev. 4.70 4.54 3.54 3.45 2.96 2.83 3.59 3.66 3.62 3.12 2.73 
Min. value 15.0 15.1 15.6 16.4 18.9 19.1 15.0 14.4 13.9 16.4 18.1 
Max value 33.9 35.0 28.9 29.4 29.0 29.1 30.5 27.2 27.6 27.2 26.9 

Initial Growth Period 

Mean 25.71 25.66 23.54 23.89 23.26 22.87 24.40 21.31 21.80 21.33 21.21 
Std. dev. 2.94 3.43 2.57 2.36 2.00 1.78 2.22 2.40 2.39 2.08 1.88 
Min. value 19.7 18.6 19.5 20.3 20.0 20.0 19.72 17.2 18.4 18.2 18.2 
Max value 29.7 31.6 27.3 26.9 25.6 25.3 27.6 25.0 25.3 24.4 24.4 

Grand Growth Period 

Mean 29.36 27.32 26.27 26.73 26.66 26.26 25.81 24.73 25.19 24.84 24.63 
Std. dev. 3.28 3.09 1.52 1.63 1.83 1.98 2.08 1.94 1,92 1.96 1.95 
Min. value 22.2 22.2 22.9 23.2 22.2 21.7 el 20.5 20.6 19.7 19.9 
Max value 33.9 35.0 28.9 29.4 29.0 29.1 30.5 27.2 27.6 27.2 26.9 
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TABLE 2.—COMPARISONS OF MEAN SOIL TEMPERATURES AT TWO 
WATER TABLE DEPTHS IN THREE GROWTH PERIODS OF SUGARCANE. 

  

  

  

Temp. Initial Grand 
Water measured Annual growth growth 
table depth period period period 

sre seeen. Ne CMe ess ee Se ne ws fd OR ee ee ee 

90 2 24.78 a* 25.66 a 27.32. a 
15 23.834 23.54 a 26.27 a 
30 24.38 a 23.89 a 26.73 a 
60 24.85 a 23.26 a 26.66 a 
90 24.59 a 22.87 a 26.26 a 

30 2 23.86 a 24.40 a 25.81 b 
15 22.36 b 21.31 b 24.73 b 
30 22.83 b 21.80 b 25.19 b 
60 22.94 b 21.33 b 24.84 b 
90 23.07 b 21.21b 24.63 b 

  

*Values in a column followed by the same letter are not sig- 
nificantly different at the 0.05 level. 

veloped by Shih et al. (1978) for all types of crops, 
TCs 

S, = —0.26 + 0.0643 D (5) 
If D = 30 cm, S, = 1.67 cm/yr. Thus, S, = 1.85 
cm/yr. The reduction of subsidence rate from a 
1.48 C temperature difference is 0.18 cm/yr., ie. a 
10 percent reduction. The results are shown in 
Table 3. 
Stephen and Stewart (1976) defined the parameters 

of a,b by using annual subsidence rate data as follows: 

S. = (—0.1035 + 0.0169D) (2) "9/30 6) 

‘The average temperature was 24.49 C in DWTD 
and 23.01 GC in SWTD. Substituting those two tem- 
peratures and D = 30 cm into Equation 6 gives 1.49 
cm/yr of S, for DWTD and 1.34 cm/yr for SWTD. 

The carbon content in Montverde muck was 55.2% 
in SWTD treatment. The results are also shown in 
Table 3. 

The carbon content in Montyerde muck was 55.2 % 
(Volk, 1972). Thus Equation 3 can be reduced as: 

eee elee im O: Oo) ee ales eels (7) 
Substituting D = 30 cm and the two average soil 

temperatures in DWTD and SWTD gives 1.27 cm/yr 
of S, for DWTD and 1.09 cm/yr for SWTD. The dif- 
ference is 0.18 cm/yr. As Volk (1972) indicated, 73% 
of the U.S.D.A. field survey loss was accounted by 
evolved carbon, thus 1.27 cm/yr should be divided by 
0.73 to estimate field survey loss, i.e., 1.74 cm/yr. The 
results are also shown in ‘Table 3. 

All three models gave similar results. Reduction of 
subsidence rate was about 10 percent for a 1.48 C soil 

TABLE 3.—COMPARISON OF SUBSIDENCE RATE REDUCTION INDUCED 
BY SOIL TEMPERATURE FOR THREE SUBSIDENCE MODELS. 

  

  

Annual Reduction of 
Subsidence subsidence 

rate rate 
Models (A) (R) R/A 

Gaechdy ea ae cn) yn ae 6 

Arrhenius Law 1.85 0.18 10 
Algebra 1.49 0.15 10 
Regression 1.74 0.18 10 
  
  

temperature drop induced by the high water table 
depth. 

The average soil temperatures in DWTD were 
about 1.26, 2.23, 2.09, 1.93, and 1.66 C higher than in 
SWTD at the soil depths 2, 15, 30, 60, and 90 cm, re- 
spectively, for the initial growth period (Tables 1 and 
2). These deviations of soil temperature were signif- 
icant at the 0.05 level except that the temperatures at 
the 2-cm depth were not significantly different. The 
reason for this similarity in surface soil temperatures 
can be explained as for the annual period. ‘Tempera- 
tures averaged about 1.83 C higher in DWTD than in 
SWTD. This higher soil temperature is very important 
for sugarcane growth in the initial stage. 

Soil temperature differences between DWTD and 
SWTD in the grand growth period were 1.51, 1.53, 
1.54, 1.82, and 1.63 C at the soil depths 2, 15, 30, 60, 
and 90 cm, respectively. These deviations were signif- 
icantly different at the 0.05 level. The soil temperature 
difference at the 2-cm depth in this case may be due to 
the full canopy of leaves. Thus significance of air 
temperature on soil temperature decreased. ‘The aver- 
age 1.61 C higher temperature in DWTD equates to 
620 more degree days than in SWTD. Cumulative 
degree days are important for sugarcane growth (Allen, 
1976). Over a 5-year period (1971-75) an average of 
4827 degree days was recorded during the grand growth 
period. The difference between DWTD and SWTD is 
about 13% of total degree days. Sugarcane stalk popu- 
lation, weight of stalks, and dry biomass at different 
water table depths are listed on Table 4 (Gascho and 
Shih, 1978). There were significant differences at the 

0.05 level in stalk population, weight, and dry biomass 

between DWTD and SWTD. Part of this difference 
may be due to the larger number of degree days in the 
DWTD treatment. 

One practical way to reduce the rate of soil sub- 
sidence in EAA is to maintain a high water table sys- 
tem. But a high water table can cause a lower soil tem- 
perature, which probably would result in a lower yield. 
However, in order to extend the longevity of muck 
soils in EAA, a high water table should be maintained 
during periods when cane growth or sugar accumula- 
tion is not adversely affected. 
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TABLE 4.—EFFECT OF WATER TABLE DEPTH ON STALK POPULATION, 

WEIGHT OF STALK AND DRY BIOMASS PER STOOL, DATA ARE AN AVERAGE 
OF FIVE SUGARCANE CULTIVARS. 

  

Stalks/ Green weight/ Dry biomass/ 

  

Water table stool stool stool 

ee cna NE ERE REIS eG ont eee eee 

30 7.8b 10.64b 4.50b 

90 98a 13.24a 5.16a 
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Evaluation of Various Stylosanthes Accessions in South Florida’ 
J. B. BROLMANN? 

ABSTRACT 

Seventy accessions of Stylosanthes were assessed in 
the field for yield, persistence, and cold tolerance from 
July 1978 to July 1979, at the ARC (Agricultural Re- 
search Center), Fort Pierce, Florida. Forage production 
measured at 6-week intervals during fall and winter 
varied considerably. A Stylosanthes hamata (L.) Taub. 
indigenous to Florida had good forage production dur- 
ing the fall. Forage production for all accessions during 
the cool season (Dec.-Feb.) was rather low. Greatest 
forage production during this season was obtained for 
a S. viscosa Sw. accession from Brazil and for a native 
S. hamata from Florida. An ARC Fort Pierce selection 
of S. guianensis (Aubl.) Sw. showed excellent regrowth 
in spring and was the best yielding accession in the 
summer of 1979. Two S. guianensis ‘Oxley’ type ac- 
cessions from Argentina and Uruguay were the most 
frost tolerant. Great differences in persistence of the 
various accessions were observed. A 100% survival was 
obtained for an S. erecta Beauv. accession from Africa, 
several S. gwianensis accessions including two Oxley 
types, three S. viscosa and one S. scabra Vog. accessions. 
None of the S. fruticosa Retz. and S. swbsericea Blake 
accessions persisted. 

Additional Index Words: Persistence, Cold toler- 
ance. 

  

Forage production by tropical forage legumes is 
reduced during the cool season in south Florida. Some 
tropical forage legumes are killed by frosts. More cold 
tolerant forage legumes are needed, especially plants 
that will produce sufficient forage for the grazing 
animal during the cool season. Most accessions of the 
genus Stylosanthes are tropical and do not have much 
cold tolerance. However, there are several Stylosanthes 
spp. from the sub-tropics with some cold tolerance that 
may have potential to extend the grazing season in 
Florida. Recent experiments with collections of 
Stylosanthes hamata (L.) Taub. indigenous to Florida 

1Florida Agricultural Experiment Station Journal Series No. 
2199 

2Assistant Professor, Agricultural Research Center, Fort Pierce, 

Florida, 33450. 

have shown that some ecotypes yielded more forage 
during the cool season than Stylosanthes species col- 
lected in more tropical areas (2). 

This study was conducted to explore the per- 
formance and persistence of a large collection of 
Stylosanthes and to isolate types with potential for 
forage production during the cooler months in south 
Florida. 

MATERIALS AND METHODS 

Accessions and advanced selections of Stylosanthes 
were tested for yield and persistence in two randomized 
block experiments (Plantings 1 and 2) in the field at 
the ARC (Agricultural Research Center), Fort Pierce, 
Florida. All plants were seeded in the greenhouse in 
April 1978 and transplanted in June to a clean cul- 
tivated field formerly planted in bahiagrass. The first 
planting contained 38 Stylosanthes accessions, with 
three plants per accession per plot and four replica- 
tions. A second planting contained 32 accessions with 
two plants per plot and three replications. A plot con- 
sisted of plants spaced 90 cm in a row. Rows were 1.5 
m apart. The field was fertilized before planting with 
0-10-20 fertilizer at 335 kg/ha. Two plants from each 
plot in the first planting and one plant from each plot 
in the second planting were harvested every 6 weeks, 
beginning with the first harvest 6 September 1978. 
Plants were cut back to a 7.5-cm height and 20-cm 
diameter. The uncut plants were kept for seed increase 
and other observations. After a harvest on 23 Feb. 1979 
all plants were mowed to a height of 5 cm. Plants were 
mowed again in May and a final harvest was made on 
15 July 1979. Observations were made on forage pro- 
duction, and plant survival. Data were obtained on 
tolerance to frost after several nights of light radiation 
frosts in January 1979. The damage severity rating sys- 
tem was 1=no or light damage to 3=severe damage. 

RESULTS AND DISCUSSION 

Forage production of all Stylosanthes during the 
cool season (Dec., Jan., and Feb.; harvest dates 1/11- 
2/23) was rather low (Table 1). Several Stylosanthes 
accessions, primarily S. frutecosa Retz. and S. subsericea 
Blake died during the cool season or did not produce



PROCEEDINGS, VOLUME 39, 1980 103 

‘TABLE 1.—YIELD AND FROST DAMAGE RATINGS OF Stylosanthes. 

  

    

Planting 1 

Identifying; t+: 3. Beh or a ee enews Ke eee 1.978) Ress sete seh Fe) cee Dae Cae 197 OFA Bis Frost 
Numbert Species{ 9/6 10/9-12/1§ 1/11-2/23§ 7/15 Rating# 

ea eee enon ene a Witic OLE pol eva pey 
PI 401515 g 102 23 9 26 2 
PI 401504 g 14 10 8 17 1 
FP 7658-12 g 57 17 4 110 2 
CPI 40296 v 14 29 10 16 2 
PI 358375 e 17 10 0.6 9 3 
CPI 69200 e 5 4 0.1 D{ 3 
FP 7733 h 44 47 4 D 3 

LSD 5% 18 15 4 29 
LSD 1% 25 20 5 38 

Planting 2 

FP 6940-1 e 66 26 5 45 2 
CPI 34925 sc 17 4 0.8 5 2 
PI 422552 s 122 42 0 D = 
FP 7303 h 51 29 8 25 2 

LSD 5% 82 15 4 30 
LSD 1% 43 21 5 41 
  

{+PI—USDA introduction number, CPI—Australian plant introduction number, and FP—Ft. Pierce ARC selection. 
tg—S. guianensis, v—S. viscosa, e—S. erecta, sc—S. scabra, s—S. subsericea and h—S. hamata. 
§'Total of two harvests. 
{All plants died. 
#No-light (1), medium (2), and severe (3) frost damage. 

any forage at all. Greatest forage production for this 
season was obtained for S. viscosa Sw. (CPI 40296) and 
S. guianensis (Aubl.) Sw. (PI 401515) in Planting 1, 
In Planting 1, the native S. hamata (FP 7733) yielded 
more forage during the fall (harvest dates 10/9-12/1) 
than any other Stylosanthes tested. This accession is 
diploid and grows as an annual although some plants 
of this accession will survive when climatic conditions 
are favorable (2). In contrast, S. hamata (FP 7303) is 
tetraploid (2N=40) and perennial. In other experi- 
ments it out-yielded all other native S. hamata ac- 
cessions tested (1). 

There were substantial differences in the perform- 
ance of the accessions at the July 1979 harvest. Highest 
yield was obtained for S. guianensis (FP 7658-12) 
which was selected at ARC, Ft. Pierce for its excellent 

vigor and persistence. There were considerable differ- 
ences in yield performance within an accession between 
the first and last date of harvest. S. guwzanensis (PI 
401515), for instance, was less vigorous in the second 

year and yielded much less than at the first harvest 
date. In contrast, S$. guianensis FP 7658-12 performed 
better in the second year. An improvement in yield in 
the second year was also shown for S. gwianensis ac- 
cessions cultivar ‘Oxley’ (PI 401504 and 401505). These 
types are low yielding, but their persistence make these 
accessions desireable pasture types that have potential 
for use in forage breeding programs. 

The severity of frost damage is shown in Table 1. 
Greatest tolerance to frost was found for two S. 
guianensis accessions of cultivar Oxley. ‘These acces- 
sions are introductions from Argentina and Uruguay 
(lat. 30°S and 29°S, respectively), and are taxonomic- 
ally classified as S$. guwianensis var. intermedia (5). 
Plants of these accessions are relatively small, and have 
a low crown. At temperatures below 0 C the height 
above the soil of the lowest bud was negatively corre- 
lated with plant survival in Stylosanthes guianensis 

lines (3). These studies also indicated that the Oxley 
cultivar, whose buds are usually close to or below the 
soil surface, had the greatest percentage of survival. In 
other studies (4) it was shown that cv. Oxley had frost 
resistance. 

The majority of the Stylosanthes accessions tested 
had medium to light frost damage and later recovered. 
Severe frost damage was done to S. erecta Beauy. PI 
358375 and S. hamata FP 7733 from Florida. S. erecta 
was able to regenerate from roots below the soil sur- 
face. All S. hamata plants died after the frost but re- 
generated from seed the following spring. 

Numbers of accessions per survival class are shown 
in Table 2. More than half of the S. guianensis acces- 
sions and three out of four S. viscosa accessions had 
100% plant survival. Best survival for the Stylosanthes 
sp. was shown for accessions introduced from Brazil 
and Honduras. Seven of eight Stylosanthes sp. acces- 
sions which originated either in Guatemala or Ecuador 
had no plant survival. Accessions with 100% plant 
survival included S. erecta PI 358375, S. hybrid FP 

TABLE 2.—PERCENTAGE SURVIVAL OF Stylosanthes SPECIES ON JULY 

  

  

  

1979. 

Stylosanthes Number of accessions per survival class 

species Total 0% 25-50% 60-87% 100% 

S. guianensis 28 0 8 10 15 
S. sp. 18 8 2 2 6 
S. erecta 4 1 0 2; 1 
S. fruticosa 4 4 0 0 0 
S. viscosa 4 0 1 0 3 
S. hamata 3 2 0 0 iL 
S. scabra 2 0 0 1 i} 
S. montevidensis 2 0 1 0 1 
S. subsericea 2 2 0 0 0 
S. hybrid 1 1 0 0 0 
S. cayennensis 1 1 0 0 0 
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6940-1, and all S. guianensis Oxley types. All plants of 
S. erecta CPI 69200 died. This indicates that this ac- 
cession is unable to regenerate from roots as does S. 
erecta accession PI 358375 after frost kills top vegeta- 
tion. Some natural crosses between S. guianensis cv. 
Oxley and other S. guianensis accessions have been 
observed in the field. These crosses are more vigorous 
than the Oxley types, but have a low fertility. Pre- 
liminary studies indicated that vigor and cold toler- 
ance are maintained in these hybrids. 

Accessions of S. viscosa showed good forage produc- 
tion in the fall season. Although somewhat woody and 
sticky, these plants could play an important role in 
the drier areas where other plant materials fail to 
survive. Earlier experiments at the ARC, Ft. Pierce 
showed that some accessions of S. viscosa were very 
persistent. Seed production is usually abundant and 
many new seedlings are produced each year. Most ac- 
cessions of S. viscosa are drought tolerant as well as 
flood tolerant. 

S. scabra CPI 34925 is also a very persistent type. 
This shrubby legume is very drought resistant. It will 
also tolerate a high water table and is tolerant to cold. 
A similar accession of S. scabra has been grown at the 
ARC, Ft. Pierce for seven continuous years in a mix- 

ture with Pangola and dominates all other Siylosanthes 
once planted there. 

Some Stylosanthes accessions (S. macrocarpa Vog. 
and §. montevidensis Vog.) survived the severe 1976-77 
winter at Gainesville when temperatures dropped well 
below —7 CG. Accessions of S. hamata, S. scabra, and S. 

guianensis did not survive these extreme temperatures. 
Earlier studies (Brolmann, unpublished) indicated 
that cold tolerance is maintained in the progeny of 
cold tolerant S. guianensis accessions. Since climate of 
origin determines to a large extent the frost tolerance 
of Stylosanthes, it is desireable to introduce species 
from higher altitudes and latitudes in the tropics and 
subtropics. 
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Factors that Influence Rural Land Prices in Florida’ 

JOHN E. REYNOLDs AND DEvIN L. Tower? 

ABSTRACT 

Rural land prices vary considerably within the state 
and have risen substantially in recent years. Results of 
recent studies were evaluated to give an understanding 
of the different factors influencing rural land prices. 

There are a number of factors influencing rural 
land prices. A positive effect results from net farm in- 
come, capital gains, technological advances, increases 
in nonfarm demand, and capital improvements. A 
negative effect results from farm real estate taxes, 
distance, and size of tract. In addition there are a 
number of institutional factors that may affect the 
price of rural land. 

Additional Index Words: Farmland values, De- 
mand for land, Land market. 

  

Rural land prices have risen substantially in Flor- 
ida. The average value of Florida farmland was about 
$213 per hectare in 1950 and by 1979 the average value 
had risen to $2298 per hectare (Table 1). Nationally, 
the increase since 1950 has been less, increasing from 
$158 per hectare in 1950 to $1376 in 1979. However, 
from 1970 to 1979 the average value of farmland in- 
creased at a faster rate at the national level than it did 
in Florida. 

1Florida Agricultural Experiment Stations Journal Series No. 
2209. 

“2Associate Professor, Food and Resource Economics Depart- 
ment, University of Florida, Gainesville, and Mortgage Loan 
Officer, Barnett Banks of Volusia County, Daytona Beach, Florida. 

TABLE 1.—AVERAGE VALUE OF FARMLAND IN FLORIDA AND THE 
UNITED STATES, 1950-79. 

  

  

Year Florida United States 

($/Hectare) ($/Hectare) 
1950 213 158 
1955 311 208 
1960 561 267 
1965 759 339 
1970 917 460 
1975 1700 835 
1979 2298 1376 
  

Source: U. S. Department of Agriculture, Farm Real Estate 
Market Developments, Economics, Statistics and Cooperative 
Service Publication CD-84, August, 1979. 

Rural land prices also vary considerably within the 
state. Estimates from the 1974 Census of Agriculture 
indicate that the county average value of an acre of 
farmland varied from $442 per hectare in Dixie County 
to $9,120 in Dade County (15). Rural land prices in 
North and West Florida were relatively low in com- 
parison to Central and South Florida (Figure 1). Gen- 
erally, counties with high rural land prices were 
located in heavily populated areas or citrus producing 
areas, suggesting that land use and location of popula- 
tion centers exert an important impact on rural land 
prices in Florida. 

The purpose of this paper is to identify the im- 
portant factors affecting rural land prices and to dis- 
cuss the estimated magnitude of some of these factors.
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Dollars per Hectare 

1235 - 1480 

988 - 1234 

  

Fig. 1._Average Rural Land Prices in Florida Counties in 1974. 

CONCEPTUAL FRAMEWORK 

The demand for land may be thought of as the 
amounts of land that users want and are willing to 
buy at various prices (9). The demand for land arises 
from the various direct and derived uses to which land 
may be put. Direct demand for land results when land 

itself is used for consumption, such as for residential 
sites or recreational purposes (7). Much of the demand 

for land is derived from the productive potential of 

land, its location or other advantages rather than the 

land itself (1). The demand for land is the sum of the 
various direct and derived demands for land. 

The supply of land is used here to mean the 
quantity of land resources (both natural and man- 
made) available for use at various prices. On one side 

of the market, the economic supply is the quantity of 
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land that will enter particular uses at various prices. 
On the other side is the demand for land, which 
portrays the amount of land users want and are willing 
to buy at various prices. Interaction of the various 
factors of demand and supply establish the market 
price for land. 

If the demand for land increased without a corre- 
sponding increase in the supply of land, the price of 
land would increase. In recent years, the demand for 
land appears to have increased substantially without 
an offsetting increase in the supply of land and has 
resulted in land prices rising to unprecedented levels. 

Measuring the economic demand for, and supply 
of, land presents difficult empirical estimation prob- 
lems. For example, quantifying the economic demand 
for land includes an estimate of both the derived de-
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mand (which can usually be expressed in monetary 
terms) and the direct demand (which often includes 
satisfactions that are expressed in nonmonetary terms). 

Generally, the supply of most types of land is not 
very responsive to price changes (1). Rarely does the 
price-prompted addition to the economic supply of 
land account for more than a minor portion of the 
total supply. Therefore, increases in the demand for 
rural land (both direct and derived) are expected to 
result in corresponding increases in rural land prices. 

FACTORS THAT INFLUENCE 
RURAL LAND PRICES 

In this section factors affecting the demand for 
rural land are identified and the influence of these 

factors on rural land prices is examined. 

Net FARM INCOME 

Net farm income is one of the major determinants 
of rural land prices (3, 10). The value of land should 

equal the sum of the future returns to land discounted 
back to the present (1). If the expected annual net 
returns are the same each year, the value of the future 
returns discounted back to the present can be ex- 
pressed as V = A/r, where V represents the present 
value, A represents annual net returns to land and r 

is the appropriate capitalization rate. This formula 
indicates that the present value of land should vary 
directly with expected future returns to land. In- 
formation on future net returns to land are not avail- 
able. However, the most recent returns are usually the 
best data we have on which to base our estimates of 
future net returns. Therefore, present or past farm 
income is expected to be closely related to rural land 
prices. 

Several studies have established statistically that a 
strong positive relationship exists between farm income 
and rural land prices in Florida (8, 10, 18). In an 
analysis of the variation in 1964 rural land prices 
among Florida counties it was estimated that for each 
1 dollar increase in gross farm income per hectare, 
rural land prices increased approximately 2 dollars per 
hectare (10). 

Rural land prices have been increasing at a much 
higher rate than can be justified by farm income. When 
net farm income is adjusted for inflation, it has shown 
a general downward trend since 1950 (1973 was an 
exception) while rural land prices (adjusted for in- 
flation) have exhibited a steady upward trend (2). 
This apparent paradox has puzzled many land ap- 
praisers, prospective land buyers, lenders and others 
interested in the land market. Recent studies (3, 8) 
have established that farm income is still an important 
determinant of rural land prices. However, as real 
farm income has declined and rural land prices have 
climbed steadily, it is apparent that land buyers are in- 
fluenced by other factors besides farm income. 

CAPITAL GAINS 

Increases in rural land prices have been an im- 
portant source of future income for land owners. In- 
creases in the price of rural land are long-term capital 
gains rather than direct income to the landowner (9). 
Past capital gains create expectations that such gains 

will continue and consequently increases the number 
of people who would like to own land, and therefore, 
increases the demand for land. 

Rural land prices have increased much faster than 
the general price level. During the last two decades, 
there has generally been a 2 percent average annual 
rate of increase in rural land prices for every | percent 
average annual rate of gain in the Consumer Price 
Index (2). As a result, money invested in rural land 

has been a good hedge against inflation. Ownership of 
farmland has been a good investment as average rural 
land prices are presently about five times higher than 
they were in 1960 while the Standard and Poor’s 500 
common stock average has less than doubled (2). ‘The 
estimated residual return to farmland and other pro- 
duction assets has ranged from 3 percent to 6 percent 
(except for 1973 when it was 10 percent) (2). Rural 
land prices in the U. S. have increased at a compound 
annual rate of almost 9 percent per year since 1960. A 
long-term capital gain of 9 percent per year in addition 
to a 3 to 6 percent current return to rural land makes 
investment in rural land compare very favorable with 
many other investments. Long-term capital gains also 
enjoy more favorable income tax treatment than cur- 
rent income. 

Many tracts of land in Florida have been purchased 
for speculative purposes. Some of these tracts have 
remained in agriculture but others have changed to 
nonagricultural uses. Speculation in the land market 
has increased the demand for land. Expectations of 
future capital gains increases the demand for land and 
has a positive effect on the value of farmland. 

‘TECHNOLOGICAL IMPROVEMENTS 

Technological improvements have led to the de- 
velopment of improved varieties, machinery, crop sys- 
tems, and protection from insects and diseases, which 
have greatly increased the productivity of land. Many 
of these increases in the productivity of land have been 
capitalized into rural land prices. In a study of the 
national farmland market, it was estimated that with a 
10 percent increase in the level of technology, farm- 
land values increased 5.1 percent (9). 

FARM REAL EsTATE TAXES 

Farm real estate taxes are expected to have a neg- 
ative effect on rural land prices. As property taxes in- 
crease, the income to land is reduced. Farm real estate 
taxes have increased from $1.33 per hectare in 1950 to 
$12.08 per hectare in 1976. Taxes on farm real estate 
are higher in Florida than in other states in the South- 
east (17). In a study of Florida farmland values, it was 
estimated that if farm real estate taxes increased by one 
mill and other things remained constant, the price of 
rural land would be expected to decrease by about $59 
per hectare (18). 

LOCATION 

Distance from highways, market areas or popula- 
tion centers is often an important determinant of 
rural land prices. Location theory indicates there 
should be a negative relationship between rural land 
prices and the distance from markets (11). This rela- 
tionship should be reinforced by a declining nonfarm
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demand as you move away from population centers. 
In a study of rural land prices in East Central Florida, 
Tower (14) found that the distance to Orlando, dis- 
tance to a city between 10,000 and 50,000 and distance 
to a four-lane highway were significant factors in ex- 
plaining the variation in rural land prices. Although 
earlier studies had estimated the effect of distance as 
a linear relationship, Tower (14) found the relation- 
ship to be curvilinear indicating that the effect is much 
greater for a small change in distance near the popula- 
tion center or four-lane highway than for the same 
amount of change far away. 

POPULATION PRESSURE 

The nonfarm demand for land has increased 
steadily with expansion in our population and income. 
Population increases have both a direct and derived 
effect on the demand for land. The increased derived 
demand arises from increased amounts of food and 
fiber needed for a larger population. The direct de- 
mand is also increased as a result of more land being 
needed for residences, industries, transportation sys- 
tems, and shopping centers. For example, each mile of 
interstate highway requires about 16 hectares of land 
and one interchange may require 4 additional hectares 
(12). In addition, the transportation network has made 
rural land more accessible to nonfarm people and re- 
sulted in rural land being converted to nonagricultural 
uses. It has been estimated that in the United States 
approximately 404,695 hectares of land are converted 
annually from agriculture to residential and industrial 
uses, highways and other nonfarm uses (13). 

The density of population in Florida has more than 
tripled since 1950, increasing from about 126 people 
per square kilometer in 1950 to 398 people per square 
kilometer in 1977. The increase for the United States 
was at a much slower rate, increasing from 105 in 
1950 to 151 people per square kilometer in 1977. The 
market for rural land has felt the pressure of popula- 
tion growth more during the past decade. For the first 
time in decades, the population of nonmetropolitan 
counties has grown faster since 1970 than that of 
metropolitan areas (2). Generally the fastest non- 
metropolitan growth has occurred in counties border- 
ing metropolitan counties, but the nonmetropolitan 
population growth has not been limited to suburbani- 
zation. 

The rapid growth of the nonfarm population and 
their demands for rural land has resulted in strong 
competition between agricultural and nonagricultural 
uses of land. Several studies have found increased 
population densities to be an important determinant 
of rural land prices (6, 9, 10). 

SIZE OF TRACT 

The per unit price of rural land also varies with 
the size of the tract. Small tracts of land may have more 
potential buyers and the price of small tracts may be 
bid up by buyers competing for the land for farm ex- 
pansion, a rural residential site, or other nonfarm use. 

Due to the large sums of money required to purchase 
tracts of a substantial size the price per unit is generally 
lower as the size of the tract increases. USDA data 
indicate that farm real estate transfers that were 
smaller than 40 hectares typically commanded more 

than twice the price of the overall national average 
(16). Tower’s study of rural land prices in East Central 
Florida found that for each increase in size, the corre- 
sponding per unit price declines at a decreasing rate. 
He found that above 40 hectares in size, the price per 
unit of rural land becomes more stable and the per- 
centage change due to increases in size are relatively 
small compared to the initial expansions (14). 

CAPITAL IMPROVEMENTS 

Capital improvements tend to increase the value 
productivity of land and are usually capitalized into 
the price of rural land. Some of the more important 
investments in improving the quality and value of 
rural land are associated with buildings, irrigation, 
land clearing and drainage. Irrigation and drainage 
are essential to the production of many crops in Flor- 
ida. These improvements change the quality of land 
and increase the potential crop productivity and as a 
result, land with these improvements is worth more. 

Generally, people are also willing to pay more for land 
with buildings. In a study of land prices in East 
Central Florida, Tower found that increases in the 

value of buildings on a tract of land causes the price 
of rural land to increase. However, with increases in 
the value of buildings, rural land prices increased at a 
decreasing rate (14). 

INSTITUTIONAL FACTORS 

A number of institutional factors may affect the 
price of rural land. The term institutional factors is 
used here to mean those factors reflecting some kind of 
group control over individual actions or decisions. A 
good example of an institutional factor that affects 
rural land prices is government programs. It has been 
documented that government program payments that 
are tied to land (such as, tobacco allotments) are 
capitalized into the value of that land (4, 5, 9). High 
interest rates limit the number of potential buyers that 
can qualify for the purchase of rural land. Local re- 
strictions (zoning) may limit the potential use of a 
tract of rural land and therefore, limit the expected 
stream of income from that land. If that restriction is 
removed (or the zoning changed) to permit the higher 
value use, the price of the tract will probably be bid 
up. Another example is the Florida Water Resources 
Act of 1972. It modified common law doctrines dealing 
with water use and may require permits for con- 
sumptive uses of water. If the amount of water that is 
permitted for irrigation is severely limited or if a 
permit is denied, it can significantly affect the crops 
that may be grown, the expected income stream, and 
subsequently the value of that tract of land for that 
use. 
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Determination of Optimal Levels of 
Field Crops, Forages, and Beef Cattle Enterprises’ 

J. WALTER PREVATT, JOHN E. REYNOLDS, 
and BRYAN E. MELTON?2 

ABSTRACT 

A profit maximizing dynamic linear programming 
model was developed to determine the optimal re- 
source organization of field crop, forage, and beef cattle 
enterprises in North and West Florida. The optimal 
resource organization, given price levels that existed 
during the 1973-77 period, included producing a com- 
bination of field crops, forages, and beef cattle enter- 
prises. The production levels of these activities varied 
directly with product prices over the planning horizon. 

Field crops included in the solution were flue-cured 
tobacco (Nicotiana tabacum L..), peanuts (Arachis 
hypogaea L.), irrigated corn (Zea mays L.), irrigated 
corn early harvest, soybeans (Glycine max L.) and late 
soybean production. Flue-cured tobacco and peanuts 
were consistently produced at the upper limits of their 
allotments. The production levels of corn and soy- 
bean activities varied over the planning horizon with 
product prices. 

Forage activities in the solution included ‘Coastal’ 
bermudagrass (Cynodon dactylon L. Pers.) pasture, 
‘Argentine’ bahiagrass (Paspalum notatum Flugge) 
pasture, winter rye (Secale cereale L.)-ryegrass 
(Lolium multiflorum Lam.) planted early and late, 
irrigated corn stubble (September and October), winter 
rye-ryegrass-clover (Trifolium sp.), and purchased 
Coastal bermudagrass hay. Forage activity levels also 
varied during the five years of production due to varia- 
tions in field crop and beef cattle activity levels. 

The optimal beef cattle activities in the solution 

1Florida Agricultural Experiment Station Journal Series No. 
2208. 

2Area Economist, Agricultural Research and Education Cen- 
ter, Bradenton, and Associate Professor and Assistant Professor, 
Department of Food and Resource Economics, University of 
Florida, Gainesville, FL 32611. 

included calves, yearlings and all ages of beef cows. 
The structure of the beef cattle herd changed dramatic- 
ally during the planning period due to variations in 
cattle prices. The size of the beef cattle herd also 
changed, ranging from 42.38 to 115.67 animals over 
the five years. 

These activities produced an average yearly profit 
of $29,665.50 over the five-year planning horizon 
(1973-77), where profit as defined in this study was the 
difference between output revenues and variable factor 
costs. Profit may be interpreted as the return over 
variable costs to land, management, and other fixed 
factors or production. The highest profit occurred in 
1974 when field crop prices were high and much of the 
beef cattle herd were liquidated. ‘The smallest profit 
was recorded in 1976 due to low field crop and beef 
cattle prices and the large number of replacement 
heifers retained in the beef cattle herd. Profits per 
year from the beef-cow herd ranged from 8 percent to 
48 percent of the total profit obtained during the five- 
year production period. 

Additional Index Words: Economics, Profit Max- 
imization, Linear programming. 

  

Agricultural producers in the United States have 
long enjoyed a progressive and expanding agricultural 
industry. History reveals that the last three decades 
have been the most productive period for agricultural 
growth (4). The advances made by agriculture have 
contributed significantly to the welfare and prosperity 
enjoyed by us all. A prosperous agriculture in the 
future, however, will depend on how well we under- 
stand the complex setting in which agriculture must 
operate and how effectively we cope with issues facing 
this industry.
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‘Traditionally, the role of the agricultural producer 
in the process of economic development has been to 
supply the food and fiber needs of more and more 
people using fewer and fewer resources. Today, each 
American agricultural producer feeds and clothes more 
people than ever before. Associated with this accom- 
plishment have been immense changes in agricultural 
production processes. Thus, agricultural producers are 
confronted with many adjustment decisions in their 
attempt to maximize profit while coping with the 
rapidly changing conditions affecting their production 
process. The major factors affecting the producer’s 
ability to maximize profit are: (1) changing govern- 
mental policies, (2) variability of price, (3) availabil- 
ity of the factors of production, and (4) technological 
advances. 

Realizing that conditions in agricultural produc- 
tion processes are changing in several aspects, farm 
managers are consequently finding it necessary to re- 
evaluate the organization of their farm enterprises in 
order to maximize profit. The major purpose of this 
study was to determine the optimal enterprise organi- 
zation for a specific resource situation. 

ANALYSIS 

Economic theory provides criteria for allocating 
resources among competing enterprises. Firm enter- 
prise selection depends on production functions, avail- 
ability of factors of production, and price conditions. 

Agricultural producers are generally interested in 
maximizing profit. Economic theory indicates that 
profit will be maximized when each factor of produc- 
tion is utilized to the point that the marginal value 
product (revenue generated from an additional factor 
unit) is equal to the marginal factor cost (cost of an 
additional factor unit). The producer can, therefore, 
increase his profit as long as the addition to his rev- 
enue from the use of an additional factor unit exceeds 
the costs of that factor unit. With multiple products 
and factors involved in the production process, there 

are multiple relationships of this type that must be 
met simultaneously to maximize profit. The solution 
in this type of situation becomes cumbersome. 

Mathematical programming provides a framework 
for determining the optimal enterprise selection among 
competing enterprises when resources are limited. The 
programming model allows the farm manager to evalu- 
ate among livestock and crop enterprises given limita- 
tions on hand, labor, capital, and management. 

A dynamic linear programming model was used in 
this study to maximize profit from the planning period 
(1973-77) (3). The principal field crops, forages, and 
beef cattle enterprises in the North and West Florida 
area were considered in the model. Resource con- 
straints were placed on land (202.43 hectares, equally 
divided between cropland, pastureland and rangeland), 
labor, farm manager, allotments, and operating capital. 
Given the restrictive constraints the optimal enterprise 
organization was determined from the solution of the 
model. 

RESULTS AND DISCUSSION 

The activities that maximize profit for the five-year 
planning period are presented in Tables 1 and 2. ‘The 
optimal activity levels are discussed in three categories 
—field crops, forages, and beef cattle. 

The production levels of field crops were fairly con- 
sistent over time with the exception of irrigated corn 
(Zea mays L.) early harvest, soybeans (Glycine max L.), 
and late soybeans during the latter part of the plan- 
ning period. In 1976 and 1977 declining corn prices 
significantly reduced the return over variable costs for 
corn. Soybeans, therefore, began replacing corn in the 
solution for those years. Mechanically harvested to- 
bacco (Nicotiana tabacum L.) and peanuts (Arachis 
hypogaea L.) are high return crops and were produced 
at their maximum alloted acreage during all five years 
of production. The additional net revenue that would 
be generated from an additional unit of production 
(above the alloted acreage) for mechanically harvested 

TABLE 1.—OPtiMAL FIELD CROP AND FORAGE LEVELS DURING THE FIVE-YEAR PLANNING HORIZON. 

  

  
  

1973 1974 1975 1976 1977 

Field Crop Production} 

Peanuts (hectares) 6.07 6.07 6.07 6.07 6.07 
Soybeans (hectares) 14.57 16.34 9.41 8.96 31.04 
Soybeans planted late§ (hectares) 3.65 11.51 
Irrigated Corn Early Harvest (hectares) 44.01 42.24 49.17 45.97 16.03 
Tobacco Mechanical Harvest (hectares) 2.53 2.53 2.53 2.53 2.53 

Forage Production 

Coastal Bermudagrass Pasture (hectares) 18.44 19.04 15.27 15.04 31.36 
Argentine Bahiagrass Pasture (hectares) 42.04 48.14 28.85 14.69 
Rye-Ryegrass Early (hectares) 14.57 16.34 9.41 8.96 13.12 
Rye-Ryegrass Clover§ (hectares) 3.65 5.44 

Rye-Ryegrass Late§ (hectares) 6.07 
Irrigated Corn Stubble September (kilograms) 79.01 70.24 104.5 88.69 
Irrigated Corn Stubble October (kilograms) 79.01 88.69 

Supplements Purchased 

Coastal Bermudagrass Hay (kilograms) 34,741.79 39,780.03 7,278.60 19.957.44 13,378.18 
  

+The assumption of divisibility allows factors to be used and products to be produced in fractional units. 
{Field crop production was restricted to 67.18 hectares. All cropland was utilized during each year. 
§Soybeans planted late, rye-ryegrass-clover and rye-ryegrass planted late are double-cropping activities that use the same cropland.
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TABLE 2.—BEEF CATTLE INVENTORIES IMMEDIATELY PRIOR TO CULL- 

ING (OCTOBER SALES) IN EACH YEAR. 

  

  

Item 1972t 1973 1974 1975 1976 1977 

Calves 
Steers 32.50 37.74 40.82 1260 27.41 29.19 
Heifers 32.50 37.74 40.82 1260 27.41 29.19 

Yearlings 
Steers 0.00 32.50 37.74 40.82 11.12 27.41 
Heifers 0.00 32.50 37.74 40.82 1260 27.41 

Cows (by age) 
2 6:70) 10:00) 22°46" 12°16) 39:15) 12°60 
3 9.20 6.70 10.00 2246 1216 39.15 
4 12.00 9.20 6.70 448 2246 12.16 
5 12.90 12.00 9.20 2.07 448 22.46 
6 HEE) WAST TT) OR yp EIS 
7 12.90 18.40 WA Ob) OCR BW 
8-10 12:00 1290 1816 0.00 045 0.62 

11-12 9.20 1200 1266 0.00 0.00 0.45 
13-18 6.70 OF? 0 eemn ele Se 00 eam: 0 O00) 

Total cows 100.00 103.30 115.67 42.38 81.39 94.00 

Calving percent 65.00 73.07 70.58 59.46 67.35 62.11 
  

+The assumption of divisibility allows factors to be used and 
products to be produced in fractional units. 

The 1972 inventory was given under the assumption of a 
normal age distribution. 

tobacco and peanuts during the planning period 
ranged from $2,306.18 to $3,773.96 and $28.00 to 
$88.72, respectively. 

Forage activity levels were affected by both field 
crop and beef cattle production levels. The production 
of winter rye (Secale cereale L.)ryegrass (Lolium multi- 
florum Lam.) planted early was the least affected and 
the most consistently produced forage. During the first 
four years, the optimal solution specified the utiliza- 
tion of ‘Argentine’ bahiagrass (Paspalum notatum 
Flugge) pasture to supply some of the nutritional re- 
quirements of the beef cattle through the winter 
months since this perennial produces some forage year 
round. In addition, small levels of irrigated corn 
stubble were also utilized to meet the nutrient require- 
ments of the beef cattle herd. In 1977, however, winter 
rye-ryegrass-clover (Trifoliwm sp.) and winter rye- 
ryegrass planted late were produced as a result of the 
change in field crop activities from irrigated corn early 
harvest to soybeans. ‘The change to soybean production 
made more cropland available to produce the lower 
cost winter annuals. Marginal changes were also re- 
flected in 1976 from reducing the level of irrigated 
corn early harvest. The levels of forage production and 
‘Coastal’ bermudagrass (Cynodon dactylon L. Pers.) 
hay buy activities also varied with the changing in- 
ventory of the beef cattle herd. 

The optimal solution did not transfer any cropland 
or range to pasture. The production of winter forages 
to provide the nutritional requirements through the 
winter months were more profitable than converting 
other land to pasture. 

The initial beef cattle inventory was assumed given 
at the beginning of the planning horizon and the ac- 
tivity levels of the beef cattle enterprises for each of 
the five time periods are presented in Table 2. The 
levels of beef cattle activities varied greatly over the 
period due to changing cattle prices. 

‘The cow production activities changed dramatically 

during the five-year production period as a result of 
changes in cattle prices. During 1973 and 1974 there 
was a buildup in the cow inventories while profits were 
being realized at all levels of production. At the end of 
1974, however, the beef cattle herd was reduced to 
those animals of the highest quality (reflected in terms 
of the weight of calf produced) in the first six age 
groups. Throughout the rest of the planning horizon 
the beef cattle herd increased in size as cattle prices 
increased. 

Heifer and steer calf inventories fluctuated during 
the planning horizon not only because of prices, but 
also due to the number of cows in the herd and, to a 
lesser extent, the percent of cows having calves. ‘The 
heifer and steer yearling activities entered into the 
solution primarily due to the efficient rates of gain 
made during their growing stage in this activity. Al- 
most all calves were transferred to yearling activities 
during the five-year production period. In 1976, how- 
ever, all steer calves were not retained as yearling steers 
since the higher quality steer calves were sold in 1975. 

The beef cattle sold in each year by age are sum- 
marized in Table 3. In 1975 the highest quality steer 
calves were sold since the factor costs would have ex- 
ceeded their marginal value product during the 
yearling activity. The rest of the lower quality steer 
calves were kept and transferred into the yearling 
steer activity. During other years, however, the heifer 
and steer calves were all transferred to yearling activi- 
ties except in the final year (1977) when the heifer and 
steer calves were liquidated since the model did not 
provide for future production (inventory) of these 
activities. 

Steer yearlings were required to be sold since beef 
finishing activities were not considered in this model. 
Heifer yearlings, however, were allowed to be either 
kept as replacements for the beef cattle herd or sold at 
the end of the yearling activity. During the first two 
years of the production period only the higher quality 
heifer yearlings were kept as replacements to build the 
beef cattle herd. In the fifth year all yearling heifers 
were liquidated. 

In 1973 cows were culled primarily due to age as 

TABLE 3.—BEEF CATTLE SOLD IN EACH YEAR BY AGE. 

  

  

Item 1973 1974 1975 1976 1977 

Calves 
Steers 0.00 0.00 1.48 0.00 29.19 
Heifers 0.00 0.00 0.00 0.00 29.19 

Yearlings 
Steers 32.50 37.74 40.82 11.12 27.41 
Heifers 10.04 25.58 1.67 0.00 27.41 

Cows (by age) 
2 0.00 0.00 0.00 0.00 0.00 
3 0.00 a2 0.00 0.00 0.00 
4 0.00 4.63 0.00 0.00 0.00 
5 0.00 8.58 0.00 0.00 0.00 
6 0.22 11.41 0.14 0.00 0.00 
7 0.24 12.68 0.00 0.00 0.00 
8-10 0.24 18.16 0.00 0.00 0.00 

11-12 0.19 T6Gnm 0.00 0.00 0.00 
13-18 9.20 11.81 0.00 0.00 0.00 

Total cows 10.09 85.45 0.14 0.00 0.00 
  

+The assumption of divisibility allows fractional units of beef 
cattle to be sold in October of each year.
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TABLE 4.—SUMMARY OF REVENUES AND COSTS FOR EACH YEAR OF THE PLANNING HORIZON. 

  

      

1973 1974 1975 1976 1977 Average} 

Revenue 
Field crops 52,252.38 64,457.92 58,031.50 58,483.17 42,449.34 55,134.86 
Beef cattle 16,401.94 56,493.81 11,848.92 2,408.19 21,947.16 21,820.00 

‘Total revenue 68,654.32 120,951.73 69,880.42 60,891.36 64,396.50 76,954.86 

Costs 
Field crops 19,666.94 22,147.50 25,194.95 26,422.32 22,895.44 23,265.43 
Beef cattle 13,737.23 17,502.36 10,733.14 10,639.22 14,227.71 13,367.93 
Operator 8,760.00 9,960.00 10,920.00 11,640.00 12,000.00 10,656.00 

Total costs 42,164.17 49,609.86 46,848.09 48,701.54 49,123.15 47,289.36 

Profitt 26,490.15 71,341.87 23,032.33 12,189.82 15,273.35 29,665.50 

  

+Columns and rows may not sum due to rounding differences. 
{Profit is interpreted as the return to land, management and other fixed factors of production. In 1974 beef cattle revenue and profit 

were much higher than other years because of the sale of a large number of cows from the herd in anticipation of low beef cattle prices 
the following year. 

indicated in the 13 to 18-year-old age group. Other 
animals culled in that year were poor quality cows that 
were not lactating the year before. In the second year 
(1974), all animals seven years old and older were re- 
moved from the herd and only the best quality animals 
in the other age groups were retained for future pro- 
duction. During the last two years of the planning 
period no cows were removed from the beef cattle herd 
due to increasing prices. 

Field crop revenue varied over time as product 
prices fluctuated (Table 4). The highest field crop 
revenue occurred in 1974 when both corn and soybean 
prices were at their highest level during the planning 
period. The output revenues produced by mechanically 
harvested tobacco and peanuts were the most consistent 
over time because of slightly increasing product prices. 
The smallest output revenue recorded during the pro- 
duction period was $42,499.34 in 1977, resulting pri- 
marily from low corn prices. Because of fluctuating 
prices the beef cattle output revenues varied drastically 
over time. The largest revenue, $56,493.81, occurred in 

1974 when the herd was severely culled in anticipation 
of the low beef cattle prices the following year. ‘The 
lowest output revenue was recorded in 1976 because 
the production of beef cattle was the smallest and all 
yearling heifers were retained in the herd. 

The fluctuations in input costs for the beef cattle 
herd was similar to the beef cattle output revenues, al- 
though not nearly as drastic. The input costs for forage 
and hay and animal carrying increased steadily over 
time on a per unit basis. The size and structure of the 
beef cattle herd play a major role in determining the 
costs of production. 

Summaries of revenues and costs for each year in 
the planning period are presented in Table 4. It is 
important to realize that only variable costs have been 
included in calculating profit. Total revenues from all 
production activities were moderately consistent over 
time except in 1974 when field crop prices were high 
and a large percentage of the beef cattle herd was 
liquidated in anticipation of decreasing product prices. 
The total revenues from field crops were consistently 
greater than beef cattle revenues. In general, field crop 
revenues averaged 72 percent of the total revenue gen- 
erated, with a high of 96 percent and a low of 53 per- 
cent. 

‘The total costs of producing were much less vari- 
able over the production period than total revenue. 
During the five years of production field crop costs 
represented 40 percent of the average costs of produc- 
tion while beef cattle enterprises incurred 28 percent 
and the farm operator accounted for 23 percent of the 
average cost of production. 

All activities for the five years of production re- 
sulted in a profit of $148,327.50. Beef cattle and field 
crops both played a major role in generating this profit. 
The largest profit occurred in 1974 when field crop 
product prices were high and much of the beef cattle 
herd was liquidated. In 1976, however, the lowest profit 
was recorded due to low field crop and beef cattle 
prices, and all yearling heifers were retained for re- 
building the beef cattle herd. 

‘The average annual profit during the five years of 
production was $29,665.50. The profit over time was 
highly variable, reflecting the composite of high and 
low profit years for both beef cattle and field crops. 
‘The annual profit ranged from 8 percent to 48 percent 
of the total profit for the five-year production period. 

In this analysis a profit maximizing model was 
developed for a specific resource situation. Among 
producers and farmers the available resources vary 
greatly. It is important to recognize the quantity and 
quality of resource available because they help form 
the constraints on production. 

Before adapting the model or extending the results, 
specific limitations must be recognized within the 
analysis. ‘he resource situation, production estimates 
and costs, and model assumptions are limitations that 
cannot be generalized for all situations and provide 
reliable results. 

For other situations, this analysis can be performed 
by adjusting the appropriate factor and product co- 
efficients. It is necessary for one to realize that for a 
given set of factor and product prices, only one level 
of production maximizes profit. 
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Responses of Two Pearl Millets Grown in vitro 
After Inoculation with Azospirillum brasilense’ 

S. GC. SCHANK, Rex L. SMITH AND GLEN C. WEISER? 

ABSTRACT 

Growth responses of pearl millet [Pennisetum amer- 
icanum (L.) K. Schum.] seedlings inoculated with 
Azospirillum brasilense were studied in test tubes and 
small plastic bags. Comparisons were made between a 
pearl millet genotype, ‘Gahi-3’, which previously had 
given increased yields after inoculation in field tests, 
and another genotype, “Tift 186’, which did not re- 

spond. 
Inoculation with live bacterial cells reduced top 

growth and gave a lower total nitrogen content in both 
genotypes. Acetylene reduction was positive but low in 
live inoculation treatments and zero in the controls. 
Immunofluorescent assays indicated a high bacteria 
population of Azospirillum in inoculated treatments, 
whereas the controls were negative. Neither the small 
test tubes nor the plastic bags provided a suitable en- 
vironment for screening bacteria-plant associations 
and predicting their responses in the field. 

Additional Index Words: N.-fixation, Acetylene 
reduction, N content, Plant yield, Root growth, Spiril- 

lum lipoferum. 

  

Ample evidence exists that N.-fixing bacteria-grass 
root associations do occur (7, 8, 9, 12, 14, 19, 23). Three 
years of data from Florida (20) have indicated that 
yield increases are possible after inoculating new stands 
of forage grasses with Azospirillum brasilense. 

Similar yield increases after inoculation have been 
observed in the Bahamas (21) and in India (15). A 
lack of significant response after inoculation has been 
reported in Oregon (3) and Wisconsin (1). In Australia 
(18), a 23% yield increase in tops and a 20% yield in- 
crease in root mass were obtained after inoculating 
digitgrass with A. brasilense in a growth room experi- 
ment. Baltensperger et al. (2) and Benzion and Quesen- 
berry (4) have also noted positive growth responses 
after bacterial inoculation. The production of plant 
growth substances by microorganisms (6, 10, 11, 22) as 
well as N,-fixation may cause the yield responses. In- 
creased yield and nitrogen fixation responses have been 
reported when different grass genotypes are exposed to 
different bacterial strains (2, 4, 5, 13, 16). 

In order to further study the system, we have been 
searching for a simple, consistent, and repeatable 
method that would allow the rapid evaluation of 

1Florida Agricultural Experiment Stations Journal Series No. 
2212. 

2Professors of agronomy and graduate student, Agronomy De- 
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grass/bacterial associations. The objectives of this 
study were: (1) to develop an in vitro screening tech- 
nique which would predict field results; (2) to study 
changes in root growth caused by inoculation; and (3) 
to monitor Azospirillum populations during the ex- 
periment by fluorescent antibody technique (FA). 

MATERIALS AND METHODS 

‘Two genotypes of pearl millet, ‘Gahi-3’ and an in- 
bred parent, “Tift 186’, were tested in two inoculation 
experiments. Previously, Gahi-3 had responded to in- 
oculation and 186 did not (5). In one experiment, the 
seedlings were grown in 15 x 200 mm test tubes with 
fifty grams of autoclaved soil placed in each test tube 
prior to planting. In the other, 6 oz. (170 gm) ‘‘Whirl- 
Pac” plastic bags were used as containers. ‘The soil was 
Arredondo fine sand (Grosarenic Palendult; loamy, 
siliceous, hyperthermic), pH 6.4, low in NH, and NO,, 
and with an organic matter content of 1.5%. 

Seeds were surface sterilized by consecutive 7-minute 
dips in 70% ethanol, 50% Chlorox, and 3% hydrogen 
peroxide. After thorough washing in sterile water, they 
were then germinated on tryptic soy agar (Difco) to 
test for bacterial contamination. Seeds free of contami- 
nation were transplanted into the test tubes or ‘Whirl- 
Pac’ plastic bags. 

Three inoculation treatments were used: (1) a live 
inoculum culture of Azospirillum brasilense strain 
JM125A2 (a Florida isolate) at the high rate of 4 x 108 
cells per tube; (2) a low rate of the same live bacterial 
culture, 4 x 10° per tube; and (3) a control, autoclaved 
JM125A2 culture at the 4 x 108 rate. The experimental 
design was a split-plot with varieties as main plots and 
the three inoculation treatments as sub-plots. There 
were either four or five replications of each millet 
variety at each bacterial inoculation treatment. 

Plants in both experiments were grown adjacent to 
a window in the laboratory, where light at mid-day 
was 30 »Em~ sec +, and average ambient temperature 
was 25 C. Microscope slides placed in each test tube 
and Whirl-Pac bag were removed later for fluorescent 
antibody staining (17). Plants in the test tubes were 
allowed to grow for 40 days before harvest. Those in 
plastic bags were set up in sufficient numbers so that 
four harvests could be made at 10 day intervals, still 
maintaining four replications in each treatment. Tops 
and roots were harvested, weighed, and subsampled for 
microscope studies (17). Visual and microscopic ex- 
aminations were made and photomicrographs were 
taken to document root morphological changes due to 
inoculation. Enumeration of bacteria, acetylene reduc- 
tion, and nitrogen assays were performed as described 
previously (5, 10, 17).
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RESULTS AND DISCUSSION 

Both top and root development in both experi- 
ments were repressed by inoculation (P =.004 and .001). 
Live inoculum reduced dry weight by about one-half 
(Fig. 1). This finding was in direct conflict with previ- 
ous field, greenhouse, and growth room data which had 
shown an enhancement of dry weight after inoculation. 
However, plants in these experiments were grown 
under laboratory conditions in enclosed systems where 
both temperature and light (25 C and 30 pEm? sec -) 
were far from field conditions. 

Acetylene reduction (AR) measured on the plants 
in the test tubes after 30 days of growth and again be- 
fore harvest was low. At 40 days the mean AR value 
was 5 n moles of ethylene produced per tube per hour 
in the inoculated tubes (range 0-29), and zero in the 
control tubes. The plants which showed the higher AR 
values did not have higher % N or total N in tops or 
roots. Ethylene production was linear between 0 and 
24 hours of incubation in the inoculated tubes. 

Immunofluorescence studies from 91 contact slides 
and from reisolations at the end of both experiments 
verified that live bacteria persisted in the soil of all 
inoculated tubes and bags (Table 1). Fluorescent anti- 
body labelled root (FA) preparations showed A. 
brasilense more prevalent on root surfaces of Gahi-3 
pearl millet than ‘Tift 186. At the low inoculation con- 
centration, the FA root tests showed root colonization 
by Azospirillum in only 1 out of 5 test tubes with Tift 
186, but heavy root colonization occurred in all five 
replications at the higher inoculum concentration 
(Table 1). All fungal spores in the soil were not killed 
by autoclaving, because contact slides showed close as- 
sociations between A. brasilense and fungal hyphae as 
well. 

The total nitrogen (N) content of uninoculated 
plants averaged 5.9% N in the tops and 1.5 mg total N, 
while the inoculated treatments averaged 5.4% N in 
the tops and 0.82 mg total N. Uninoculated plant roots 
were likewise higher in % N (2.18 vs. 1.78) and in total 
N (0.35 mg vs. 0.32 mg). 

Harvest results from the Whirl-Pac bags are shown 
graphically in Fig. 2. The linear growth rate is prob- 
ably due to the low light intensity, lower temperature, 
and the confined system. Results from Experiment 2 at 
40 days (Fig. 2) closely paralleled the 40-day harvest 
from Experiment 1 (Fig. 1). 

Fig. 3 shows root and shoot weight relationships. 
The ratios differ from those reported by Gaskins and 
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Fig. 1.Dry harvest weights of two pearl millets grown in 
vitro for 40 days in the laboratory. Inoculated with a Florida 
isolate of A. brasilense. 

TABLE 1.—MEAN Azospirillum POPULATION SCORES MADE BY FA 
TECHNIQUE AND MEAN ACETYLENE REDUCTION VALUES IN N MOLES PER 

TUBE PER HOUR. 
  

  

FA VALUES* 

Contact Soil Re- AR 
Treatment Slides Roots Isolates AR Range 

186 Dead Inoc 1.0 0.0 0.5 0.0 0 
Gahi-3 Dead Inoc 0.3 0.0 0.0 0.0 0 

186 Low Live 2.6 0.6 3.0 12.1 0-29.3 
Gahi-3 Low Live 3.0 3.0 3.0 5.2 0-26.1 

186 High Live 2.8 3.0 3.0 0.0 0 
Gahi-3 High Live 3.0 3.0 3.0 8.2 0-16.3 

  

*Each mean in the table is based on 5 replications. A score 
between 2.5 and 3.0 is considered FA positive. 
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Fig. 2.-Green harvest weights of two pearl millets grown in 
plastic bags in the laboratory after inoculation with A. brasilense. 
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Fig. 8.—Dry harvest weights of tops and roots of two pearl 
millets grown in vitro for 40 days in the laboratory after inocula- 
tion with A. brasilense,
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Fig. 4—Photographs of uninoculated (left) and inoculated (right) pearl millet or ‘Gahi-3’. Magnif. x 10. 

Hubbell (11), but the current data were obtained from 
soil-grown plants. Live bacteria caused a proliferation 
of root hairs and lateral roots (Fig. 4). Sand particles 
trapped by these roots made it impossible to separate 
soil particles from roots. Nevertheless, these observa- 
tions further verify the previously reported root hair 
proliferation (18, 22, 24) which may be an important 
mechanism for promoting yield increase under field 
conditions. It is a phenomenon which should be 
studied further. 

We conclude that the methods described cannot be 
used to predict responses of field grass-bacteria associa- 
tions under natural conditions. Plant growth was so 
restricted that energy substrate provided by the plant 
to the bacteria was probably deficient. It appeared that 
a competitive system between plants and bacteria was 
established rather than a synergistic one. Further 
searches for an improved laboratory screening system 
are necessary to evaluate large numbers of plant geno- 
type and bacterial strain combinations for associative 
N.-fixation. 
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A Comparison of Insect Pest Populations in Natural and 
Chemically Treated Plots of Alfalfa With and Without Irrigation’ 

D. R. MINNICK AND O. C. RUELKE? 

ABSTRACT 

Populations of the alfalfa weevil [Hypera postica 
(Gyllenhal)] and two species of aphids, the pea aphid 
[Acyrothosiphon piswm (Harris)| and the spotted 
alfalfa aphid [Therioaphis maculata (Buckton)| were 
compared in natural and chemically sprayed plots of 
alfalfa (Medicago sativa L.). Weevil numbers were ex- 
tremely high but effectively controlled with Ambush® 
and Vydate®. Plants in untreated plots were heavily 
defoliated by weevil populations. Plant survival was 
better in all instances in treated plots. Aphid pests were 
maintained below threshold numbers by natural fac- 
tors. 

Additional Index Words: Hypera postica, Acyrtho- 
siphon pisum, Therioaphis maculata, Medicago sativa. 

  

In the Spring of 1977 studies were initiated at the 
Agronomy Research Unit at the University of Florida 
to ascertain the insect pests prevalent in ‘Florida 66’ 
alfalfa, Medicago sativa L., and the biological agents 
that might possibly affect control (4, 5, 7). A list of 21 
insect pests was compiled (6, 9). Quantitative indices 

revealed that pests were most prevalent during early 
spring, late summer and early fall months. 

From March to June populations of the alfalfa 
weevil [Hypera postica (Gyllenhal)], the pea aphid 
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[Acyrthosiphon piswm (Harris)], and the two spotted 
alfalfa aphid [Therioaphis maculata (Buckton)], were 
abundant. 

Late summer and early fall pests belonged to a 
Lepidoptera or moth complex consisting of the corn 
earworm [Heliothus zea (Boddie)], the fall armyworm 
[Spodoptera frugiperda (J. F. Smith)], the velvet bean 
caterpillar [Anticarsia gemmatalis (Hubner)], and the 
striped looper [Mocis sp.]. 

Whenever bloom was present the flower thrips 
[Frankliniella bispinosa (Morgan)] was evident in the 
blossoms. 

A list of 23 arthropod predators was compiled as 
potential biological control agents (6, 9). 

In the Spring of 1979, investigations continued but 
focused on two specific objectives. The first was to 
monitor the alfalfa weevil and aphid populations in 
plots exposed to natural versus chemical control tactics. 
A second objective was to determine if the variables of 
insect pests and irrigation were involved in alfalfa seed 
production. 

MATERIALS AND METHODS 

Plot replication: A three year-old stand of Florida 
66 alfalfa at the Agronomy Research Farm at Gaines- 
ville, Florida, was divided into two equal parts. One 
portion was irrigated; the other served as the non- 
irrigated sector. These irrigated and non-irrigated areas 
were divided each into six equal sections making a 
total of 12 plots, approximately 14.6 x 20.1 meters. 
Three plots in each of the respective areas were desig- 
nated as natural plots, while the remaining three plots
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served as the area to receive chemical insecticide treat- 
ment. 

In this manner each variable was replicated three 
times. In summary, the variables were: biological or 
natural control/ irrigated and non-irrigated and chem- 
ical control/ irrigated and non-irrigated. 

Insect sampling: Insect stmpling was conducted at 
weekly intervals. Sometimes rain or other abiotic con- 
ditions prevented sampling at seven-day intervals. 
Samples were taken between ten and twelve A.M. (8). 
Sampling consisted of taking five random sweeps 
within each plot with an insect net (1, 2, 3). The net 
was a conventional beating net with a 39-cm diameter. 
Random sweeps were taken using the standard 180° 
arc sweep (2). Pest species were identified and the 
counts recorded. 

Sampling of yield and plant damage: Seed was har- 
vested on July 3rd from each plot with a plot combine. 
The seed was taken from the plants in the center of the 
plots by harvesting a 1.52 x 20 m strip. The seed was 
dried and weighed. 

Plant damage was also measured by counting the 
numbers of viable plants remaining in a linear meter 
of each plot. Three one-meter lengths of row of alfalfa 
plants were located and staked-out at random within 
each treatment so that survival of the plants could be 
monitored repeatedly throughout the growing season. 
Stand counts were made following each seed harvest. 

Chemical application: All chemical insecticide ap- 
plication was conducted with a Red Devil Boom 
sprayer with 30 psi (2.1 kg/cm?) at the nozzle heads. 

The larval stage of H. postica was sprayed March 
20th with Ambush® emulsifiable concentrate 2E at 
0.056 kilograms/hectare, and again on March 24th 
with a double rate of the same insecticide. 

An outbreak of F. bispinosa was controlled with an 
application of Ambush® 2E at the double rate of .112 
kilograms/hectare. Adult H. postica were sprayed on 
April 20th with a Vydate® emulsifiable concentrate 2E 
at a rate of 0.561 kilograms/hectare. 

Irrigation: Due to frequent summer rains, the ir- 

rigated sector was irrigated only on March 26th, April 
6th and April 24, 1979. Favorable moisture conditions 
later in the growing season negated the need for addi- 
tional irrigation during the Summer of 1979. 

RESULTS AND DISCUSSION 

Larvae: The alfalfa weevil was first noted in the 
Spring of 1977. Population numbers were small and 
damage was minimal. Again in the Spring of 1978 the 
weevil was evident but in small numbers. At its peak, 
larval counts averaged 17 per five sweeps or an average 
of between three and four per sweep. The 1978 in- 
formation indicated that the weevil population would 
peak sometime the last of March. On March 20, 1979, 
larval counts signaled that the weevil population was 
not only entrenched in the alfalfa but had in fact ex- 
ploded. Counts were between 199 and 294 per five 
sweeps or an average of 59 weevils per sweep. Plant 
damage was extremely heavy in all plots (Fig. 1). 

Subsequently, chemically managed plots were 
sprayed with Ambush®. Sampling indicated that the 
weevil was still evident at 6 to 8 per sweep after spray- 
ing so the rate was doubled and the plots sprayed 
again. Thereafter, all counts in the chemical plots for 
the remainder of the season were below 20/5 sweeps 
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Fig. 1—H. postica (alfalfa weevil) populations on M. sativa, 
Spring 1979 (larvae). (IRR refers to irrigation practices; Biol. 
and Id. refer to natural or biological control and insecticidal 
control tactics, respectively). 

or four per sweep. The figure on H. postica larval pop- 
ulations also shows that there were no appreciable dif- 
ferences between the irrigated and non-irrigated sec- 
tions. The moisture variable would seem to have little 
influence between the insects in the respective areas, 
because of appreciable summer rains. It can be seen 
that counts in the biological plots also were brought 
under control by natural conditions but not before the 
weevils caused extreme plant defoliation. Work is in 
progress in the Department of Entomology and Nem- 
atology to establish what natural enemies may be re- 
sponsible for suppressing the weevil. 

Although it is evident that immature weevils were 
controlled by the chemical, numbers of late larval in- 
stars would decrease in time due to metamorphosis 
into successive stages. As expected, the disappearance 
of larval forms coincided with the appearance of the 
adult stage (Fig. 1 and 2). 

Adults: Adult specimens did not become evident 
until the first week of April. As the larval counts 
diminished, the adult population increased to a peak 
of 36 per 5 sweeps in the non-irrigated chemical areas 
(Fig. 2). Since the samples of adult weevils in the chem- 
ical areas were above those in the natural plots, the 
chemical areas were sprayed with Vydate®. Immedi- 
ately after spraying, adults were not evident. In sub- 
sequent weeks the adult counts stayed below one weevil 
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Fig. 2—H postica (alfalfa weevil) populations on M. sativa, 
Spring 1979 (adults). (IRR refers to irrigation practices; Biol. 
and Id. refer to natural or biological control and insecticidal 
control tactics, respectively).
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per plot. ‘The populations of adults diminished also in 
the biological plots but not nearly as abruptly as those 
in the chemical areas. 

The weevil undergoes a summer dormancy or 
estivation. Perhaps the disappearance of the adults is 
not totally the result of controlling agents but due to 
this built-in survival mechanism. 

Population levels were for the most part parallel 
between non-irrigated and irrigated sectors. ‘This seems 
to indicate that there was no appreciable moisture 
difference between the areas to the extent that it caused 
a disparity between the respective populations. 

Aphids: Aphid numbers were not in excess to cause 
significant damage. Regardless of the control tactic em- 
ployed (Fig. 3), sampling revealed the presence of at 
least five aphid predators in abundance. These pred- 
ators such as lady beetles, ants, wasps, flies, earwigs, 
et cetera seem able to hold the aphid populations in 
check. 

Thrips: It is unknown if thrips cause an attrition 
of seed production in alfalfa. As a precaution, a large 
thrips population was managed with an application 
of insecticide (10). 

Plant yield and damage: The seed harvest from all 
plots was disappointing. Seed yields were too low to 
arrive at significant conclusions. The average differ- 
ences, however, between chemical and biological plots 
in the non-irrigated sector varied by a factor of 2400 
and those in the irrigated by a factor of 12 (Tables 1 
and 2). Reason(s) for the low yield has yet to be re- 
solved. Some factors that will be considered in future 
investigations are micronutrients, pollination, mois- 
ture, and the presence of a large number of false chinch 

bugs, Nysius raphanus Howard (Hemiptera: Ly- 
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Fig. 3.—Aphid spp. populations on M. sativa, Spring 1979. 
(IRR refers to irrigation practices; Biol. and Id. refer to natural 
or biological control and insecticidal control tactics, respectively). 

TABLE 1.—SEED YIELD AND PLANT STAND OF M. sativa TO VARIABLES 
OF INSECTS AND IRRIGATION (1ST HARVEST). 

  

  

Moisture Insect 7/3/79 7/11/79 
Control Control Kg/Ha Seed Plants/M 

No Chemical 13.4400 Onl 
Irrigation Biological .0056 7.6 

Irrigation Chemical -0336 6.8 
Biological 0028 6.3 
  

TABLE 2.—SEED YIELD AND PLANT STAND OF M. sativa TO VARIABLES 
OF INSECTS AND IRRIGATION (2ND HARVEST). 

  

  

Moisture Insect 8/28/79 9/7/79 
Control Control &g/Ha Seed Plants/M 

No Chemical 27.78 7.7 
Irrigation Biological 16.13 6.4 

Irrigation Chemical Teele 6.0 
Biological 46.37 5.6 
  

gaeidae). The insect is known to be a seed feeder but 
is not associated with reducing seed yield in alfalfa. 

The differences in plant stands per linear meter 
were higher in both the first and second harvest for 
non-irrigated plants (Tables 1 and 2). The chemical 
plots had a better plant stand in all instances than the 
biological plots. 
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Effect of Age of Bahiagrass Sod on Succeeding Corn Crops’ 

A. J. Norprn, V. G. Perry, F. G. Martin, 
AND J. NESMITH? 

ABSTRACT 

This study was designed to determine effects, un- 
confounded by seasons, of 0 to 5 year-old bahiagrass 
(Paspalum notatum Flugge) sod on yield and quality 
of subsequent corn (Zea mays L.) crops; and to provide 
information as to factors responsible for the observed 
beneficial effects. 

‘The experiment was a 6 x 4 x 2 factorial of years in 
sod, plot type, and crop order, in a randomized com- 
plete block arrangement. Two blocks were used. Previ- 
ously designated plots were seeded each year to bahia- 
grass while the remaining plots were maintained in a 
cultivated crop rotation of corn and peanuts (Arachis 
hypogaea L.). Duplicate soil samples, taken annually, 
were analyzed for major plant nutrients and nema- 
todes. After 5 to 7 years all the plots were planted to 
peanuts and corn for two successive years. A total of 
18 responses associated with yield and plant character- 
istics of the corn, soil macro-nutrient levels and the 
numbers of various species of nematodes were meas- 
ured. 

_All responses except P and spiral nematodes 
(Helicotylenchus mannus Steiner), were significantly 
affected by the age of the sod. Corn yield increased 
linearly with years in sod, being greatest after one 
year. There were only four responses, however, for 
which the effect of time in sod did not interact with 
either plot type or crop order. These responses were 
the numbers of sting (Belonolaimus longicaudatus 
Rau), stubby root (Trichodorus christie: Allen), and 
root knot (Meloidogyne incognita) nematodes, and 
the plant height. Stubby root nematode infestation 
appeared to be minimized by keeping the land in sod 
for four years. Sting nematode numbers however, de- 
creased for four years and then increased to a max- 
imum number the fifth year. Root knot nematode in- 
festation was high after the first and fourth years in 
sod and declined to the lowest number after five years. 
Corn plant height increased to its maximum at four 
years in sod. Sod significantly increased the ear height, 
but the age of the sod had no detectable effect on the 
response. 

Crop order had a significant effect on every re- 
sponse except soil P, number of sting and spiral nem- 
atodes, and plant height. However, the effect generally 
depended on the years in sod and/or plot type. All 
responses except ear height exhibited a significant plot 
type x crop order interaction. When a significant crop 
order difference occurred in the corn response, the 
higher value was associated with crop order 2. The 
increase in number of nematodes in the corn plots 
during the second year was not statistically significant. 

Additional Index Words: Crop rotation, Sod-based 
rotation, Nematodes. 

1Contribution of the Florida Agricultural Experiment Stations 
as Journal Series No. 2213. 

2Professors, Departments of Agronomy and Entomology- 
Nematology; Associate Professor, Statistics; and Associate Pro- 
fessor (Deceased), Soil Science; Institute of Food and Agricul- 
tural Sciences, University of Florida, Gainesville, Florida 32611. 

‘Pensacola’ bahiagrass (Paspalum notatum Flugge) 
is an improved perennial grass with good forage qual- 
ity and a wide tolerance to soil fertility, moisture, tem- 
perature, and soil acidity and is widely grown in the 
southeastern United States, including 671,000 ha in 
Florida. Burton et al. (1) found that Pensacola bahia- 
grass produced 10,360 kgs of oven dry roots/ha, a total 
of 46% more than any other grass in the test which 
included five commonly grown forage pasture species. 

It has been observed that some cultivated crops 
give higher yields and a more uniform and higher 
quality product when following grass sod (6, 7, 8, 9, 
10). Also, there is some evidence that permanent pas- 
tures of grasses are less productive than pastures 
plowed and seeded periodically. L’Hote (5) concluded 
that pastures in a crop-and-pasture rotation are usually 
more productive than permanent pastures. De Vane 
et al. (2) reported higher soil N and organic matter 
(OM) levels under bermudagrass and bahiagrass sod 
than in adjacent cultivated fields. Beaty and Tan (2) 
found that plots, after three years of bahiagrass, had 
23% more N than fallow plots, soil OM content to a 
30 cm depth had more than doubled, and that bases 
had accumulated in the soil surface under sod but 
were concentrated lower in the soil profile under 
fallow. 

‘The observed beneficial effects of sod on subsequent 
cultivated crops have in most cases been confounded by 
seasons. The amount of increase that can be expected 
is not outlined very clearly nor is the number of years 
that land must remain in sod before these benefits can 
be derived. Growers want to know if it would be eco- 
nomical for them to incorporate a grass sod into their 
cultivated crop rotation. This long-range study was 
designed to remove the seasonal influence while de- 
termining the effect of age of bahiagrass sod on the 
yield and quality of subsequent crops of corn (Zea 
mays L.) and peanuts (Arachis hypogaea L.). This 
paper concerns the effects of 0 to 5 year-old Pensacola 
bahiagrass sod on the yield and characteristics of sub- 
sequent corn crops. 

MATERIALS AND METHODS 

The experiment was initiated in 1959 with the 
collection and analyses of surface and subsurface soil 
samples from each of the experimental plots. Dolomitic 
lime was broadcast over the experimental area at 2.24 
mt/ha on October 1, 1959 and disked in prior to seed- 
ing a winter cover crop of rye (Secale cereale L.) The 
experimental design was a 6 x 4 x 2 factorial in a 
randomized complete block arrangement. Designated 
plots were seeded annually to bahiagrass while the 
remaining plots were maintained in a two-year rotation 
of corn in the even-numbered years and peanuts in the 
odd-numbered years with a winter cover crop planted 
each fall. Each plot, 12.2 x 15.2 m, was surrounded by 
bahiagrass borders 7.6 m wide running east to west and 
3.0 m wide running north to south. 

The number of plots in the cultivated crops de-
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creased each year and the numbers in bahiagrass in- 
creased until the previously designated grass plots 
were plowed and divided in half (six rows, 15.2 m long 
of peanuts and six rows of corn) to provide simul- 
taneous information on the effects of 0, 1, 2, 3,4 and 5 
year-old sod on the subsequent crops of corn and 
peanuts. 

Soil test results from duplicate composite samples, 
obtained annually from each plot during July, were 
used as a guide in determining the kinds and rates of 
plant nutrients to apply in order to lessen soil hetero- 
geneity. The analyses of variance of the corn yield data 
in 1960 and 1962 showed that the plot means involved 
in the years in bahiagrass variable were not statistically 
different at the .05 level, indicating that no systematic 
differences existed among the plots which might bias 
the test for treatment effects. 

The duplicate soil samples taken from each plot in 
July were also analyzed to determine the species and 
numbers of plant parasitic nematodes present. ‘Thus, 

the annual level of major soil nutrients and the status 
of the nematode populations in the bahiagrass and in 
the corn-peanut rotation were available and provided 
information annually on changes that were taking 
place. The procedures used in obtaining and analyzing 
the soil samples for species and numbers of nematodes, 
and the effects of the cropping sequence on the nema- 
tode populations in the experimental plots during the 
first four years of the study, were reported by Perry and 
Norden in 1963 (7). 

The production practices followed throughout the 
course of the experiment in regard to plant nutrient 
applications, chemicals for pest control, and handling 
the -bahiagrass were reported by Norden et al. in 
1977 (6). 

The husked ears of ‘Dixie 18’ hybrid-corn were har- 
vested from three samples per plot for yield determina- 
tion. Each yield sample consisted of single rows 15.2 m 
long with 96.5 cm spacing between rows and within 
row plant spacings of 46 cm to 51 cm. In addition to 

TABLE 1.—MEAN SQUARES AND LEVELS OF SIGNIFICANCE FROM THE ANALYSIS OF VARIANCE. 

  

Corn yield and plant characteristics 
  

  

  

  

  

  

  

    

Source of Yield Plants Plant ht. Ear ht. Ears har. 
variation DF kg/ha per 14.7m2 cm. cm per 14.7m2 

Blocks 1 266 67* 16 4 60 
Years in sod (Y) 5 1595** Sia Same Oa 282** 

Plot type (PT)+ 3 75 248 ** 21 82% 275** 
Waxaball 15 206* D2 41 28 95* 
Crop order (C) 1 283 MS 3 bees 124 429% * MD 
VaexaC; 5 224 NG 2a 40 55* NEM 
PAL se 3 20s 30d men 59 12 1040** 
Vee xap boa ea 15 144 25 14 8 61 

Error 47 108§ 14 43 20 43 

Soil characteristics 

Source of Available kg/ha 

variation DF pH Ca Mg iP K 

Blocks 1 0.070 282317* 34694* 96 468 
Years in sod (Y) 5 0.159* 441556** 20743* 87 2200 

Plot ape (PT)t 3 0.664** gop Sia 41410** elie 10162** 
axe ball 15 0.216** 344481 ** 16263** . 154 1768* 
Crop order (C) 1 0.020 402486** 3788 4 33 
YxC 5 0.048 16157 2556 44 972 
Pt sx G, 3 0.290** 272530** 56008** 289 4022** 
Ws DIU 5 € 15 0.050 34164 5940 98 832 

Error 47 0.060 39645 6334 135 824 

Source of Nematodes 

variation DF Ring Sting, Stubby root Root knot Spiral 

Blocks 1 1276 eS ee 341 1803 455 
Years in sod (Y) 5 2916 1014* 46 Oe OOD mam 531 

Plot type (PT)} 3 4135 817 204 5190* 667 
VW se DE 15 4066* 778 120 2019 535 
Crop order (C)} 1 3750 1962 39 af 451 _ 429 
YxC 5 7790* 557 198 3190 583 
PTxC 3 18847** 307 489* 3982* 446 
WORE IPIE SC) 15 3188 347 152 1775 ~ by) 

Error 47 1908 489 119 1351 559 

  

*, **Sionificant at the 0.05 and 0.01 levels, respectively. 
+The seasonal effects for 1966, 1967 and 1968 including the first and second crops after the sod was plowed under. e.g. Plot.'type (1) 

is the first crop in 1966, (2) the first crop in 1967, (3) the second crop in 1967, and (4) second crop in 1968. 
{Crop order | is the response the first year after the sod was plowed under and crop order 2 is the response the second year after 

plowing. 
$Only 46 degrees of freedom for error.
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yield, data were taken on the number of plants per 
plot, height to top of upper ear (ear height), height to 
top of tassel (plant height), and number of ears. 

The macro-nutrient levels and the numbers of 
various species of nematodes present in the soil were 
measured including: soil-pH, Ca, Mg, P, and K; 

nematodes-ring (Criconemotdes curvatum Raski), sting 
(Belonolaimus longicaudatus Rau), dagger (Xiphinema 
americanum Cobb), root lesion (Pratylenchus brachy- 
urus Goodey), lance (Hoplolaimus coronatus Cobb), 
stubby root (Trichodorus christiei Allen), root-knot 
(Meloidogyne incognita), and spiral (Helicotylenchus 
mannus Steiner). The data were statistically analyzed 
with the exception of the counts for dagger, root lesion, 
and lance nematodes, all of which showed a high per- 
centage of zero values. 

RESULTS AND DISCUSSION 

Table 1 contains the summary of the analyses of 
variance. Only mean squares have been provided since 
the sums of squares can be obtained by multiplying 
the mean squares by their degrees of freedom. Signif- 
icant effects have been indicated by asterisks after the 
appropriate mean squares. 

A single missing value occurred for the five re- 
sponses: corn yield, number of corn plants, plant 
height, ear height, and number of ears harvested. 

Estimates for these missing observations were obtained 
for use in the analysis and one degree of freedom for 
estimating the experimental error was subtracted for 
each of the five responses involved. 

The main effect means associated with corn yield 
and plant characteristics are provided in Table 2, 

TABLE 2.—MEAN INFLUENCE OF YEARS IN BAHIAGRASS SOD, PLOT 

TYPE (SEASON + CROP ORDER), AND CROP ORDER ON THE YIELD AND 
PLANT CHARACTERISTICS OF CORN. 

  

Corn yield and plant characteristics 

means associated with soil pH and available macro- 
nutrients in Table 3, and those associated with num- 

bers of eight species of nematodes in Table 4. 
All responses analyzed, except P, spiral, and ring 

nematodes, were significantly affected by the number 
of years the land was in sod. There were only four 
responses, however, for which the effect of time in sod 
did not interact with either plot type or crop order. 
These responses were plant height and the numbers of 
sting, stubby root, and root knot nematodes. For these 
responses, the regression relationship with time was 
estimated and quadratic relationships were found for 
both number of sting nematodes and plant height. 
These relationships indicated that stubby root nema- 
tode infestation would be minimized by keeping the 
land in sod 4 years. Plant height initially increased 
with time reaching a maximum at 4 years. 

For sting and root knot counts, very complex rela- 
tionships were obtained and an analytical investigation 
of the equation is probably not worthwhile. Data indi- 
cate that stubby root infestation increased to a max- 
imum around the fourth year in sod and then rapidly 
decreased (Table 4). Root knot, on the other hand, 
appears to have cycles opposite to those of stubby root, 
having high peaks after the first and fourth years in 
sod. 

Crop order (response the first and second year after 
the sod was plowed) had a significant effect on every 
response except soil P, number of sting nematodes, 
number of spiral nematodes, and plant height. How- 
ever, the effect generally depended on the years in sod 
and/or plot type. Of the eleven responses, all but ear 
height exhibited a significant plot type x crop order 
interaction. When a significant crop order difference 
occurred in the corn response, the higher value was 

TABLE 3.—MEAN INFLUENCE OF YEARS IN BAHIAGRASS SOD, PLOT 
TYPE (SEASON + CROP ORDER), AND CROP ORDER ON SOIL pH AND 
AVAILABLE MACRONUTRIENTS FROM DUPLICATE SOIL SAMPLES COL- 

LECTED IN EACH PLOT IN JULY OF 1966, 1967, AND 1968. 

  

  

  

  

Plants Ears har. 
Yield per Plantht. Ear ht. per kg/ha available nutrients 

Main effect kg/ha 14.7m2 cm cm 14.7m2 Main effect pH Ca Mg P K 

Years in sod =e BA =. my ee Years in sod < ae se NS 

0 2694 44 217 133 36 0 6.3 989 164 33 121 
1 4147 40 244 144 45 1 6.1 711 140 31 105 
2 3949 39 240 140 43 2 6.1 846 155 82 111 
3 4170 39 246 145 45 3 6.2 1064 212 34 109 
4 4149 38 247 145 46 4 6.2 903 172 32 113 
5 4462 41 245 144 49 5 6.0 772 171 32 96 

Plot typet NS i NS — Ne Plot typet wie ae UK 2 —s 

1 3869 36 238 137 40 1 5.9 694 147 30 85 
2 4066 42, 242 142 45 2 6.1 1015 196 35 118 
3 3965 40 242 140 44 3 6.2 841 143 32 109 
4 3815 43 238 148 48 4 6.3 973 190 31 131 

Crop order} NS < NS ae oe Crop ordert NS xs NS NS NS 

1 4527 36 237 136 40 1 6.2 953 164 32 112 
2 4407 44 243 147 48 2 6.0 871 187 31 92 

  

{Plot type (1) = Ist crop in 1966, (2) = Ist crop in 1967, (3) 
= 2nd crop in 1967, (4) = 2nd crop in 1968. 

{Crop order (1) = The first corn crop after the bahiagrass 
sod was plowed under, crop order (2) is the corn crop the 2nd 
year after the grass sod was plowed. 

*, **Significant at .05 and .01 levels, respectively. 
NS Not significant at .05 level. 

{Plot type (1) = Ist crop in 1966, (2) = Ist crop in 1967, (3) 
= 2nd crop in 1967, (4) = 2nd crop in 1968. 

{Crop order (1) = The first corn crop after the bahiagrass 
sod was plowed under, crop order (2) is the corn crop the 2nd 
year after the grass sod was plowed. 

*, **Significant at .05 and .01 levels, respectively. 
NS Not significant at .05.
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TABLE 4.—MEAN INFLUENCE OF YEARS IN BAHIAGRASS SOD, PLOT TYPE (SEASON + CROP ORDER) AND 
CROP ORDER ON THE NUMBERS OF 8 SPECIES OF NEMATODES FOUND IN THE CORN PLOTS IN JULY OF 1966, 

1967, AND 1968. 

    

Species of nematodes—mean numbers per plot sample 
  

    

    

Main effect Sting Dagger Root lesion 

Years in sod C NA NA 

0 30.6 0.2 2.3 
1 23.4 0.3 2.8 
2 22.5 0.8 1.1 
3 13.6 1.3 1.7 
4 13.7 0.6 3.4 
5 32.2 3.6 1.3 

Plot typet NS NA NA 

1 Zoe] 0.5 1.7 
2 25.0 1.3 hY 
3 26.0 ro 2.1 
4 ot 0.3 eS) 

Crop ordert NS NA NA 

1 14.4 0.8 1.2 
2 21.3 2.5 3.0 

  

Lance Stubby root = Root knot Spiral Ring 

NA se ee NS NS 

2.5 4.7 22.5 0.2 54.4 
4.9 9.0 51.7 0.0 73.9 
2.8 6.3 27.2 0.0 62.9 
3.2 16.0 15.6 0.0 474 

0.2 0.6 36.1 15 36.8 
0.0 3.0 2.5 14.4 44.1 

NA NS - NS NS 

3.6 10.7 13.0 0.0 62.1 
3.3 6.1 46.2 10.6 45.3 
1.9 3.8 27.1 0.1 39.1 

0.3 ong 17.5 0.0 66.5 

NA NS NS NS NS 

3.1 7.2, 23.8 0.6 34.0 
1.5 6.0 28.1 4.8 21.1 

  

tPlot type (1) = Ist crop in 1966, (2) = Ist crop in 1967, (3) = 2nd crop in 1967, (4) = 2nd crop in 1968. 
{Crop order (1) = The first corn crop after the bahiagrass sod was plowed under, crop order (2) is the corn crop the 2nd year after 

the grass sod was plowed. 
*, **Significant at .05 and .01 levels, respectively. 
NS Not significant at .05 level. 
NA Not statistically analyzed. 

associated with crop order 2. Although the numbers of 
nematodes were generally higher in the corn plots the 
second year, the differences were not statistically sig- 
nificant. Norden et al. (6) reported that the yield of 
the first crop of peanuts following an established bahia- 
grass sod was significantly higher than for the second. 
With this in mind farmers could benefit by following 
an established bahiagrass sod with peanuts first and 
then corn after the peanuts. 
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Effect of Herbicides Applied to Corn on Subsequent 
Tomato, Pepper, and Cucumber Crops’ 

P. H. Everett, R. S. KALMBACHER, C. CHAMBLISS, 
AND D. H. TEEM? 

ABSTRACT 

Several herbicides were compared for their effect 
on weed control and field corn (Zea mays L.) yield. 
Some of these herbicides, because of residual toxicity, 
have label restrictions requiring a waiting period of up 
to 24 months before planting susceptible crops. ‘To 
evaluate the potential residual toxicity of these herbi- 
cides under south Florida conditions, tomatoes (Ly- 
copersicum esculentum L.), bell pepper (Capsicum 
frutescens L.), and cucumbers (Cucwmis sativus L.) 

were planted six to eight months after the herbicides 
had been applied to field corn. 

Corn yields were significantly (P<0.05) affected by 
herbicide treatments in both 1977 and 1978. Yields 
were directly related to the amount of weed control 
(P<0.01) except with the combination of alachlor + 
metribuzin in 1977. Correlations between corn yield 
and weed control were —0.74 and —0.54 in 1977 and 
1978, respectively. 

Neither seedling growth of cucumber, fruit size of 
tomato or pepper, nor yield of the three vegetable 
crops was significantly affected by any potential herbi- 
cide residue when compared to the no herbicide treat- 
ment. Factors influencing herbicide persistence are dis- 
cussed. 

Additional Index Words: Weed control, Land use, 
Herbicide persistence. 

Rotating corn (Zea mays L.) with vegetables in 
south Florida could result in more efficient use of 
residual fertilizer, a reduction in plant pests, and pro- 
vide for improved land use. However, there is concern 

that herbicides used for corn production may have 
sufficient residual toxicity to cause damage to subse- 
quent vegetable crops. 

Some herbicides, such as alachlor (2-chloro-2’,6’- 
diethyl-N-(methoxymethyl)acetanilide), cyanazine (2- 
| [4-chloro-6-(ethylamino)-s-triazin-2-yl]amino]-2-methyl- 
propionitrile), pendimethalin (N-(1-ethylpropy]l)-3,4- 
dimethyl-2,6-dinitrobenzenamine), and paraquat (1,1’- 
dimethyl-4,4’-bipyridinium ion), do not persist past the 

harvest of the labeled crop, or they leave no harmful 
residue. Labels on other herbicides specify a required 
time interval before vegetable crops can be grown 
without residual herbicide injury. The following four 
herbicides require a waiting period for non-labeled 
crops: ametryn (2-(ethylamino)-4-(isopropylamino)-6- 
(methylthio)-s-triazine), 12 months to 24 months; 
metolachlor (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2- 
methoxy-l-methylethyl)acetamide, 18 months; metri- 
buzin (4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5 

1Florida Agricultural Experiment Stations Journal Series No. 
2204. 

2Professor, Agricultural Research Center, Immokalee, FL 
33934; Assistant Professor, Agricultural Research Center, Ona, 
FL 33865; Assistant Professor, Agricultural Research and Educa- 
tion Center, Bradenton, FL 33508; and Associate Professor, Uni- 
versity of Florida, Gainesville, FL 32611. 

(4H)-one), 18 months; and atrazine (2-chloro-4-(ethyl- 
amino)-6-(isopropylamino)-s-triazine), 12 months. 

Considerable research has been conducted on the 
accumulation and dissipation of residual herbicides as 
affected by various soil properties and climatic factors 
(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12). Soil properties which 
usually favor herbicide residue accumulation are high 
clay and/or organic matter content, high ion exchange 
capacity, and low soil pH. Climatic factors favoring 
accumulation are low temperature and low rainfall. In 
south Florida the combination of sandy, low organic 
matter soils, high temperatures and high rainfall 

(Table 1) should reduce the likelihood of herbicide 
persistence problems. In Indiana, Libik and Romanow- 
ski (8) observed no yield reduction of transplanted 
tomato (Lycopersicum esculentum L.) one year after 
applying 2.24 and 4.48 kg/ha of atrazine and cyanazine 
to corn grown on a fine sand with 0.6% organic matter. 
Yields from cucumbers (Cucumis sativus L.) seeded 
90 days after applying these same rates of cyanazine or 
atrazine were not reduced. 

‘The effect of many corn herbicide residues on vege- 
tables has not been reported. This research was de- 
signed to compare the persistence of several herbicides 
or combinations of herbicides used for weed control in 
spring planted corn on the yield and fruit size of fall 
planted tomato, bell pepper (Capsicum frutescens L.) 
and cucumber crop. 

MATERIALS AND METHODS 

This study was conducted at the Immokalee Agri- 
cultural Research Center in south Florida. The soil 
was an Immokalee fine sand with a pH of 6.7 and 1 to 
1.5% organic matter. Spring corn and fall vegetables 
were irrigated by an open-ditch seepage system w.... 
laterals on 12.2 m centers. 

CorN PRODUCTION 

Fertilization for corn consisted of a preplant appli- 
cation of 168-30-186 kg/ha of N-P-K, respectively, in 

TABLE 1.—RAINFALL AMOUNTS FOR 1977 AND 1978. 

  

  

Month 1977 1978 

ee Cee Net Cm ee 

January 11.0 6.9 
February 2.9 4.6 
March 0.2 9.4 
April 0.5 6.7 
May 7.1 ed 
June 15.2 22.2 
July 17.5 21.2 
August 15.4 17.6 
September 17.7 11.9 
October 3.5 Do) 
November 12.4 0.5 
December 6.3 4.8 

Total 118.8 109.7
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1977 and 50-50-186 plus 22 kg/ha of TEM 300° fritted 
micronutrients in 1978. Nitrogen was side-dressed at 
112 and 168 kg/ha in 1977 and 1978, respectively. 

Corn hybrids, Dekalb variety XL-395 and Dekalb 

variety XL-395A, were seeded on 2 February 1977 and 
1 February 1978 at a rate to give 59,300 and 64,250 

plants/ha, respectively. Within each 1.8 m x 6.1 m 
plot, two rows of corn were seeded 0.76 m apart. 
Furadan® 10G = (2,3-dihydro-2,2-dimethyl-7-benzofur- 
anyl methylcarbamate) at 2.2 kg/ha active ingredient 
was applied in the row at seeding. 

The following herbicide treatments (kg/ha of 
active ingredient) were applied in 1977 on corn plots 
in five replications of a randomized, complete block 

design: 1) ametryn 1.68 post-directed (p.d.), 2) alachlor 
2.24 preemergence (pre), 3) alachlor 2.24 (pre) plus 
ametryn 1.68 (p.d.), 4) alachlor 2.24 (pre) plus metri- 
buzin 0.56 (p.d.), 5) alachlor 2.24 (pre) plus paraquat 
0.56 (p.d.), 6) atrazine 2.24 (pre), 7) cyanazine 1.68 
(pre), 8) cyanazine 2.24 (p.d.), 9) cyanazine 1.68 (pre) 
plus cyanazine 2.24 (p.d.), 10) metribuzin 0.56 (p.d.), 
11) paraquat 0.56 (p.d.), and 12) no herbicide. 

‘The same experimental design was used in 1978, 

but a different experimental site was selected. ‘The fol- 
lowing herbicides (kg/ha of active ingredient) were 
applied: 1) alachlor 2.24 (pre), 2) alachlor 2.24 (pre) 
plus ametryn 2.24 (p.d.), 3) alachlor 2.24 (pre) plus 
metribuzin 0.56 (p.d.), 4) atrazine 2.24 (pre), 5) 
atrazine 4.48 (pre), 6) atrazine 1.12 (pre) plus meto- 
lachlor 1.40 (pre), 7) atrazine 1.12 (pre) plus pendi- 
methalin 0.84 (pre), 8) cyanazine 1.68 (pre), 9) cy- 
anazine 1.68 (pre) plus ametryn 2.24 (p.d.), 10) meto- 
lachlor 2.24 (pre), 11) pendimethalin 0.84 (pre), and 
12) no herbicide. 

In both years, preemergence herbicides were ap- 

plied in 187 liter/ha spray volumes the day after seed- 
ing. These were not incorporated into the soil. Post- 
directed sprays were applied at 187 liter/ha 47 days 
after seeding in 1977 when corn was 40 cm tall. The 
same volume was applied 74 days after seeding in 1978 
when corn was 100 cm tall. 

Weed control was evaluated when post-directed 
sprays were applied and again at harvest, which was 8 
June 1977 and 20 June 1978. Yield was measured by 
cutting and weighing plants from 3.7 m sections of a 
row. One plant per 3.7 m section was dried at 40 C for 
dry matter yield determination. 

VEGETABLE PRODUCTION 

Approximately 8 months after applying the pre- 
emergence herbicides for field corn, three vegetable 
crops were planted in each of the corn herbicide plots 
in the fall season of 1977 and 1978. Tomato (cv. 
Walter) and bell pepper (cv. Early Calwonder) were 
transplanted using 5-week-old container-grown seed- 
lings, and cucumbers (cv. Poinsett) were direct seeded 
into raised plant beds 0.18 m high by 1.0 m wide and 
1.8 m on center. Plots consisted of seven plants each of 
the three vegetable crops. 

Vegetables were fertilized with 28-19-37 kg/ha 
N-P-K applied in the plant bed plus 200-0-230 kg/ha 

N-P-K banded on the bed surface 23 cm to each side 

8TEM 300 micronutrient mix has the following percent ele- 
mental composition: Fe 18.0, Cu 3.0, Mn 7.5, Zn 7.0, B 3.0, and 

Mo 0.2. 

of the plant row. All plant beds were mulched with 
1.5 mil polyethylene film. Vegetable plots were estab- 
lished on 22 September 1977 and 17 October 1978. In 
both years, the time interval between herbicide appli- 
cation and vegetable planting was 8 and 6 months, 
respectively, for pre or postemergence herbicides. In 
1977 the experimental area received a broadcast treat- 
ment of sodium azide (Smite® 15G) at 33 kg active 
ingredient/ha 2 weeks prior to planting plus an in-row 
treatment of Furadan® 10G at 5.5 kg active ingredient/ 
ha at planting. Approximately 2.5 weeks after seeding 
in 1977, cucumbers were thinned to two plants/hill 

followed 2 weeks later by a thinning to one plant/hill. 
At the second thinning, all seedlings except one/hill 
were clipped at the soil-line, counted, combined by 

plot, and average green weight per seedling measured. 
Vegetable crops in both experiments were irrigated 

by an open-ditch seep system and received standard 
sprays for insect and disease control. Weekly observa- 
tions were made to establish the presence or absence 
of visual symptoms that could be associated with the 
residual herbicide treatments. 

Cucumbers were harvested seven times in 1977 and 
five times in 1978. Bell peppers were harvested twice 
and tomatoes once in both years. Yields for the three 
vegetable crops were measured at each harvest by 
grading, counting and weighting the fruits. 

RESULTS AND DISCUSSION 

CoRN PRODUCTION AND WEED CONTROL 

‘There were significant differences (P<0.05) in corn 
yield among the various herbicide treatments in 1977 
and 1978 (Tables 2 and 3). Corn yields were directly 
related to the amount of weed control (P<0.01) except 
with alachlor + metribuzin in 1977 (Table 2). Corre- 
lations between corn yield and weed control were 
—0.74 and —0.54 in 1977 and 1978, respectively. 

In both years greater corn yields and improved 
weed control were obtained with herbicides applied 
preemergence. Post-directed herbicides alone provided 
significantly poorer weed control (Table 2). The poor 
control was due to application when weed species were 
too tall. Effective weed control with herbicides applied 
in pre-post combinations was provided by the pre 
rather than the postemergence herbicide. 

‘The two major weed pests were goosegrass (Eleusine 
indica L.) and crabgrass (Digitaria adscendens L.). 
Of lesser importance were common bermudagrass 
(Cynodon dactylon 1.) and knotgrass (Paspalum 
distichum L..). Broadleaf weeds were secondary in im- 
portance and included common purslane (Portulaca 
oleracea L.), smooth pigweed (Ameranthus hybridus 
L.), shepherdspurse (Capsella bursa-pastoris L.), and 
black nightshade (Solanum nigrum L.). 

Corn yields averaged 9.2 and 13.8 metric tons/ha 
in 1977 and 1978, respectively. The lower 1977 yield 
was due to a failure in the irrigation near corn pollina- 
tion time. This temporary irrigation failure did not 
affect herbicide activity or persistence. 

VEGETABLE YIELD AND FRUIT SIZE 

Yields of tomatoes, bell peppers, or cucumbers 

were not significantly affected in either year by herbi- 
cide residues from an early spring corn crop (Tables 2
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TABLE 2.—DryY MATTER YIELD AND ESTIMATES OF WEED CONTROL IN THE SPRING 1977 CORN CROP AND 

YIELD AND FRUIT SIZE OF TOMATOES AND BELL PEPPER AND CUCUMBER YIELD AND SEEDLING WEIGHT IN 

THE SUBSEQUENT FALL 1977 crop. 

  
    

Fall vegetables 
  

  

  

      

Cucumbers 
Spring corn ‘Tomatoes Bell peppers g 

Herbicide (application) Yield Weeds Yield Wt/fruit Yield We/fruit Yield seedling 

kg/ha T(m)/ha Ee T(m)/ha g T(m)/ha g T(m)/ha 

atrazine 2.24 (pre) 12.0a* 2.0ef 43.2a 128ab 33.6a 119a 49.5a 53.3a 
alachlor 2.24 (pre) + paraquat 0.56 (p.d.) 10.2ab = 0.2 35.0a 122ab 32.6a 119a 46.3a 55.7a 
cyanazine 1.68 (pre) + cyanazine 2.24 (p.d.) 9.9ab 1 4efg 42.7a 118b 31.2a 119a 52.4a 54.3a 
cyanazine 1.68 (pre) 9.8ab 2.0ef 40.9a 123ab 30.2a 119a 43.2a 59.5a 
alachlor 2.24 (pre) 98ab  2.2de 39.3a 127ab 30.2a 119a 44.5a 54.1a 
alachlor 2.24 (pre) + ametryn 1.68 (p.d.) 94ab O0Afg 36.9a 115b 31.2a 136a 46.6a 60.0a 
paraquat 0.56 (p.d.) 9lab  4.6c 30.3a 122ab 30.8a 119a 52.7a 63.9a 
ametryn 1.68 (p.d.) 90ab 2.0ef 35.0a 124ab 31.6a 116a 48.0a 63.8a 
alachlor 2.24 (pre) + metribuzin 0.56 (p.d.) 8.8b 0.6efg 46.la 127ab 29.0a 119a 52.0a 58.4a 
cyanazine 2.24 (p.d.) 8.2b 6.8b 37.3a 135a 34.8a 125a 52.4a 51.6a 
metribuzin 0.56 (p.d.) 7.7b 9.0a 48.2a 122ab 27.6a 125a 51.5a 61.9a 
No herbicide 7.0b 9.6a 43.6a 124ab 29.4a 125a 53.2a 63.9a 

Average 9.2 3.4 Soh) 124 31.0 122 49.4 58.5 

  

+Pre means preemergence applied and p.d. means post-directed applied. 
‘-Weeds rated on a scale of 0 to 10. 0 = complete control; 10 = 100% coverage. 

*Means within columns followed by the same letter are not significantly different (Duncan’s least significant difference test, K = 100). 

TABLE 3.—DRY MATTER YIELD AND ESTIMATES OF WEED CONTROL IN THE SPRING 1978 CORN CROP AND 
YIELD AND FRUIT SIZE OF TOMATOES, BELL PEPPER AND CUCUMBERS IN THE SUBSEQUENT FALL 1978 cRop. 

    

  

  

  

  

  
  

Fall vegetables 
Spring corn ‘Tomatoes Bell peppers Cumumber 

Yield | Weeds Yield Wt/fruit Yield We/fruit Yield 

Herbicide (application?) T(m)/ha nfs T(m)/ha g T(m)/ha g T(m)/ha 
atrazine 4.48 (pre) 17.5a* 28.3a 136a 15.4a 148a 26.0a 
alachlor 2.24 (pre) + metribuzin 0.56 (p.d.) 16.lab 2.6 26.2a 134a 12.2a 146a 27.1a 
atrazine 2.24 (pre) 15.9ab 1.0d 22.2a 134a 13.6a 154a 25.8a 
alachlor 2.24 (pre) 15.8ab  2.8c 26.5a 136a 15.la 155a 27.4a 
atrazine 1.12 (pre) + metolachlor 1.40 (pre) 15.5ab —-1.0d 22.6a 125a 15.la 147a 27.8a 
pendimethalin 0.84 (pre) 14.9ab —-6.7b 20.1la 127a 15.4a lbla 29.6a 
cyanazine 1.68 (pre) 14.4ab 1.6cd 22.9a 129a 16.la 150a 27.2a 
cyanazine 1.68 (pre) + ametryn 2.24 (p.d.) 14.lab 1.4cd 29.0a 130a 14.7a 140a 30.3a 
metolachlor 2.24 (pre) 14.0ab  —-2.4cd 24.7a 128a 15.8a 135a 26.3a 
atrazine 1.12 (pre) + pendimethalin 0.84 (pre) 13.9ab 2.2cd 24.4a 126a 14.0a 154a 28.5a 
alachlor 2.24 (pre) + ametryn 2.24 (p.d.) 13.6ab  2.2cd 25.8a 127a 14.3a 148a 26.9a 
No herbicide 12.4b 9.8a 26.0a 136a 13.3a 145a 28.3a 
Average 13.8 2.9 24.9 131 14.6 148 27.6 

}+Pre means preemergence applied and p.d. means post-directed applied. 
Weeds rated on a scale of 0 to 10. 0 = complete control; 10 = 100% coverage. 
*Means within columns followed by the same letter are not significantly different (Duncan’s least significant difference test, K = 100). 

  

and 3). The relatively low tomato yield in 1977 with 
paraquat, a non-persistent contact herbicide, is con- 
sidered to be a location rather than a treatment effect. 
Yields of the three vegetable crops were less variable 
but lower in 1978 than in 1977. The lower yields in 
1978 could be due to one or a combination of the fol- 
lowing: (a) later planting date and thus cooler 
weather, (b) soil not fumigated, or (c) different experi- 
mental site. 

In 1977 tomato fruit size (Table 2) was significantly 
smaller with the herbicide treatments alachlor 2.24 
kg/ha (preemergence) plus ametryn 1.68 kg/ha (post- 
directed) or cyanazine 1.68 kg/ha (preemergence) plus 
ametryn 2.24 kg/ha (post-directed) than from cy- 
anazine 2.24 kg/ha (post-directed). ‘Tomato fruit size 
was not significantly affected by any treatment in 1978. 
Bell pepper fruit size was not affected in either 1977 
or 1978. 

‘The average green weight of 4-week-old cucumber 
seedlings (excluding roots) is shown in Table 2. There 
was no significant effect on seedling weight due to any 
herbicide residues from a spring corn crop. 

Results of these tests indicate that under conditions 
of high temperature and rainfall during the summer 
months, a fall crop of bell pepper or cucumbers may 
be grown successfully on sandy soils of south Florida 
following the application of certain herbicides used 
for weed control in a spring crop of field corn. Data 
also indicate that tomato fruit size, but not yield, may 
be reduced by two of the herbicide treatments used in 
these tests. 
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Nutrient Metabolism and Quality of Corn and 
Sorghum Silages Made with Caged Layer Manure’ 

M. F. RICHTER AND R. S. KALMBACHER? 

ABSTRACT 

Caged layer manure was mixed with chopped whole 
corn (Zea mays L.) and with chopped whole sorghum 
(Sorghum bicolor L. Moench) and ensiled. The 
chopped corn and sorghum forage was also ensiled 
alone. The corn plus caged layer manure (CLM) 
silage contained 32.7% CLM and 12.8% crude pro- 
tein on a dry matter basis. The sorghum + CLM 
silage contained 41.7% CLM and 15.0% crude protein 
on a dry matter basis. The conventional corn and 
sorghum silages were supplemented with cottonseed 
meal at feeding time to 14% crude protein. ‘These 
silages were fed to eight steers in a replicated 2 x 2 
Latin square design intake and metabolism trial. Re- 
sults indicate that the materials all ensiled satisfactor- 
ily, and produced levels of lactic acid of around 4% on 
a dry basis and pH’s between 3.60 and 4.85. In the 
feeding trials it was found that the CLM significantly 
reduced dry matter intake, while not significantly 
affecting the digestibility of the silages. Because of the 
large ash content of CLM (over 40%), the gross energy 
values of the silages with CLM were reduced. In the 
case of the sorghum + CLM silage this significantly 
reduced total digestible nutrients, digestible and 
metabolizable energy. It was concluded that silage with 
over 30% CLM on a dry basis should not be used in 
rations where optimum performance is expected from 
young, growing beef cattle. 

Additional Index Words: Voluntary feed intake, 

Digestibility, Cattle feeding, Protein supplementations. 

  

Florida is a major egg producing state, currently 
ranked sixth in the nation with over 12.3 million lay- 
ing hens (1). These birds produce approximately 
500,000 tons of manure each year, causing environ- 

mental pollution and disposal problems (5, 6). How- 
ever, the manure produced by caged laying hens con- 

1Florida Agricultural Experiment Stations Journal Series No. 
2306. 

2Assistant Nutritionist and Assistant Agronomist, Ona Agri- 
cultural Research Center, Ona, Florida 33865. 

tains high levels of nitrogen, calcium, and phosphorus 
(4) which can be utilized by ruminant animals (9, 10, 
12). Corn (Zea mays L.) and sorghum (Sorghum bi- 
color L.. Moench) silages are deficient in protein for 
producing optimum growth in beef cattle (8); how- 
ever, by combining caged layer manure (CLM) with 
the forages, silages can be produced which are balanced 
rations for growing cattle. The ensiling process has 
been shown to sterilize pathogenic bacteria in poultry 
manure and eliminate odor, producing a safer, more 
palatable feed (7). However, CLM has a large buffering 
capacity due to its high protein and calcium content, 
which would oppose the pH drop due to the ensiling 
process. Preliminary experiments with laboratory-scale 
silos at the Ona ARC indicated that sweet sorghum 
varieties, with their large percentage of soluble carbo- 
hydrates, could produce a pH drop as large or larger 
than corn when ensiled with CLM. This suggested the 
potential of producing quality silages which could 
meet the protein requirement of growing beef cattle 
and utilize a local waste product. The objective of this 
study was to measure the quality of these CLM-contain- 
ing silages in nutrient intake and metabolism studies 
with steers. 

MATERIALS AND METHODS 

In the spring of 1977, four silages were made at the 
Ona ARC: whole corn (Dekalb brand “XL-395A’) with 
and without CLM and whole sorghum (sweet sorghum 
variety, ‘Rio’) with and without CLM. The CLM used 
was thermally dehydrated material obtained from 
Florida sources. ‘The corn + CLM silage contained 
32.7% CLM and the sorghum + CLM silage con- 
tained 41.7% CLM on a dry matter basis. These pro- 
portions were calculated to contain 14% crude protein, 
well in excess of the 12.8% crude protein required for 
young steers (8). About 10 tons of each of the four 
types of silage were placed in large plastic bags using 
a Silopress® machine. The materials were ensiled for 
3 months before feeding trials began. 

Eight cross-bred steers of 378 kg average weight 
were used in the feeding study. ‘These animals were 
used in a doubled 2 x 2 latin square design to measure
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intake and metabolism. Four animals were fed the 
corn and corn + CLM silages, and four other animals 
were fed the sorghum and sorghum + CLM silages. 
The straight corn and sorghum silages were supple- 
mented at the time of feeding with cottonseed meal to 
14% crude protein. Each of the animals was fed its 
assigned silage ad libitum in seperate stalls for 14 days, 
and the consumption for the last 7 days of this period 
was used for intake measurements. At the end of this 
period the animals were placed in raised stalls where 
a complete collection of feces and urine was made for 
7 days. The feeds, feces, and urine were sampled daily 
and composited for chemical analysis. The feeds and 
feces were analyzed for proximate constituents and 
gross energy, and the urine was analyzed for nitrogen 

and gross energy (2). The difference between intake 
and feces was the amount apparently digested and is 
expressed as a percent of intake. When digested energy 
was corrected for urinary energy and calculated meth- 
ane losses, the result is called metabolizable energy. 
This is roughly the energy in the feed available for 
maintenance and growth. Statistical analysis consisted 
of analysis of variance for latin square designs (11). 

RESULTS AND DISCUSSION 

SILAGE CHARACTERISTICS AND COMPOSITION 

The addition of the dried CLM raised the dry 
matter of both the corn and sorghum silages (Table 
1). As expected the buffering capacity of the CLM re- 
duced the pH drop of the silages to which it was added. 
However, the final pH measured in all of the silages 
was low enough to indicate a good ensiling process. 
The silages made with CLM had a good silage odor 
and somewhat darker color than the conventional 
silages. In addition the lactic acid levels indicated that 
the ensiling process went quickly to a state of preserva- 
tion. The sweet sorghum silage produced more lactic 
acid and a lower final pH than did the corn silage. 
However, in the case of the sorghum + CLM silage, 
which had 41.7% CLM added, the buffering capacity 
of the CLM caused this silage to have the highest pH 
of the four silages. 

The straight corn and sorghum silages were sup- 
plemented with cottonseed meal; the chemical analyses 
presented (Table 2) are of the silage rations fed. The 
most dramatic effect of the CLM was in reducing the 
organic matter of the silages to which it was added. 
Caged layer manure contained over 40% ash, and this 
reduced its contribution to the gross energy content of 
the silages containing CLM. This effect is seen further 
in the dilution of crude fiber and nitrogen free extract 
of the silages containing CLM. The crude protein of 
the corn silage was raised by the CLM from 8.9 to 

TABLE 1.—FORMULATION AND CHARACTERISTICS OF SILAGES AS FED. 

  

  

Lactic 
Silage CLM %t DM% pH Acid %t 

Corn — 33.3 3.96 3.84 
Corn + CLM 32.7 39.4 4.53 4.01 
Sorghum -- 28.4 3.60 4.08 
Sorghum + CLM 41.7 36.7 4.85 3.80 

  

. }Dry matter basis. 

TABLE 2.—CHEMICAL COMPOSITION OF SILAGE RATIONS AS FED. 

  

  

  

Corn Sorghum 

Cotton- Caged Cotton- Caged 
seed layer seed layer 

Component} meal manure meal manure 

seein OS AES C/T LAE AL 
Crude protein 13.6 12.8 14.4 15.0 
Crude fiber 17.2 13.8 20.4 14.5 
Nitrogen free 

extract 59.7 52.5 54.9 46.0 
Ether extract el 3.9 3.7 2.2 
Organic matter 94.2 83.8 93.5 77.7 
Gross energy, 

Mcal/kg AOD) 3.99 4.47 3.56 
  

Dry matter basis. 

12.8% and the crude protein of the sorghum silage 
from 9.5 to 15.0%. 

FEEDING TRIAL 

Because of the statistical design used for this anal- 
ysis, a replicated 2 x 2 latin square, the main compari- 
sons were made within a forage species, that is, compar- 
ing cottonseed meal with CLM supplementation. Com- 
parisons between forage species were made with a “‘t” 
test and will be noted in the text although not pre- 
sented in the tables. Dry matter intake is expressed in 
terms of metabolic body size, kg*/*, to remove the effect 
of animal size, as well as in a practical unit, kg/day. 
The addition of CLM significantly reduced (P < .05) 
the dry matter intake of both corn and sorghum silage 
(Table 3). This means that additions of over 30% 
CLM on a dry matter basis to silages of this type will 
not be practical, since intake is one of the variables 
most closely related to production efficiency. It is inter- 
esting that the addition of CLM did not affect the 
digestibility of organic matter, crude protein, crude 
fiber, nitrogen free extract, or gross energy when com- 
pared with silages supplemented with cottonseed meal. 
However, the differences between the corn and sor- 
ghum species means (averaged over supplements) were 
significant at the .01 level, with the sorghum 3 to 5% 
lower than corn. Corn is generally expected to be 
higher in crude protein and digestibility (3). 

TABLE 3.—DRY MATTER INTAKE AND DIGESTIBILITY OF SILAGE RA- 
TIONS (MEANS, n=4). 

  

  

  

Corn Sorghum 
Cotton- Caged Cotton- Caged 

seed layer seed layer 
Item meal manure meal manure 

Dry matter intake 

g/kg3/4 2 eee Leto 128.6* 79.0* 
kg/day 10.6* 7.8* ne 6.8* 

Digestibility, % 
Organic matter 67.5 69.6 65.8 65.0 
Crude protein 56.2 49.4 54.5 62.3 
Crude fiber 57.6 70.6 68.1 62.7 
Nitrogen free 

extract 71.7 71.9 67.1 66.5 
Gross energy 66.9 65.6 62.7 62.0 
  

*Differences within a forage species are significant at .05% 
level.
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TABLE 4.—ENERGY METABOLISM OF SILAGE RATION (MEANS, N=4). 

  

  

  

Corn Sorghum 

Cotton- Caged Cotton- Caged 
seed layer seed layer 

Item meal manure meal manure 

Total digestible 
nutrients, % 68.0 63.1 (iP D2 aes 

Digestible energy, 
Mcal/kg 3.05 2.68 220 le eae 

Metabolizable energy, 
Mcal/kg 2.66 2.30 aa ae eo Oa 

Energy Balance 
Intake, Mcal 39.2* 23.6* 34.8* 20.1* 
Feces, Mcal 13.0 8.1 TS Toll 
Urine, Mcal 0.9 0.6 0.7 0.6 
CH,, Mcal 24 1.6 all 1.2 

*Differences within a forage species significant at .05% level. 
**Differences within a forage species significant at .01% level. 

Energy metabolism (Table 4) showed the differ- 
ences between the silages more clearly. All of these 
measurements are sensitive to ash content, whereas the 
digestibility measurements are not. The addition of 
CLM lowered the TDN, digestible energy, and metab- 
olizable energy of the sorghum silage significantly 
(P < .01), and the reduction for the corn silage ap- 
proached significance. When energy balance is parti- 
tioned it can be seen that well over 30% of the energy 
intake of all of the silages is found in the feces, over 
2% in the urine, and around 6% in methane losses. 
In general the addition of CLM to the silages increased 
the percentage of energy found in the feces and urine. 

Nitrogen metabolism (Table 5) did not show any 
significant difference because of large variations be- 
tween animals. The CLM tended to cause a lower net 
balance of nitrogen. Approximately 40 to 50% of 

TABLE 5.—NITROGEN METABOLISM OF SILAGE RATION FED. (MEANS, 

  

  

  

N=4). 

Corn Sorghum 

Cotton- Caged Cotton- Caged 
seed layer seed layer 

Item meal manure meal manure 

Nitrogen, g/day 
Intake 188 111 178 135 
Feces 83 55 82 51 
Digested 105 56 96 84 
Urine 59 54 70 65 
Balance retained 46 2 26 19 

  

nitrogen intake was found in the feces and about 30 to 
50% was found in the urine. The very low net balance 
of 2 g/day for the corn + CLM silage was due to one 
animal with a large negative balance, and is not a good 
estimate of the performance expected from this silage. 
From the other data in this experiment there is no 
reason to believe that this value should be so much 
below the sorghum + CLM silage. It is interesting that 
both of the sorghum silages had net balances of about 
the same percentage of intake nitrogen (14%), while 
the corn silage retained 24% and the corn + CLM 
only 2% of intake nitrogen. Other work has shown the 
protein of CLM to be readily available and useful (10, 
12), as was shown in the case of the sorghum silages. 

While the protein of CLM is available and useful, 
CLM can limit intake at over 30% in a ration, and the 
ash content limits energy content. Caged layer manure 
can perhaps be best utilized by more mature animals 
whose protein requirements are not as high on a per- 
centage basis, or used at much lower levels, perhaps 
less than 20%, for young growing beef cattle. However, 
while CLM is not equivalent to cottonseed meal sup- 
plementation at high crude protein levels, CLM can 
usually be obtained for around one-tenth the cost of 
cottonseed meal, and the utilization of this waste prod- 
ucet provides environmental benefits to both poultry 
producers and society at large. 
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ABSTRACT 

Several factors were studied to determine their in- 
fluence on the hydrocyanic acid potential (HCN-p) 
content of Ona stargrass (Cynodon nlemfuensis 
Vanderyst var. nlemfuensis). HCN-p levels were high
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in the five upper leaf positions on the stem, with the 
tip blades significantly higher in two of five seasonal 
samplings. Samples taken at 8:30 AM were not signif- 
icantly different from those taken at 3:30 PM although 
average values showed a morning-to-afternoon decline. 
HHCN-p levels in samples taken at daily intervals after 
nitrogen (N) fertilization showed significant increases 
occurring at 2 to 7 days after treatment, depending on 
the season of the year. Nitrogen fertilization rates of 
112, 224, and 336 kg/ha produced HCN-p levels in 
excess of 2000 ppm within 7 days after application in 
spring, summer, and fall seasons. Mean HCN-p values 
fell below 750 ppm on the fourth week following a 
112 kg/ha application of N while 8 and 10 weeks, re- 
spectively, were required for a similar decline on the 

224 and 336 kg/ha N treatments. 
Additional Index Words: Prussic acid, Hydrogen 

cyanide, Toxic plants. 

  

The presence of hydrocyanic acid potential 
(HCN-p) in plants was recognized by Scrader in 1802 
(4). Danger of HCN toxicity from grazing certain 
Sorghum spp. has been a familiar part of U.S. Agricul- 
ture. The subject was discussed extensively by Boyd 
et al. (1) and has been the target of continuing re- 
search. Van der Walt and Steyn (12) evaluated the 
HCN-p factors in selected Cynodon cultivars in south- 
ern Africa and considered them a danger to livestock. 
A collection of large-stemmed grasses of the genus 
Cynodon was introduced into nurseries in the USA in 
1954 for evaluation in plots and grazing trials, and 
some of these grasses were established at the Agricul- 
tural Research Center (ARC), Ona in 1956 (7). Sub- 
stantial amounts of HCN-p were shown to exist in 
similar strains of stargrass grown in Puerto Rico (2, 
13), where it was not considered to be of importance. 
Growing tips of moderately fertilized stargrasses tested 
in 1975 were found to have 320 to 1000 ppm HCN-p 
in fresh forage which was approximately 25% dry 
matter (Schroder, private communication). These 
values exceeded the 750 ppm (dry basis) HCN-p level 
indicated by Boyd et al. (1) as the danger point for 
sudangrass. 

Ewes grazing heavily-fertilized stargrass during the 
entire gestation period in a study in Zimbabwe- 
Rhodesia produced deformed and dead lambs (8). 
‘This was diagnosed as a goitrogenic response to mod- 
erately elevated HCN-p levels in the forage. Several 
cultivars of Gynodon have been tested by Schroder (9) 
and by Velez et al. (10) and found to have widely dif- 
ferent levels of HCN-p, some being very high. Schroder 
also reported a distinct decline in HCN-p level as time 
following nitrogen (N) fertilization increased, and it 
was observed that different parts of the plant varied in 
HCN-p content, leaves containing as much as 396 ppm 
while stems tested only 9 ppm on a fresh forage basis. 

Stargrass pastures were grazed at the Agricultural 
Research Center, Ona for 15 years without any un- 
usual problems. The HCN-p factor was not considered 
significant until a death loss in south-central Florida 
of cattle grazing on stargrass of uncertain origin was 
diagnosed as HCN toxicity in 1975 (6). Another in- 
cident of cattle loss on an unidentified Cynodon was 
reported in Puerto Rico in 1977 (3). 

‘Ona’ stargrass (Cynodon nlemfuensis Vanderyst 

var. nlemfuensis, PI No. 224566), a competitive and 
productive cultivar when under intensive manage- 
ment, has been released by the Florida Agricultural 
Experiment Station. There have been no animal health 
problems in grazing this grass although heavily fer- 
tilized young growth has high HCN-p (5). Relation- 
ships between this factor and leaf position, time of day, 
rate of fertilization, and period of time following 
nitrogen application are discussed in this study. 

MATERIALS AND METHODS 

All samples collected for analysis consisted of the 
upper four to six leaf blades together with their sheath 
roll and in some instances the upper node. Each plot 
sample contained 40 to 50 such tips from which a 
random selection was made for the analysis. All samples 
excepting those for time-of-day were obtained from 
8:00 to 8:30 AM and prepared for analysis within two 
hours. Leaf blade position samples were prepared by 
designating the upper one or two blades, those with 
collar angle not fully formed, as Position 1. The blades 
below were separated in descending order as Positions 
2-5. Time-of-day samples were obtained at 8:30 and 
10:30 AM and at 1:30 and 3:30 PM, eight dates being 
evaluated in this series. Time after fertilization (days) 
values were obtained by fertilizing a 15 to 30-cm 
stubble with 224 kg/ha of N and sampling at daily 
intervals after treatment, both fertilized and unfer- 
tilized grass being sampled on each day. Four series of 
tests were run, beginning in April, May, August, and 
October. Still another experiment, combining rate of 
fertilization with time of sampling after fertilization 
(weeks), was established on areas having a 15 to 30-cm 
stubble. Nitrogen rates were 0, 112, 224, and 336 kg/ha 
with phosphorus and potassium in adequate supply. 
All treatments were in three replications and samples 
were obtained weekly for eight periods. ‘These were 
followed by 2-week sampling intervals until the HCN-p 
values approached or dropped below 750 ppm, the 
suggested toxic point. 

HCN-p was determined by the alkaline picrate 
colorimetric procedure as described by Schroder (9), 
with one typographical correction: the standard HCN 
solution was prepared by dissolving 0.241g KCN in a 
total volume of 1000 ml distilled water. All HCN-p 
values are expressed on an oven-dry (60 C) basis unless 
otherwise noted. 

RESULTS AND DISCUSSION 

POSITION OF LEAF BLADE 

The main effect means in Table 1 show Position 1 
(uppermost) blades to have the highest HCN-p content 
and Position 5, the lowest. Although significantly dif- 
ferent by Duncan’s test, all values were high with the 
exception of the 6 August, 1979 sampling when HCN-p 
levels were obtained 6 weeks after fertilizer application 
and all values were relatively low. These data indicate 
that a sample including the five upper leaves is repre- 
sentative of the high HCN-p portion of the plant and 
provides an evaluation of the forage most likely to be 
consumed by grazing animals. 

‘TIME oF Day 

The analysis of variance of pooled HCN-p data



PROCEEDINGS, VOLUME 39, 1980 129 

TABLE 1.—HCN-p CONTENT OF ONA STARGRASS LEAF BLADES OBTAINED FROM DIFFERENT POSITIONS AT 
THE GROWING TIP. 

  

  

  

Sampling Leaf position Date 
date 1 2 3 4 5 mean 

PTO PuLEe Re bes AL RIC eR) PPI EO ea eee BE Sh oe 
1 ( 3-13-79) 3319a* 2857ab 2446bc 2411be 1973¢ 2601 
2 ( 3-28-79) 2362 2402 2418 2457 2358 2400 
3 ( 8- 6-79) 7712 563 593 714 847 698 
4 (10- 1-79) 2310a 2322a 2175ab 2070ab 1714b 2124 
5 (11-15-79) 3378a 3221a 3062a 3143a 2589b 3079 
Leaf position 
mean 2418 2269 2142 2169 1908 

  

*Values in the same row followed by different letters are significantly different (5%), Duncan’s multiple range test. 

from time-of-day sampling at eight dates showed no 
significant difference between the four times of 
sampling, although there was a slight downward trend 
in the mean values from 8:30 AM to 3:30 PM, Table 2. 
‘Time-of-day effect was not consistent between the dates 
of sampling, as indicated by a significant date x time- 
of-day interaction. This is further shown in Table 2 
where no differences were observed on Dates 2, 3, 5, 
and 6 while on the other dates the maximum HCN-p 
values occurred variously early, mid-day, and late. This 
indeterminate relationship is in contrast with the ob- 
servation of Franzke (4), working with sorghum leaves, 
who found diurnal HCN-p levels to be positively re- 
lated to photosynthetic activity while Boyd et al. (1) 
reported that sudangrass leaves had significantly higher 
HCN-p values at 1:00 PM than at either 8:00 AM or 
7:00 PM. 

‘TIME AFTER FERTILIZATION (Days) 

‘This experiment, repeated at four dates during the 
year, was designed to determine the time relationship 
between heavy N fertilization and the HCN-p content 
of growing tips at daily intervals. The data in Table 3 

TABLE 2.—HCN-p CONTENT OF ONA STARGRASS SAMPLED AT FOUR 
DIFFERENT TIMES OF DAY. 

  

Time of sampling 

  

Sampling 8:30 10.30 1.30 3.30 Date 
date AM AM PM PM mean 

carapace tae beta ppmigess <2 s ae e 
1 ( 3-19-79) 1509b* 2170a 1736b _ 1765 
2 ( 3-22-79) 2104a 1794a 1850a 1762a 1877 
3 ( 4- 2- ee 1485a 1424a 1214a 1348a 1368 
4 ( 7-26-79) 2773a 2550a 2605a 2052b 2495 
5 ( 7-80-79) 1676a 1685a 1322a 1643a 1582 
6 ( 8- 2- ae 1274a 1302a 1258a 1209a 1260 
7 ( 9-27-7 3246a 2966a 313la 2381b 2931 
8 (11-16- io) 2760b 2884b 3415a 3397a 3114 
‘Time mean 2103 2097 2066 1930 
  

*Values in the same row followed by different letters are sig- 
nificantly different (5%), Duncan’s multiple range test. 

furnish a clear view of the 2 to 6 day time span re- 
quired for significant response to N fertilization, values 
being compared to Day 1. It is also apparent that, using 
the 750 ppm of HCN-p level reported as dangerous by 
Boyd et al. (1), this point is reached from as early as 

‘TABLE 3.—HCN-p CONTENT OF ONA STARGRASS SAMPLED AT DAILY INTERVALS FOLLOWING N 
FERTILIZATION. 

  
  

Initial date of sampling 

Expt. 1 (4-9-79) Exp. 2 (5-29-79) Exp. 3 (8-13-79) Exp. 4 (10-30-79) 
Day Fertilizer} Fertilizer} Fertilizer} Fertilizer} 

1 2 1 1 2 1 2} 

8 atin MED a eo Soe ST OK AC Won hoe Oe ae oe we Pe MT ESE Ta a ai A 1 eR et 

1 124 78a* 96 411 500a 686 807a 
2 72 98a 85 603 859b 547 802a 
3 112 126a 84 124a 524 1340c 342 657a 
4 98 225a 68 523 1691d 357 1092ab 
5 72 418a 96 501 1920de 796 1532be 
6 136 856b 85 411 1954de 686 1951cd 
7 123 1076b 84 411b 603 2658h 547 1827cd 
8 105 1089b 84 2881d 524 2280efg 342 2040d 
9 132 1164b 98 523 2532¢h 357 2484e 

10 152 1822c 53 552 29951 334 3586¢ 
ll 102 1662c 70 f 295 2138ef 287 3394 fe 
12 132 1777c 84 2978d 598 2130ef 398 3880¢ 
13 104 1544c 98 2698cd 484 2085ef 206 3530¢ 
14 68 1075b 505 2417fgh 396 3490¢ 
15 552 221 lefg 332 3003£ 
16 295 1309c 287 3859¢ 

  

+1 = no N fertilizer, 2 = 224 kg/ha N. 
*Values in the same column followed by different letters are significantly different (5%), Duncan’s multiple range test.
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Day | to as late as Day 8. Another analysis, which 
paired the fertilized plots with others left unfertilized 
and sampled on the same day, showed significant 
HCN-p elevations occurring within one day of the 
same 2 to 6 day interval. 

FERTILIZER RATE X TIME AFTER FERTILIZATION 

(WEEKs) 

A significant interaction of experimental period x 
fertilizer rate x weeks indicated that the two main 
effects were not consistent over the four periods in- 
cluded in the experiment. However, evaluation of the 
data by separate periods indicates that the pooled in- 
formation presented in Figure 1 represents the broad 
pattern of fertilizer rate and time effects. The HCN-p 
level of grass fertilized at the 112 kg/ha rate of N 
dropped below the 750 ppm level within 4 weeks after 
treatment while grass from the 224 kg/ha rate fluctu- 
ated between the 5th and 8th weeks before reaching a 
stable reduced value. Grass from the 336 kg/ha N rate 
was consistently higher in HCN-p than the 224 ke rate 
but declined to 750 ppm by the 8th week after fertiliza- 
tion. HCN-p values required 14 weeks after fertiliza- 
tion to drop below 750 ppm on the 336 kg/ha N treat- 
ment during one fall experiment. This was an increase 
of 6 weeks in the persistence period on the highest rate 
of fertilization and occurred at the same time that the 
normal pattern was observed on the two lower rates. 

HCN-p VALUEs AND GRAZING ONA STARGRASS 

The relationship between HCN-p data and the 
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Fig. 1.—Effect of rate of fertilization and time elapsed from 
fertilization to sampling on HCN-p content of Ona stargrass 
growing tips. 

grazing value of stargrass is obscure. For one thing, 
large variations in HCN-p assay between individual 
samples can result from system of sampling, stage of 
growth, and time of fertilizer application. This vari- 
ability creates a need for multiple samples taken under 
precise conditions to yield true analytical values. After 
a correct determination has been made there remains 
the question of what HCN-p concentration actually is 
a danger to grazing animals? A fresh basis HCN-p 
assay of 1264 ppm was obtained in stargrass associated 
with a published record of animal loss (3). Relatively 
high HCN-p values were maintained in the present 
study but no animal problems have occurred while 
grazing Ona stargrass pastures measured at similar 
levels. It has been suggested that cattle may develop an 
enzyme-based tolerance to cyanogenic forage (11) which 
alters their susceptibility pattern. This possibility in- 
vites evaluation in regard to Ona and other stargrasses 
having high HCN-p. The relationships seen in this 
study together with satisfactory grazing results indicate 
that normal production practices which include a 
3-week lag between fertilization and grazing are suit- 
able for Ona stargrass. 
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Influence of Fungicides, Nematicides, and Tobacco Cultivars 
on Yield Losses Due to the Black Shank-Root Knot 

Disease Complex’ 

J. R. Ricu, J. T. JoHNson, ANp G. E. SANDEN? 

ABSTRACT 

A tobacco (Nicotiana tabacum L.) field test was 
conducted annually between 1977-1979 in soil mod- 
erately infested with the root knot nematode, 
Meloidogyne incognita (Kofoid and White) Chitwood, 
and heavily infested with the black shank fungus, 
Phytophthora parasitica (Dast.) var nicotianae (Breda 
de Haan) Tucker, Race 0. Two experimental fungi- 
cides, metalaxyl and propamocarb, fumigant and non- 
fumigant nematicides, multipurpose chemicals, and 
tobacco cultivars were studied for control of the root 
knot-black shank disease complex on tobacco. In addi- 
tion, a microplot experiment was conducted to deter- 
mine effects of four nonfumigant nematicides and the 
two experimental fungicides, singly and in combina- 
tion, on tobacco growth and yield. Tobacco cultivars 
with resistance to both diseases more effectively con- 
trolled the disease complex than any chemical treat- 
ments or combinations of chemical treatments. Cul- 
tivar resistance to either root knot or black shank was 
of similar importance in reducing disease losses. Chem- 
ical treatments did not improve yield of cultivars 
susceptible to both diseases. In combination with ap- 
propriate nematicides and resistant cultivars, metalaxyl 
and propamocarb improved tobacco yields over those 
treated with multipurpose chemicals. No adverse effects 
of chemical combinations on tobacco growth were 
found in the microplot test although some indications 
were observed in one field experiment. Control of the 
root knot-black shank disease complex was best ac- 
complished when resistant cultivars, appropriate nem- 
aticides, and metalaxyl or propamocarb fungicides were 
used. 

Additional Index Words: Phytophthora parasitica 
var. nicotianae, Meloidogyne incognita. 

  

INTRODUCTION 

Two diseases, root knot and black shank, cause 
more yield and quality loss in Florida flue-cured to- 
bacco (Nicotiana tabacum L.) than all other tobacco 
diseases combined (13). Three root knot nematodes, 
Meloidogyne incognita (Kofoid and White) Chitwood, 
M. javanica (Treub) Chitwood, and M. arenaria 
(Neal) Chitwood, and the black shank fungus, Phyto- 

phthora parasitica (Dast.) var. nicotianae (Breda de 
Hann) Tucker, are the pathogens responsible for these 
losses. Root knot nematodes or the black shank fungus 
can singly induce tobacco losses, but when present in 
combination, root knot nematodes predispose tobacco 
to black shank and magnify the problem (11, 16). 

1Florida Agricultural Experiment Station Publication No. 
2215. 

2Respectively, Assistant Nematologist and Associate Agrono- 
mist, University of Florida, ARC, P. O. Box 657, Live Oak, Flor- 
ida 32060, and Associate Professor, Kansas State University, 170 
W. Fourth Street, Colby, Kansas 67701. 

Numerous studies have been conducted on this syn- 
ergistic interaction and on control procedures (7, 9, 10, 
15, 17). Satisfactory control of root knot and black 
shank has been achieved through use of integrated 
procedures such as crop rotation, sanitation, resistant 
cultivars, and chemicals (8). Recently, two fungicides, 
metalaxyl and propamocarb, have become available 
and may provide additional aids for control of black 
shank (2, 5, 14). These investigations were conducted 
to i) test the efficacy of these new fungicides, and ii) 
determine effects of these materials in combination 
with resistant cultivars and nematicides on tobacco 
yield in a field infested with both pathogens. A 
portion of these results have been reported (12). 

MATERIALS AND METHODS 

Three field experiments were conducted between 
1977 and 1979 on a Lakeland fine sand soil (93.1% 
sand, 3.9% silt, and 3.0% clay) at the Agricultural Re- 
search Center, Live Oak. The field test site contained 
moderate to high populations of Meloidogyne incog- 
nita and low populations of M. javanica, and was 
heavily infested with Phytophthora parasitica var. 
nicotianae, Race 0. In addition to the three field ex- 
periments, one microplot test was conducted in 1978. 

Chemicals included in one or more of the four 
tests were: DD-Mencs (1-2-dichloropropane and 1,3- 
dichloropropene-methylisothiocyanate), 1-3-D-Pic (1,3- 
dichloropropene-chloropicrin), DD  (1,2-dichloropro- 
pane-1,3-dichloropropene), ethoprop (0-ethyl S,S-di- 
propyl phosphorodithioate), aldicarb (2-methyl-2(meth- 
ylthio) (propionaldhyde 0-(methylcarbomoyl)oxime), 
carbofuran _(2,3-dihydro-2,2-dimethyl-7-benzofurany] 
methylcarbamate), phenamiphos (ethyl 3-methyl-4 
(methylthio) phenyl (1-methylethyl) phosphoramidate), 
propamocarb (propyl(3-(dimethylamino) propylcarba- 
mate monohydrochloride), and metalaxyl (N-(2,6-di- 
methylphenyl)-N-(methoxyacetyl)-alanine methyl ester). 
In all tests recommended cultural practices were fol- 
lowed in order to promote good tobacco growth. 

Field Test—1977. Nine chemical treatments were 
evaluated in 1977 (Table 2). The soil fumigant treat- 
ments, DD Mencs and 1,3-D-Pic, were chisel-injected 
25 cm deep in-row two weeks prior to transplanting 
and the rows bedded immediately after injection. 
Granular ethoprop was broadcast and incorporated 10 
to 12 cm deep on appropriate plots one day before 
transplanting. At this time all rows not previously 
bedded were bedded to facilitate uniform mechanical 
transplanting. The two transplant-water fungicides, 
metalaxyl and propamocarb, were applied at trans- 
planting in 636 liters/ha of water. Chemical treat- 
ments comprised the whole plots of a split-plot design 
while four tobacco cultivars, ‘Hicks’, ‘Speight G-28’, 
‘NC 2512’ and ‘Coker 411’, were grown in the 1.2 X 
9.1 m sub-plots. Uniform seedlings of the four culti- 
vars were transplanted on April 1, 1977, and were 
spaced 0.45 m in row. Treatments were replicated four 
times. The tobacco was monitored bi-weekly for plant
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senescence from black shank according to recommenda- 
tions of the S-76 Regional Tobacco Disease Evaluation 
Committee. 

Field Test—1978. In 1978, a fumigant nematicide, 
DD, and a multipurpose fumigant, DD-Mencs, were 

injected in-row and bedded three weeks prior to trans- 
planting. A granular formulation of the nematicide, 
aldicarb, and a liquid formulation of metalaxyl (in 85 
liters/ha of water) were broadcast and incorporated 
six days prior to transplanting. After application, the 
materials were incorporated, and all plots were bedded. 
The propamocarb and additional metalaxy] treatments 

were applied in the transplant water as in 1977. Two 
tobacco cultivars, Hicks and Speight G-28, were 

planted on March 29, 1978, and each cultivar was 
placed in two of the four row plots (7.6 X 4.48 m). 
The eight chemical treatments were replicated five 
times in a randomized complete block design. Analysis 
of black shank was as above. Soil samples for nema- 
tode analysis were taken at transplanting and 60 days 
afterwards, and a 250 cm’ sample of soil was processed 
by the centrifugation-sugar-floation technique (3). To- 
bacco leaves were harvested four times, cured, and dry 
weights were recorded. 

Field Test—1979. The 1979 field test was similar to 
those of 1977 and 1978. Ethoprop, phenamiphos, and 
metalaxyl were broadcast applied as a spray in 85 
liters/ha of water, incorporated, and rows were then 

‘bedded. Propamocarb was applied in the transplant 
water as in earlier tests, All materials were applied the 
same day of transplanting on March 29, 1979. A M. 
incognita susceptible, black shank resistant tobacco 

cultivar, ‘McNair 944’, was planted in two row plots 
(2.24 X 6.9 m). The nine chemical treatments were 
replicated five times and placed in a randomized com- 
plete block design. Nematode samples were taken at 
transplanting and 75 days afterwards, and 250 cm$ of 
soil was wet-sieved and placed in Baermann funnels 
for three days (1). Root-gall index ratings (0-4 scale) 
were made at the conclusion of the test 123 days after 
transplanting. Other procedures were as above. 

Microplot Test—1978. A microplot experiment was 
initiated to test possible adverse chemical interactions 

found in the 1977 field test. The experimental site was 
adjacent to that of the field test, but it did not have a 
history of black shank or root knot nematode infesta- 
tions. The area was treated with 988.8 kg/ha methyl 
bromide, and 72 circular fiberglass microplots (76 cm 
diam. X 60 cm high) were placed into the soil (4). 

Prior to transplanting, the nematicides, ethoprop, car- 

bofuran, and phenamiphos, were broadcast at 2X the 

labeled rate in the equivalent of 85 liters/ha of water. 
Immediately after application, the chemicals were in- 
corporated to a depth of 7 to 10 cm. Two fungicides, 
metalaxyl and propamocarb, were applied as transplant 
water treatments, and two Speight G-28 tobacco seed- 
lings were transplanted 25 cm apart in each microplot. 
The 12 treatments were replicated six times and placed 
in a completely randomized block design. ‘Tobacco 
plants were observed for symptoms of phytotoxicity 
and rated for plant vigor (0 to 4) 12 days after trans- 
planting. Mature tobacco leaves were harvested, cured 
and dry weights were recorded. 

RESULTS 

In 1977, Speight G-28, resistant to both pathogens, 
yielded significantly more than the other tobacco cul- 
tivars and produced the lowest disease index rating 
(Table 1). Coker 411, resistant only to the black shank 
fungus, and NC 2512, resistant only to M. incognita, 

produced similar yields and had similar disease rat- 
ings. The cultivar Hicks produced significantly lower 
yield and a higher disease rating than the other tobacco 
cultivars. In 1978, large differences in yield and disease 
index ratings were again found between Speight G-28 
and Hicks. 

Five chemical treatments significantly increased 
yield of the Speight G-28 tobacco cultivar over the 
control plots in 1977 (Table 2). Although the remain- 
ing treatments were not significantly different from the 
control, means were numerically higher. A possible 
adverse interaction between ethoprop and propamo- 
carb was found. These data prompted use of a different 
nematicide, aldicarb, in the 1978 field test and initia- 
tion of the microplot experiment. Results from the 
other three cultivars in 1977 were inconclusive except 
for Hicks. None of the chemical treatments signif- 
icantly increased yield of this cultivar as compared to 
control plots. In the 1977 test, percentage of living 
plants 110 days after transplanting followed a pattern 
similar to yield responses. 

Results of the 1978 field experiment were similar 
to the earlier test (Table 3). Four of the treatments 
significantly increased yield over the control plots. The 
propamocarb-DD1IMencs and metalaxyl-1,3-D_ treat- 
ments produced highest yields. All treatment yields 
with the two fungicides were numerically higher than 

TABLE 1.—RESPONSE OF FOUR TOBACCO CULTIVARS IN TWO ROOT KNOT NEMATODE-BLACK SHANK 
INTERACTION TESTS. 

    

    

1977 1978 

Black shank Yield Black shank Yield 
Cultivar Nematode} Black shank disease index§ kg/ha disease index kg/ha 

Speight G-28 RE R 15.24 a* 1167 a 3.48 a 1583 a 
Coker 411 S R 23.89 b 1017 b = = 
NC 2512 R S 27.25 b 1004 b _ — 
Hicks Ss Ss 47.17 ¢ 341 c 32.45 b 179 b 

  

+Root knot nematodes consisted of a combination of Meloidogyne incognita and M. javanica, and tobacco was only resistant to M. 
incognita. 

+R and S indicated resistance and susceptibility, respectively. 
§Black shank disease index reflects both the extent and rapidity of disease development with 0 representing no disease at the end of 

the test and 100 indicating all plants dead after transplanting. 
“Means followed by the same letter are not significantly different (P = 0.05) according to Duncan’s Multiple Range test.
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TABLE 2.—EFFECT OF CHEMICAL SOIL TREATMENTS ON YIELD OF 

SPEIGHT G-28 TOBACCO CULTIVAR IN 1977. 

  

TABLE 4,—EFFECT OF THREE NEMATICIDES IN COMBINATION WITH A 
FUNGICIDE ON SPEIGHT G-28 TOBACCO GROWTH AND YIELD IN MICRO- 

  

    

  

PLOTS. 

% Living 
Rate kg Application Yield plants after Rate kg 12 Day Vigor+ Yield 

Treatments a.i./ha methodt kg/ha 110 days Treatment} a.i./ha Ratings (g) 

Ethoprop + 8.97 BCI 1838 a* 79a Propamocarb 4.48 4.8a* 357 a 
Metalaxyl 0.28 TPW Phenamiphos + 13.45 48a 326 ab 

Phenamiph 13.45 8 325 ab DD-Mencs + 24.41 WR 1649 ab 82a Coane cal aoe 316 ab 
Metalaxyl 0.28 TRW Ethoprop + 17.94 3.8b 314 ab 

DD-Mencs + 24.41 UR Carbetnean + 14540 303 b Propamocarb 4.48 ai 1563 ab 79a (Coanetiren 13.45 29¢ 291 ¢ 

Metalaxyl 0.28 TPW 1271 be 68a 

DD-Mencs 94.4] TIR 1192 be la {+The plus (+) symbol indicates nematicide treatment plus 
propamocarb at 4.48 kg a.i./ha. 

1,3-D-Pic 90.40 + IIR 1090 bede Zla Vigor ratings based on a scale of 0-5, with 0 = dead plants, 
14.40 and 5 = excellent plant growth. 

*Means followed by the same letter are not significantly dif- 
Eee oH ae 825 cde 5la ferent (P = 0.05) according to Duncan’s Multiple Range test. 

Propamocarb 4.48 TPW 820 cde 69a carb-nematicide treatments were significantly more 
Q e vigorous than the nematicide alone or control plots. 

BOBTOD Sed Bh estide ona The propamocarb treatment produced the highest 
Control — — 531 e 5la plant yield, but this yield was significantly higher only 
  

+BCI, TPW, and IIR means broadcast-incorporated, trans- 
plant water treatment, and chisel-injected in-row, respectively. 

*Means followed by the same letter are not significantly dif- 
ferent (P = 0.05) according to Duncan’s Multiple Range test. 

the multi-purpose fumigant, DD-Mencs, or the control 
plots. Plant survival was improved by all treatments 
except the control and DD-Mencs. The aldicarb- 
propamocarb treatment was intermediate. Root knot 
nematode numbers were low, and treatment did not 
significantly influence these numbers. 

Data from the microplot test indicated no adverse 
interaction between propamocarb and the three nem- 
aticides (Table 4). Vigor ratings after 12 days showed 
that plants in the propamocarb alone and propamo- 

TABLE 3.—EFFECT OF CHEMICAL SOIL TREATMENTS ON YIELD OF 
SPEIGHT G-28 TOBACCO CULTIVAR IN 1978. 

  

  

% Living 
Rate kg Application Yield plants after 

Treatment aijjfha method} kg/ha 120 days 

DD + 100.90 TIR 1793 a* 96a 
Metaiaxyl 0.28 sD EW 

DD-Mencs + 21.79 IIR 1778 a 92a 
Propamocarb 4.48 TPW 

Aldicarb + 3.36 BCI 1732a 88 ab 
Propamocarb 4.48 TPW 

DD + 100.90 IIR 1644 ab 90a 
Propamocarb 4.48 TPW 

Aldicarb + 3.36 BCI 1568 abc 91a 
Metalaxyl 0.56 BCI 

Aldicarb + 3.36 BCI 1502 abc 99a 
Metalaxyi 0.28 TPW 

DD-Mencs EO IIR 1436 abc 79 b 

Control = = 1208 c 79 b 
  

+BCI, TPW, and IIR means broadcast incorporated, trans- 
plant water treatment, and chisel injected in-row, respectively. 

*Means followed by a common letter are not significantly dif- 
ferent (P = 0.05) according to Duncan’s Multiple Range test. 

for the carbofuran, carbofuran + propamocarb, and 
ethoprop treatments. Only the carbofuran treatments 
significantly reduced plant yield as compared to the 
control plots. The metalaxyl treatment was phytotoxic 
with the rate (0.28 kg a.i./ha) and application method 
used, and no interaction data were obtained. 

In 1979, all chemically treated tobacco yielded sig- 
nificantly more than the tobacco in the control plots 
(Table 5). The ethoprop outyielded the phenamiphos 
treatment and the two fungicides produced similar 
tobacco yield responses when in combination with 
either nematicide. ‘The tobacco yields of the fungicide 

TABLE 5.—EFFICACY OF TWO NEMATICIDES AND TWO FUNGICIDES FOR 

CONTROL OF ROOT-KNOT NEMATODES AND BLACK SHANK IN MCNAIR 
944 ToBACco IN 1979. 

  

  

Root-gall % Living 
Rate kg Yield index after plants after 

Treatment} a.i./ha kg/ha 123 days 106 days 

Ethoprop + 8.97 2397 a* 1.8 be 92 ab 
Propamocarb 4.48 

Ethoprop + 8.97 2389 a 2.2 ab 95 ab 
Metalaxyl 2.24 

Phenamiphos + 6.73 23724 0.9 cd 97a 
Metalaxyl 2.24 

Phenamiphos + 6.73 2296 ab 0.5d 91 ab 
Propamocarb 3.36 

Ethoprop 8.97 2167 abc 0.7 cd 85 abc 

Phenamiphos + 6.73 2048 bed 1.9 abc 90 ab 
Propamocarb 2.24 

Phenamiphos + 6.73 1923 cd 1.2 bed 84 be 
Propamocarb 4.48 

Phenamiphos 6.73 1842 d 1.3 bed 74c 

Control _ 1220e 3.la 58d 
  

}+Ethoprop, phenamiphos, and metalaxyl were applied broad- 
cast incorporated and propamocarb was applied in transplant 
water. 

*Means followed by the same letter are not significantly dif- 
ferent (P = 0.05) according to Duncan’s Multiple Range test.
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treatments, however, were not significantly different 
from the ethoprop yield. The nematicide treatments 
reduced root-gall indices in all but two treatments as 
compared to the control plots. In these treatments, 

root-gall indices were numerically lower than the con- 
trol plots. All chemical treatments significantly in- 
creased the number of living plants 106 days after 
transplanting. Few differences in number of living 
plants were found between the nematicide alone and 
nematicide-fungicide combinations. 

DISCUSSION 

Results from these tests indicated that the use of 
resistant cultivars and chemical treatments are useful 
techniques in controlling the root knot nematode-black 
shank disease complex in flue-cured tobacco. Nusbaum 
and Todd (10) and Todd and Nusbaum (17) found 
that resistant cultivars were more useful than chemical 
control procedures and data from these tests support 
their conclusion. The Speight G-28 tobacco cultivars, 
resistant to both pathogens, produced 826 and 1404 
kg/ha more yield in 1977 and 1978, respectively, than 

the susceptible cultivar Hicks. Our data indicate that 
resistance to black shank and to root knot nematodes 
are equally important. The two cultivars, each with 

single resistance to one of the two pathogens, produced 

yield increases that were similar to each other but 
lower than when using Speight G-28. Chemical treat- 
ments were more effective when Speight G-28 was used 
but were of no value with the Hicks cultivar. Although 
plant resistance and chemicals provided varying de- 
grees of control of black shank and root knot nema- 
todes, data on percent living plants and yield indicate 
a continued need to utilize other control procedures 
such as crop rotation to lower populations of these 
pathogens (10). 

Use of the two experimental fungicides, metalaxyl 
and propamocarb, for control of black shank appears 
promising. The materials usually proved more effective 
than the currently recommended multipurpose chem- 
icals, DD-Mencs and 1,3-D-Pic, agreeing with data of 
others (2, 14). Although data are incomplete, combina- 
tions of DD-Mencs and the experimental fungicides 
do not appear to improve control over use of propamo- 
carb or metalaxyl alone. An effective nematicide, how- 
ever, must be used in cases where root knot nematodes 
may be a problem. The two experimental fungicides 
appeared comparable in activity although rates and 
application methods need further research. An ap- 
parent weakness in these fungicides is that neither pro- 
vide adequate residual black shank control after ca. 50 
to 60 days (5). At this time, plant death in both re- 
sistant and susceptible cultivars increases rapidly, 
usually during the reproductive stage of tobacco 
growth. Conversely, season-long control of root knot 
nematodes was adequate when a resistant cultivar and 
effective nematicides were used. Predisposition of re- 
sistant tobacco plants to black shank, however, was 
apparently caused by the root knot nematodes even 
though the nematodes caused little direct damage to 
the plants (9). | 

The possibility of an adverse chemical interaction 

between propamocarb and ethoprop was observed from 
data taken in 1977 and also by Csinos and Montogom- 
ery (2) in 1978. Data from the 1978 microplot test and 
the 1979 field test, however, suggested that no adverse 
interaction occurred. In fact, propamocarb provided a 
protective influence on the tobacco in the microplot 
test. Since data are conflicting, this possible interaction 
should be studied further. No apparent interaction was 
found with metalaxyl and other chemicals tested. 
Metalaxyl was somewhat phytotoxic, however, and care 
should be exercised when using this material as a trans- 
plant water treatment (6). Metalaxyl is being tested as a 
broadcast-incorporated treatment, and this should over- 
come the phytotoxicity problem. Although higher rates 
are needed, the broadcast-incorporation of metalaxyl 
did not appear to diminish effectiveness of the chemi- 
cal treatment. 

LITERATURE 

1. Bearmann, G. 1917. Eine einfachee Methyde zur Auffindurg 
von Ankylostomum (Nematoden) larven in Erdproben. 
Geneesk. ‘Tifdschr. Ned-Indie 57:131-137. 

2. Csinos, A. S., and M. B. Montgomery. 1979. Georgia tobacco 
black shank fungicide evaluations, 1978. Amer. Phytopathol. 
Soc. Fungicide-Nematicide Test Reports 34:102. 

3. Jenkins, W. R. 1964. A rapid centrifugal-flotation technique 
for separating nematodes from soil. Plant Dis. Rept. 48:692. 

4. Johnson, J. T., J. R. Rich, and A. W. Boatright. 1979. A 
technique for establishing microplots in the field. J. Nematol. 
(In preparation). 

. Kannwischer, M. E., and D. J. Mitchell. 1978. The influence 
of a fungicide on the epidemiology of black shank of tobacco. 
Phytopathology 68:1760-1765. 

6. Laparade, J. C. 1978. South Carolina tobacco black shank 
fungicide evaluations, 1977. Amer. Phytopathol. Soc. Fungi- 
cide-Nematicide Test Reports 33:110-111. 

7. Loh, C. F., and C. R. Miller. 1968. Effects of Meloidogyne 
javanica (Trueb) Chitwood, M. incognita (Kofoid and White) 
Chitwood, and Phytophthora parasitica Dast. var. nicotianae 
(Breda de Haan) Tucker on varieties of tobacco resistant to 
black shank and root knot. Proc. Soil and Crop Sci. Soc. FI. 
28 :266-275. 

8. Lucas, G. B. 1975. Diseases of Tobacco. Harold E. Parker and 
Sons, Fuquay-Varina, NC. 621 p. 

9. Nusbaum, C. J., and J. F. Chaplin. 1952. Reduction of the 
incidence of black shank in resistant tobacco varieties by 
soil fumigation, (Abstr.) Phytopathology 42:15. 

10. Nusbaum, C. J., and F. A. Todd. 1970. The role of chemical 
soil treatments in the control of nematode disease complexes 
in tobacco. Phytopathology 60:7-12. 

11. Powell, N. T., and C. J. Nusbaum. 1960. The black shank- 
root knot complex in flue-cured tobacco. Phytopathology 50: 
899-906. 

12. Rich, J. R., G. E. Sanden, and J. T. Johnson. 1978. Black 
shank control on tobacco, 1977. Amer. Phytopathol. Soc. 
Fungicide-Nematicide Test Reports 33:111. 

13. Rich, J. R. 1979. Tobacco disease losses in Florida, 1977-1978. 
In: Report of the Tobacco Disease Loss Evaluation Commit- 
tee, Tobacco Worker’s Conf. 45 p. 

14. Sanden, G. E., M. E. Kanniwisher, and D. J. Mitchell. 1979. 
Efficacy of various fungicides and fumigants on yield and 
development of black shank on tobacco, 1977. Amer. Phyto- 
pathol. Soc. Fungicide-Nematicide Test Reports 34:103. 

15. Sasser, J. N., G. B. Lucas, and H. R. Powers, Jr. 1955. The 
relationship of root knot nematodes to black shank resistance 
in tobacco. Phytopathology 45:459-461. 

16. Tisdale, W. B. 1931. Development of strains of cigar wrapper 
tobacco resistant to black shank (Phytophthora nicotianae 
(Breda de Hann). Fl. Agr. Exp. Stat. Bull. 226. 45 p. 

17. Todd, F. A., and C. J. Nusbaum. 1966. Disease Control. Multi- 
purpose chemical treatment is aim of tobacco research pro- 
pee Neh Exp. Sta. Progress Report No. 4, Res. Farming 
24:12-13. 

o
r



PROCEEDINGS, VOLUME 39, 1980 135 

Economics of Irrigating Peanuts" 

Timotrny D. Hewitt, DANIEL W. GorseET, 
AND GEORGE O. WESTBERRY? 

ABSTRACT 

The value of peanut (Arachis hypogaea L.) produc- 
tion to the economy of North Florida, combined with 
improved yields from new cultivars and production 
practices, and the variability of rainfall have drawn 
attention to the practice of irrigating peanuts. Because 
of the large initial investment required to purchase an 
irrigation system, an evaluation is necessary to deter- 
mine the costs and returns of irrigating peanuts. 

Weather data collected from the Marianna Agri- 
cultural Research Center were used to show the average 
monthly distribution of precipitation and the prob- 
ability of the occurrence of dry periods. Data from the 
past eight years were available to compare yield re- 
sponses of peanuts to irrigation. Each year tensiometers 
were used in the tests to schedule irrigations for treat- 
ments in which soil moisture tension in the plow layer 
(20 cm) was maintained below 70 cbars. 

Fixed and variable costs were estimated for a 55- 
hectare center pivot irrigation system and a 40.5- 
hectare traveling gun irrigation system. Peanut pro- 
duction costs were calculated with and without irriga- 
tion. These costs were the basis for comparing the dif- 
ferent production methods and determining if irrigat- 
ing peanuts was profitable. The data revealed that the 
average yield response to irrigation was 535 kg/ha. The 
variation in yield response ranged from 2,026 kg/ha in 
1976 to a negative response of 508 kg/ha in 1973. The 
results also indicated that at a price of $0.47/kg, a 
yield increase of 472 kg/ha would cover additional 
costs for a center pivot irrigation system and a yield 
increase of 522 kg/ha would cover additional costs for 
a traveling gun irrigation system. The eight-year ay- 
erage increase indicated that irrigating peanuts is only 
marginally economical. However, there were two dry 
years in the eight years where the yield response to 
irrigation was over 1600 kg/ha. In dry years, such as 
1972 and 1976, the irrigation system may prove to be 
an insurance against poor yields and will more than 
justify the cost. 

Additional Index Words: Soil types, Dry periods, 
Irrigation costs, Production costs, Variable costs, Fixed 

costs, Yield response. 

  

Peanut (Arachis hypogaea L.) production is an 
important segment in the agricultural economy of 
Florida. Peanuts accounted for approximately $40 mil- 
lion of Florida’s agricultural income in 1978. In the 
two principle peanut producing areas of Florida, pea- 
nut production accounts for more than 50 percent of 
the total value of field crop production. Florida farmers 
have harvested between 21.8 and 22.2 thousand 
hectares of peanuts annually since 1971. The average 

1Florida Agricultural Experiment Station Journal Series No. 
2251. 

2Area Economist and. Associate Agronomist, Agricultural Re- 
search Center, Marianna, Florida 32446; and Area Economist, 
Agricultural Research and Education Center, Quincy, Florida 
$2351. 

yield has increased from 2,900 kg/ha in 1971 to 3,785 
kg/ha in 1978, or approximately 885 kg/ha in 8 years. 
‘The average price increased from $0.31/kg to $0.47/kg 
during the same time period (2). 

Peanut irrigation is rapidly becoming a common 
practice in the Southeast as producers attempt to in- 
crease yields and guard against severe yield reduction 
caused by inadequate mositure. Research has shown 
that proper management of irrigation can increase 
peanut yields and improve quality (1, 3, 4, 10, 11). 
Studies in Alabama (10) have defined the optimum 
soil water conditions and documented a 37 percent in- 
crease in yield. Increased peanut yields were also ob- 
tained in Oklahoma and Texas from the use of irriga- 
tion and improved production practices (7, 9). 

PEANUT IRRIGATION 

Plants vary in their sensitivity to moisture stress 
according to environmental conditions and phenotypic 
characteristics of the species. The growth stage of a 
plant is also a significant factor in its reaction to 
moisture stress. Peanuts are a relatively drought 
tolerant crop, which is very well adapted to sandy soils. 

The essentially indeterminate growth habit of 
peanuts is of major importance for drought adaptation. 
The plant begins flowering at 25-30 days after planting, 
and most cultivars will continue flowering until the 
plant has established the maximum fruit load that it 
can sustain. Flowering may extend until harvest. When 
moisture stress occurs during the season, flowering is 
reduced and occasionally stopped completely. When 
moisture is supplied in the form of rain or irrigation, 
the plant responds with new growth and flowering 
(3, 4). This is in contrast to several crops. Corn, for ex- 

ample, has a very definite period during which flower- 
ing and fruit-set occurs. A drought during this critical 
period can drastically reduce yields. 

Peanuts respond to favorable soil moisture; how- 
ever, excessive moisture can reduce pod yields. Favor- 
able yields are obtained when the soil moisture tension 
at the 15.2 cm depth is not allowed to become greater 
than 60 cbar (3, 4). At 60 cbar, soils in the Southeast 
have a soil water content of approximately 10 percent 
by volume. Sandy to sandy loam soils hold approxi- 
mately 3.2 cm of available water per 30.5 cm of depth 
(3, 4). 

APPROACH 

Irrigation can both increase yield and reduce some 
variability. The major purpose of this study was to 
determine whether it is feasible to incur the necessary 
investment and provide the annual dollar support re- 
quired for an irrigation system. Irrigation equipment 
such as the center pivot system and the cable tow 
traveler have low labor requirements but a high initial 
investment cost. The center pivot irrigation system 
consists basically of a sprinkler line which rotates con- 
tinuously around a pivot point in the center of a field. 
These systems are commonly used in large circular, 
square, or slightly rectangular shaped fields. The trav-
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eling gun irrigation system consists essentially of a 
large volume sprinkler which drags its own water 
supply hose and moves across the field by a cable that 
is anchored at the end of the field opposite the start- 
ing point. 

The purpose of this paper is to provide an analysis 
of the economic feasibility of producing peanuts under 
irrigation, including cost information on the two most 

popular irrigation systems. 
Production cost estimates were developed, both 

with and without irrigation. A break-even yield was 
also developed for the different irrigation systems. 

AMOUNTS AND DISTRIBUTION OF 
RAINFALL 

When considering irrigation of peanuts, the 

amount and distribution of rainfall are critical. Rain- 
fall data were collected at the Marianna Agricultural 
Research Center during the 1971-78 growing seasons 
as shown in Table 1. The rainfall data in Table 1 
imply that there is adequate rainfall during the grow- 
ing season for good peanut production. However, 
average rainfall does not describe the distribution of 
the rainfall which is also important. Table 2 illustrates 
the variability of rainfall at Marianna in 1976, a year 
of much variability and a high yield response to irri- 
gation. 

Research has shown that peanuts will produce high 
yields with 1.8 cm of water applied every five days (10). 
‘Table 3 shows the high probability of stress producing 
dry periods for both the complete growing season and 
through July 31. The peak needs for water generally 
occur during June, July, and August, depending on the 
planting date. 

YIELD RESPONSE TO IRRIGATION 

Studies by Gorbet and Rhoads (3, 4) at the Mari- 
anna Agricultural Research Center since 1971 provide 
production data for both irrigated and non-irrigated 
peanuts. Water was applied to the irrigated plots when 
soil-water tension reached 60 cb at 15.2 cm. Enough 
water to recharge the plow layer (20-cm depth) was 
applied at each irrigation. The cultivar ‘Florunner’ 
was used for all of the production studies except in 
1974 when ‘Early Bunch’ was utilized. The average 
difference in yields between non-irrigated and irrigated 
peanuts in tests conducted between 1971 and 1978 was 
approximately 535 kg/ha, as shown in Table 4. Im- 
provements in grade were noted in years that a posi- 
tive yield response was obtained. 

TABLE 1.—MONTHLY RAINFALL AT THE MARIANNA ARC, 1971-78. 

  

  

Month 

Year Apr. May June July Aug. Sept. 

ee SSS sad MeL rd So Centimeters =e ene 

1971 8.05 7.70 9.78 13.21 17.17 6.27 
1972 0.97 7.29 22.58 9.60 13.69 5.44 
1973 19.30 17.45 9.22 28.24 11.46 13.72 
1974 8.64 9.60 3.96 8.36 20.35 11.89 
1975 26.29 10.08 10.41 34.82 13.72 9.68 
1976 4.75 22.58 7.82 7.70 8.81 13.89 
1977 2.24 1.52 16.15 9.02 13.26 24.97 
1978 11.81 17.09 9.63 18.42 12.45 2.49 
Average 10.26 11.66 11.19 16.17 13.86 11.04 

TABLE 2.—DAILY RAINFALL AT THE MARANNA ARC, 1976. 

  

  

  

  

Month 

Day Apr. May June July Aug. Sept. 

ESTES i AOC Dee Centimeters eee 

1 1.07 5.77 1.85 0.08 0.03 
2 0.79 3.18 0.30 0.25 
3 0.03 0.03 6.99 
4 0.05 0.20 0.15 
5 0.15 1.50 
6 0.38 0.81 
7 2.06 0.48 0.86 
8 1.30 0.20 
9 0.99 0.38 

10 
11 0.20 
12 0.03 
13 0.10 
14 0.46 0.05 0.69 
15 3.84 
16 0.05 
17 0.81 0.08 0.13 
18 1.19 0.25 
19 0.20 
20 2.29 
21 0.56 
22 0.64 0.03 
23 2.74 
24 0.86 0.15 0.03 
25 ED 1.32 0.05 1.93 
26 0.08 0.79 
27 1.19 0.30 0.28 
28 1.65 0.05 0.84 
29 1.80 0.56 0.03 6.12 
30 1.02 0.13 
31 0.61 

Total 4.76 22.59 7.83 7.70 8.81 13.89 

  

IRRIGATION COSTS 

Fixed and variable costs were estimated for both a 
55 ha center pivot system and a 40.5 ha traveling gun 
irrigation system. Variable costs are out-of-pocket ex- 
penses that change directly with the level of input or 
use. Fixed costs are the overhead costs related to pro- 

TABLE 3,—PROBABILITY OF OCCURRENCE OF DRY PERIODS OF VARIOUS 
LENGTHS, MARIANNA, FLORIDA.’ 

  

Days of dry Percent probability 
period of dry period 
  

April 1—Sept. 30+ 

5 99 
10 99 
15 85 
20 56 
25 37 
30 22 
35 4 
40 1 

April 1—July 31§ 

5 99 
7 99 

10 99 
14 85 
  

}Probabilities based on precipitation data during years 1952 
thru 1978. A dry period is defined to be a set of consecutive days 
each with less than .51 cm of precipitation. 

+Probabilities of dry periods occurring during the complete 
production period. 

§Probabilities of dry periods occurring during the time of 
peak water requirements.
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TABLE 4.—YIELD OF IRRIGATED AND NON-IRRIGATED PEANUTS AND duction. Most of the costs are a result of providing the 
DIFFERENCES, MARIA _ = O : 

EN capital items needed. These costs are incurred regard- 
less of the amount of equipment use. 

  

  

  

Year Irrigated Non-irrigated Differences Y 
Annual fixed costs were based on current prices ob- 

La PAP OLS INS ke/hratess ecaei nee oar tained from dealers. Fixed costs include depreciation, 
1971 59S 5743 171 interest, repairs, taxes, and insurance. Depreciation 
1972 6573 4935 1639 spreads investment cost over the productive life of the 
eee soa eRe 8 system and was calculated using the straight line 
1975 5290 5235 55 method. Salvage value was assumed to be 10 percent 
1976 5475 3448 2026 of new cost, except for the well, which was assumed to 
1977 5616 5406 209 have no salvage value. The useful life of the system was 
ae 3057 4809 282 based on the manufacturers’ recommendations and 
verage 5464 4929 535 . . : engineering data. ‘The other fixed costs are interest, the 

+Severe disease pressure (Cercospora leafspot and Sclerotium opportunity cost of capital invested in resources; re- 
rolfsii white mold) occurred, especially in the irrigated plots. pairs, such as major overhauls preformed during the 

TABLE 5.—FIxep cosTs FOR A 55-HECTARE CENTER PIVOT IRRIGATION SYSTEM, NORTHWEST FLORIDA, 1979. 

  

Diesel engine 
System? (130 h.p.) Wells 

Item (55 hectare) & 7.5 kw generator 30.48 cm by 54.84 m Pump Total 
  
  

  

New cost 27,292.00 8,425.00 5,000.00 6,250.00 46,967.00 
Average cost§ 13,646.00 4,212.50 2,500.00 3,125.00 — 

Years ilfe 15 12 20 15 = 
Depreciation] 1,637.52 631.88 250.00 375.00 2,894.40 

Interest# 1,364.60 421.25 250.00 312.50 2,348.35 
Repairs} 272.92 84.25 50.00 62.50 469.67 
Taxest£ 204.69 63.19 37.50 46.88 352.26 
Insurance§ § 327.50 101.10 60.00 75.00 563.60 

Total annual{{ 3,807.23 1,301.67 647.50 871.88 6,628.28 

Fixed cost/ha 69.22 23.67 11.77 15.85 120.51 

  
  

+Components include: 7 spans @ 54.84 m, 15.23 m cantilever, pivot, end gun, automatic reverse, automatic shutdown, freight, in- 

stallation and miscellaneous equipment. 
+In some areas of Northwest Florida it will be necessary to drill deeper than 54.84 m. 
§New cost divided by 2, which represents the average capital expenditure over the life of the investment. 

[New cost minus 10% salvage value divided by years life (the well has no salvage value). 

# Average cost times 10%, which represents the annual opportunity cost of capital invested in the system. 
+tNew cost times 1%. 
Average cost times .015 (15 mills). 
§§$12.00 per thousand (new cost). 
{Sum of depreciation, interest, repairs, taxes, and insurance. 

TABLE 6.—Frxep costs For A 40.5 HECTARE TRAVELING GUN IRRIGATION SYSTEM, NORTHWEST FLORIDA, 

  
  

    

1979 

Miscellaneous 
System} Power unitt PVC§ pipe fittings and 

Item (40.5 hectare) & pump pipe Risers] suction kit Total 

New cost $9,500.00 $7,800.00 $9,120.00 $750.00 $800.00 $27,970.00 
Average cost # 4,750.00 3,900.00 4,560.00 375.00 400.00 - 

Years life 10 12 15 15 15 — 
Depreciation} 855.00 585.00 547.20 45.00 48.00 2,080.20 

Interestt+ 475.00 390.00 456.00 37.50 40.00 1,398.50 
Repairs§ § 95.00 78.00 91.20 7.50 8.00 279.70 
Taxes{[{ 71.25 58.50 68.40 5.63 6.00 209.78 
Insurance# # 114.00 93.60 109.44 9.00 9.60 335.64 
Total annual}}} 1,610.25 1,205.10 1,272.24 104.63 111.60 4,303.82 
Fixed cost/ha 39.76 29.76 31.41 2.58 2.76 106.27 

  

+One 1.25 ha-cm/hour cable tow unit that includes air purge, all attachments, 201.1 m of 11.43 cm hose, and hose reel. 

+90 continuous horse power diesel and a centrifugal pump, 1.25 ha-cm/hour @ 11.25 kg/cm2. 

§363.6 m of 20.32 cm — 11.25 kg/cm2 rated pipe x $10.83 per meter and 731.2 m of 15.24 — 11.25 kg/cm? rated pipe x $7.05 per meter. 

10-15.24 cm risers at $75 each. 

#New cost divided by 2, which represents the average capital expenditure over the life of the investment. 

++New cost minus 10% salvage value divided by years life. 
ttAverage cost times 10%, which represents the annual opportunity cost of capital invested in the system. 

§$New cost times 1%. 
[Average cost times .015 (15 mills). 
+ #$12.00 per thousand (new cost). 
++tSum of depreciation, interest, repairs, taxes, and insurance.
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off-season; taxes, such as ad valorem taxes which must 
be paid regardless of use; and insurance on fixed re- 
sources whether covered by an actual policy or borne 
by the owner (14). 

‘The interest and insurance rates used are those cur- 
rently available in the North Florida area. Taxes were 
computed by using mid-life value (13) and a tax rate 
of 15 mills. Some repairs will be needed even if the 
system is not used; therefore, a charge of 1 percent of 
the new cost is included (13). 

The total annual fixed costs for a 55-ha center pivot 
irrigation ssytem are $6,628.28 or $120.51/ha as shown 

in Table 5. The total annual fixed costs for a 40.5-ha 
traveling gun irrigation system are $4,303.82 or 
$106.27/ha as shown in Table 6. Fixed costs are con- 
sidered as the costs of ownership, and they occur re- 
gardless of the level of use of the system. 

Variable or operating costs were determined by 
engineering data (6) and verified by local producers. 
Current prices were used for fuel, lubricants, labor, 
and interest as shown in ‘Table 7. The per irrigated 
hectare operating costs were $10.89 for the center pivot 
system and $16.91 for the traveling gun system (Table 
7) for the delivery of 2.54 cm of water per application. 

The appropriate number of applications for each 
producer will vary depending on rainfall and time of 
planting. ‘The assumption here, based on experimental 
data, is that the peanuts require six applications of 
water during the growing season. Thus, total variable 
costs would be 6 x $10.89 = $65.34/ha for the center 
pivot irrigation system and 6 x $16.91 = $101.46/ha 
for the traveling gun system. 

Total irrigation costs are equal to the sum of fixed 
costs and variable costs. In this case, the total per 
hectare cost for the center pivot system is $185.85 
(120.51 + $65.34). The total per hectare cost for the 
traveling gun system is $207.73 ($106.27 + $101.46). 

Fixed costs as described above are based on the eco- 
nomic life of the investment. ‘This method assumes that 
the producer has the capital needed to purchase the 
systems and is valid for allocating costs. However, pro- 
ducers often must pay for equipment in a shorter time 
period than the economic life. From a cash flow stand- 
point, the producer must consider his annual payment 
rather than annual cost based on economic life. Dif- 
ferent capital availability situations for producers will 
affect the annual cash flow, which is an important con- 

TABLE 7.—PER HECTARE OPERATING COSTS FOR APPLYING 2.54 cm 
OF WATER PER APPLICATION WITH A 55 HECTARE CENTER PIVOT AND A 
40.5 HECTARE TRAVELING GUN IRRIGATION SYSTEM, NORTHWEST FLOR- 

  

  

  
  

wa, 1979. 

Item Center pivot Traveling gun 

eee dollarsaessenen 
Fuel (diesel) 

@ 19.8¢ per liter} $ 7.41 $11.12 
Lubricants 1.58 2.00 
Labor (at $3.00 per hour) 44 1.51 
Miscellaneous overhead (10%) 94 1.46 
Interest on above for 6 months 

(at 10%) 52 82 

Total operating costs/ha $10.89 $16.91 
  

+Assumes use of 37.4 liters of fuel per application for center 
pivot system and 56.2 liters of fuel per application for traveling 
gun system. 

sideration in the decision making process for most 
producers. 

Lending agencies offer a variety of financing 
methods, but the one most appropriate is equal- 
amortization of the loan over seven years. If $46,967 is 
amortized over seven years at 10 percent, the annual 
payment is $9,361.46. If $27,970 is amortized over seven 
years at 10 percent, the annual payment is $5,574.98. 
‘This would result in an annual per hectare cost of 
$170.21 and $137.65, respectively. 

PRODUCTION COSTS 

The annual variable and fixed costs of producing 
peanuts under dry land conditions and with both the 
center pivot and the traveling gun irrigation systems 
are shown in Table 8. These are representative budgets 
of some of the peanut producers who follow “top 
management’ practices. While these budgets do not 
specify any one producer’s situation, they should be an 
adequate representation of many peanut producers in 
Florida. 

The operating expenses for production inputs in 
Table 8 are estimated expenses paid by the producers 
for the 1979 crop of peanuts. The costs of operating the 
tractors, trucks, and other equipment are based on en- 
gineering data tempered slightly with actual operating 
costs obtained from records of area producers. 

Land rent and allotment charges are included in 
the budget. These are legimate cash expenses if the 
land is actually rented and if an allotment is actually 
rented. If the land is owned, a “rent” charge will rep- 
resent the opportunity cost on capital invested in land. 
The latter charge can be estimated by multiplying the 
market value of land times the current interest rate. 
Ad valorem taxes can also be included. Charges for 
land and allotment rates are similar to the current 
local market price. 

Table 8 shows that the total variable and fixed 
costs for non-irrigated peanuts are $1314.02/ha. Using 
irrigation the total variable and fixed costs for irrigated 
peanuts are $1535.20/ha using the center pivot system 
and $1558.89/ha using the traveling gun system. 

‘The average price for peanuts in 1978 was $0.47/kg. 
At this price an average increase in yield of 472 kg/ha 
under the center pivot system and 522 kg/ha under the 
traveling gun system would be required to cover the 
additional production costs associated with irrigation. 
As mentioned earlier, the average yield increase with 
irrigation was 535 kg/ha; thus, these break-even yields 
under irrigation appear to be practically attainable in 
North Florida. 

SUMMARY AND CONCLUSIONS 

Peanuts are a very important crop to many pro- 
ducers in Florida. Because of the variability of rain in 
Florida, there has been much interest in the use of 
irrigation to provide optimum soil moisture. Experi- 
ments conducted at the Marianna Agricultural Re- 
search Center have shown that irrigation, which adds 
considerable expense to the production process, in- 
creases yield an average of 535 kg/ha. The center pivot 
irrigation system and the traveling gun irrigation sys- 
tem are the most widely used systems in the peanut 
producing areas of Florida. The cost analysis indicates 
that both systems are economical in that added vari-
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TABLE 8.—EsTIMATED COST OF PRODUCING ONE HECTARE OF PEANUTS, NORTH FLORIDA, 1979. 

  

  

Price 
Quantity} per Total} 

Item Unit NI ICP ITG unit NI IGP. ITG 
Pe End ats dollarst seeree saint ss 

Cash expenses 
Seed ke. 112 112 112 1.01 113.12 113.12 113.12 
Fertilizer quintal 5.61 5.61 5.61 10.47 58.74 58.74 58.74 
Lime metric ton 2.24 2.24 2.24 17.63 39.49 39.49 39.49 
Land plaster quintal 6.73 6.73 6.73 Seo 22.28 22.28 22.28 

Herbicide ha. 1.00 1.00 1.00 58.44 58.44 58.44 58.44 
Insecticide ha. 1.00 1.00 1.00 65.36 65.36 65.36 65.36 
Fungicide liter 13.10 14.96 14.96 4.96 64.98 74.20 74.20 
Spraying (air) no. 5.00 8.00 8.00 2.50 12.50 20.00 20.00 
‘Tractor 

(125 hp) hr. O77, 9.17 97, 5.10 46.77 46.77 46.77 
‘Tractor 

(40 hp) hr. 6.28 6.28 6.28 1.63 10.24 10.24 10.24 
Equipment hr. 15.45 15.45 15.45 1.39 21.48 21.48 21.48 
Truck, pickup km. 159.00 159.00 159.00 0435 6.92 6.92 6.92 
Truck, 

2-metric ton km. 79.50 79.50 79.50 .0680 5.41 5.41 5.41 
Hauling ha. 1.00 1.00 1.00 19.87 19.87 19.87 19.87 
Drying & cleaning metric ton 3.36 3.93 3.93 23.14 77.75 90.94 90.94 
Peanut Commission metric ton 3.36 3.93 3.93 1.102 3.70 4.33 4.33 
Labor hr. 17.76 17.76 17.76 2.90 51.50 51.50 51.50 

Irrigation 65.34 & 65.34 
costs ha. 1.00 1.00 101.46 101.46 

Land and 
allotmentt ha. 1.00 1.00 1.00 370.65 370.65 370.65 370.65 

Interest on 
cash exp.§ $ 1049.20 1145.08 1181.20 05 52.46 57.25 59.06 

Total cash expenses 1101.66 1202.33 1240.26 
Fixed costs ie ate aN 

‘Tractor 
(125 hp) hr. 9.17 9.17 9.17 7.79 71.43 71.43 71.43 

‘Tractor 
(40 hp) hr. 6.28 6.28 6.28 2.49 15.64 15.64 15.64 

Truck, pickup km 159.00 159.00 159.00 062 9.86 9.86 9.86 
Truck 

2-metric ton km. 79.50 79.50 79.50 .078 6.20 6.20 6.20 
Equipment hr. 15.45 15.45 15.45 7.07 109.23 109.23 109.23 
Irrigation ha. 1.00 1.00 120.51 & 120.51 

106.27 106.27 
Total fixed costs 212.36 332.87 318.63 

Total costs 1314.02 1535.20 1558.89 

    

+NI = non-irrigated; ICP = irrigated with center pivot system; ITG = irrigated with traveling gun system. 
tLand rent @ $74.13/ha and allotment @ $296.52/ha. 
$10% for 6 months. 

able and fixed costs are covered by increases in yield. 
The center pivot system does require a larger initial 
investment and a field of a certain size and shape. In 
some farming situations it may not be possible to 
choose the center pivot system over the traveling gun 
system because of field layouts and the higher capital 
requirements. 

The analysis indicates that a yield of 472 kg/ha 
was needed to cover additional costs using the center 
pivot irrigation system. A yield of 522 kg/ha using the 
traveling gun system was required to cover additional 
costs. On the average, at a price of $0.47/kg, the center 
pivot system would result in an additional $29.55/ha 
and the traveling gun system would yield an additional 
$6.10/ha assuming the average yield increase of 535 
kg/ha. 

There was an increase in yield with irrigation in 
every year except 1973. In 1973 the timing of the irri- 
gations combined with some heavy rains caused some 
disease problems that decreased the yields of the irri- 
gated plots. 

The yield data indicate that there are years such as 

1972 and 1976 where the yield response to irrigation 
was more than adequate to pay for the cost of the 
system. Thus, irrigation can be thought of as a type of 
insurance policy to guard against dry years. Irrigation 
will reduce crop risks by reducing the effects of a bad 
year and insure against possible cash flow problems. 
‘The cash flow consideration is very important and each 
producer needs to analyze his particular situation and 
determine if the installation of an irrigation system is 
financially feasible. 

Peanut irrigation will also aid in maintaining the 
quality of the peanuts which will have an affect on the 
price received for the peanuts. With irrigation the 
SMK (sound mature kernels) often increases, accept- 
able germination is maintained for seed peanuts, alfa- 
toxin risks are decreased, and calcium is taken up 
better by peanuts in dry years (1, 3, 4). 

This analysis has shown that irrigation of peanuts 
is economical based on the economic life analysis. In 
an average year, either irrigation system will pay for 
itself. Because of the variability of rainfall, an irriga- 
tion system may be a wise investment for the peanut
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producers of Florida as a means of eliminating some of 
the risk and uncertainty involved with producing 
peanuts. 
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Blue Mold Incidence in Tobacco as 
Affected by Nitrogen Fertilization’ 

W. D. Smitu, E. B. Wuitty, AND T. A. KUCHAREK? 

ABSTRACT 

In a 1979 fertilizer experiment, conducted near 
Gainesville, Florida, differences in blue mold incidence 
in tobacco (Nicotiana tabacum L.) were observed be- 
tween three levels (84, 168, and 252 kg/ha) of nitrogen. 
A high linear correlation (r=.96) was obtained, with 
a definite increase in severity of the disease occurring 
with increased rates of nitrogen. 

This relationship was attributed to certain physical 
and physiological factors. Physically, the larger leaves 
produced by higher nitrogen rates provided shaded 
conditions which would be a favorable environment 
for disease development. Physiologically, the plant was 
rendered more susceptable to infection by high water 
content and thin cell walls, which are characteristic of 
young, rapidly growing, succulent leaves produced 
with high levels of nitrogen. 

Additional Index Words: Peronospora tabacina 
Adam, Nicotiana tabacum L. 

  

Blue mold (Peronospora tabacina Adam) of tobacco 
(Nicotiana tabacum L.) is normally recognized as a 
disease occurring in the plant bed. However, in 1979 a 
disease epidemic occurred in the field. Losses for flue- 
cured tobacco ranged from an estimated 3% or less in 
Florida, to 30% in Canada. Early work by Henderson 
(2) showed that blue mold incidence in the plant bed 
could be related to nitrogen and potassium fertiliza- 
tion. A similiar relationship was thought to occur in 
the field, but has not been documented. Therefore, the 

1Florida Agricultural Experiment Station Journal Series No. 
2242. 

2Graduate Research Assistant, Professor of Agronomy, and 
Associate Professor of Plant Pathology, Respectively, University 
of Florida, Gainesville, FL 32611. 

purpose of this study was to gain additional informa- 
tion regarding the relationship between blue mold in- 
cidence and nitrogen fertilization in the field. 

MATERIALS AND METHODS 

A field test with a 3 x 5 factorial arrangement in a 
randomized complete block design was conducted to 
study the effects of three rates of nitrogen (84, 168, and 
252 kgN/ha) on tobacco yield and quality. Each rate 
was applied in one, two, three, four, and five side 
dressings. This gave a total of 15 treatments replicated 
four times. Cultivar ‘Speight G-28’ was used through- 
out the experiment. Observations were made for possi- 
ble differences in blue mold incidence for the 20 plots 
which received each rate of nitrogen. A visual disease 
assessment system from 0-10 was used with 0 being no 
damage and 10 being a total loss. The two center rows 
of each 4-row plot were observed and the average rat- 
ings for the 20 plots in each treatment were analyzed, 
using simple linear regression. 

RESULTS AND DISCUSSION 

It was observed that increased incidence of blue 
mold occurred as the nitrogen level was increased. By 
using simple linear regression analysis a high linear 
correlation (r=.96) was obtained (Fig. 1). The disease 
was least severe at 84 kg/ha, increased with the 168 kg 
rate and was the most severe when 252 kg/ha of nitro- 
gen was applied. 

Studies in the greenhouse and plant bed have led 
to numerous explanations for this increase. Hill (3) 
observed young, rapidly growing, succulent leaves pro- 
duced more conidia than older, slower growing, riper 
leaves. Earlier work by Clayton (1) showed that as 
plants matured their resistance increased and host 
vigor, as well as genotype, had a marked effect on
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Fig. 1.—Observed and predicted blue mold ratings as affected 
by nitrogen fertilization rates. 

susceptibility. Mandryk (5) observed that under sub- 
optimal nitrogen fertilization, resistance to blue mold 
was due to dwarfing, reduction in leaf area, nitrogen 
deficiency symptoms, and premature senescence. Lucas 
(4) states that cloudy weather, reduced light intensity, 
and oyer fertilization permit succulent growth and 

make the plant more susceptible. He also states that the 
shaded conditions produced by narrow row spacings 
are favorable to disease development. 

CONCLUSION 

An explanation can be offered for increased blue 
mold with higher nitrogen fertilization. Physically, 
shaded conditions produced by larger tobacco leaves 
provide a favorable environment for disease growth. 
Physiologically, succulent tobacco with a higher water 
content and thin cell walls renders the plant more 
susceptible to infection. Higher levels of nitrogen in 
the field will produce both of these factors (6). 
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Endomycorrhizal Fungus Infection in Citrus Fibrous Roots of 
Trees with and without Blight 

S. NEMEc?* 

ABSTRACT 

Endomycorrihizal fungus development was evalu- 
ated in fibrous roots of trees in eight citrus groves with 
blight. Percentage infection and vesicle and hyphal 
development did not differ in roots of trees fertilized 
with nitrate nitrogen or an equal mixture of nitrate 
and ammonium nitrogen in one grove. In two groves 
where blight was more severe on one of two adjoining 
soil types, infection was slightly lower in roots of blight 
trees compared to healthy trees, but infection in the 
healthy trees did not differ between soil types. In a 
grove with a shallow clay hardpan, infection did not 
differ between trees on the pan and trees on deep sand. 
Percent infection was no different if roots of blight 
trees had a high or low hydraulic conductivity and in- 
fection in them was the same as in roots of healthy 
trees. In other groves, infection in blight trees was not 
different from that in healthy trees. Overall, blight 
trees had a mean of 83.7% vesicular-arbuscular my- 
corrhizal fungus (VAM) infection and healthy trees 
had a mean of 90.4% infection. These data suggest 
that VAM are effective symbionts in both blight and 
healthy trees. 

Additional Index Words: Young tree decline, En- 

dogonaceae. 

1U.S. Horticultural Research Laboratory, Agricultural Re- 
search, Science and Education Administration, U.S. Department 
of Agriculture, Orlando, FL 32803. 

  

Wilt symptoms in citrus trees with blight are as- 
sociated with a dysfunction of water uptake mecha- 
nisms. Waterflow in blight trees compared to flow in 
healthy trees and trees with other diseases is restricted 
(2, 5). Vessel plugging in the water-conducting xylem 
is greater in blight trees than in healthy ones and, as 
plugging increases, waterflow decreases (10). The 
causes for this xylem blockage may originate above or 
below ground. Rickettsialike bacteria which inhabit 
xylem vessels have been found in blight and apparently 
healthy trees and are potential causal agents (4, 7). The 
relationship of blight to soil edaphic factors (3, 11, 14) 
suggests that it may be a complex root disease and may 
involve the weak parasite, Fusarium solani (Mart.) 
Appel. & Wr. emend Snyd. & Hans. (12). 

An imbalance in the uptake capability of the tree 
may develop if vesicular-arbuscular mycorrhizal fungi 
(VAM) are inhibited from infecting or developing 
normally in roots, or if mycorrhizal roots are reduced 
in number. These fungi enhance mineral nutrition of 
the host by improving the uptake of phosphorus and a 
number of minor elements, especially zinc (6). They 
also increase the water uptake of roots (15). An ac 
curate estimation of VAM infection of citrus in the 
field has not been performed. An assessment of VAM 
activity in roots of trees with blight may help explain 
if deficiencies of them exist, and if VAM play an active 
or passive role in blight development.
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This study reports the VAM infection levels and 
development of internal fungal structures (vesicles and 
hyphae) in eight Florida citrus groves with blight 
symptoms. 

MATERIALS AND METHODS 

Mycorrhizal fungus infection in healthy trees was 
compared with infection in diseased trees with blight 
in all groves. About half of the groves selected were 
chosen because cultural practices and soil features 
varied in them; for each variable studied, five healthy 
and five blight trees were compared. Only blight trees 
with early-to-moderate disease symptoms were in- 
cluded in the study. Fibrous root samples were col- 
lected for evaluation of VAM infection in September 
1977 and between July 1978 and March 1979. Roots 
from the most current flush of growth were chosen. 
Roots were collected with a shovel at four equidistant 
locations beneath the dripline of each tree, to a depth 

of approximately 40 cm. 
‘The roots from each tree were pooled and cut into 

1-cm-long pieces. A subsample was cleared in KOH and 
stained in aniline blue or trypan blue using the tech- 
nique described by Phillips and Hayman (13). One 
hundred root pieces from each subsample were pressed 
between glass slides and examined for infection on the 
stage of a dissecting microscope. Vesicle and hyphal 
development were rated on a scale of 0-3. Zero was 
considered equal to no infection, 1 was equal to 1-50 
vesicles and light hyphal infection, 2 was equal to 51- 
100 vesicles and moderate hyphal infection, and 3 was 
equal to over 100 vesicles and heavy hyphal infection. 
From these data, percentage infection, and mean 
vesicle and hyphal ratings were calculated. In the 
Winter Garden A grove, percentage infection and per- 
centage of fibrous roots containing vesicles and hyphae 
were calculated. 

Zinc content was determined in outer trunk wood 
of trees according to the technique defined by Wutscher 
et al. (17). This was done to substantiate the presence 
of blight. 

Soil from around roots was wet-sieved and ex- 
amined for VAM chlamydospores, azygospores, and 
sporocarps to determine species present in the soils. 
Table 1 contains the grove location, scion/rootstocks, 
soil types, zinc content of wood, and quantity of nitro- 
gen applied annually the last several years for all 
groves studied. An explanation of the sampling tech- 
nique used, cultural practices, and soil features that 

were present in about half of the groves studied are as 
follows: 

Babson Park Grove: A portion of the grove was 
fertilized beginning in May 1975 with calcium nitrate 
as the sole nitrogen source, and another portion fertil- 

ized with half calcium nitrate and half ammonium 
nitrate. Fertilizer was applied twice yearly. Roots were 
collected from both fertilized areas of the grove. 

Ft. Pierce Grove: The site contains an area of about 
0.4 to 0.8 hectares of Chobee muck (fine-loamy, mixed, 
hyperthermic typic argiaquolls) surrounded by Riviera 
fine sand (loamy, siliceous, hyperthermic arenic glos- 
saqualfs). Only a few trees in the Chobee muck have 
developed blight, whereas blight is severe in the 
Riviera fine sand. This site is part of the Coca Cola 
Minute Maid Cloud Grove which has been heavily 
damaged by blight. 

Clermont Grove: In one part of the grove a clay 
pan is exposed over about one-half surface hectare. 
About half of the trees on the clay have blight or have 
been removed because of blight, while almost no blight 
has appeared in trees in deep sands surrounding the 
clay spot. 

Okahumpka Grove: Like the Clermont grove, this 
grove is underlaid by a clay pan that is close to the soil 
surface in many locations. Blight and healthy trees 
were sampled in shallow sand over clay, but only 
healthy trees were found in deep sand for this study. 

Winter Garden Grove: Waterflow was measured on 
selected pioneer roots of blight trees in this grove, and 
later the trees were pushed out of the ground for addi- 
tional research studies. At the time the trees were re- 
moved, fibrous roots were collected for VAM analysis 
from parent pioneer roots with restricted waterflow 

TABLE 1.—CHARACTERISTICS OF CITRUS TREES AND GROVES IN THE STUDY OF MYCORRHIZAL INFECTION 
IN BLIGHT GROVES. 

    

‘Tree and grove characteristics 
  

    

Zinc in Nitrogen 
trunk Soil applied 

Grove location Scion/rootstock wood (ppm)*+ type kg/ha/year 

Babson Park Pineapple/Rough Lemon (R.L.) B 10 Astatula fine sand 145-202 
Bt 

Ft. Pierce Valencia/R.L. Bae Chobee muck and 201-224 
HiaeaS Riviera fine sand 

Clermont Valencia/R.L. Bele Astatula fine sand 268 
lat and clay pan 

Okahumpka Pineapple/R.L. Bal Apopka and 168-336 
; Eleeeel Vaucluse sand 

Winter Garden ‘A’ Valencia/R.L. Biel Astatula fine sand 336-448 
Ea 

Minneola Ruby Red Grapefruit/sour By &) Astatula fine sand 224 
Ela 

Winter Garden ‘B’ Valencia/R.L. B 48 Astatula fine sand 224-336 
H 15 

Apopka Valencia/R.L. 1 Aly Eustis fine sand 224 
ae 

  

+B = blight and H = healthy trees. Data are means of 4 trees except in the Ft. Pierce and Winter Garden ‘A’ groves where 5 tree 
replicates were used and in the Clermont grove where 3 tree replicates were tested. All healthy and diseased trees were sampled in close 
proximity to one another in each grove.
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and from those with no apparent restriction. Infection 
was also determined in roots from healthy trees. 

RESULTS 

Babson Park Grove: Adequate new growth of 
fibrous roots had occurred by late July. A preliminary 
sample of roots taken then and on August 18 (Table 
2) indicated that infection was too low for a reliable 
comparison between blight and healthy trees. Ade- 
quate infection was present in roots sampled on Oc- 
tober 17. No differences were present in percent in- 
fection, vesicles, and hyphae between healthy and 

diseased trees in either the nitrate or the nitrate- 
ammonium fertilized portions of the grove. 

Ft. Pierce Grove: Percentage infection, vesicles and 
hyphal development were all significantly lower in 
blight trees than in healthy trees on the Chobee muck. 
Only vesicle development was significantly less in 
blight trees on the Riviera fine sand (Table 3). 
Chlamydospores of Glomus mosseae (Nicol. & Gerd.) 
Gerd. & Trappe, G. fasciculatus (Thaxter) Gerd. & 
Trappe, azygospores of Gigaspora margarita Becker 
and Hall, and sporocarps of Sclerocystis sinuosa Gerd. 

& Bakshi were present in both soils of this grove. 
Clermont and Okahumpka Groves: In the Cler- 

mont grove (Table 4), VAM infection in healthy trees 

on clay or sand did not differ. However, compared to 
healthy trees on sand, vesicle and hyphal development 
in trees on clay was somewhat less, especially in trees 
with blight. No identifiable fungus structures were 
present in soil around roots. 

A high and nearly equal level of infection was pres- 
ent in healthy and blight trees at Okahumpka (Table 

TABLE 2.—VESICULAR-ARBUSCULAR MYCORRHIZAL INFECTION IN 

BLIGHT AND HEALTHY CITRUS TREES GROWN UNDER TWO PROGRAMS 
OF NITROGEN FERTILIZATION AT BABSON PARK. 

  

Date roots sampled, 

  

  

  

  

tree health, and Infection Fungus development 
nitrogen form? Tt Vesicles§ Hyphae§ 

August 18, 1978 

Blight — NO, 4.4.N.8. 0.05 N.S. 0.01 N.S. 

Healthy — NO, 6.6 0.06 0.01 

Blight — NO, + NH, 17.2" 0.18** 0.01 N.S. 
Healthy — NO, + NH, 5.2 0.04 0.01 

October 17, 1978 

Blight — NO, 95.0.N.S. 1.16 N.S. 2.26 N.S. 

Healthy — NO, 95.0 1.48 2.14 

Blight — NO, + NH, 95.0 N.S. 1.47 NS. 2.16 N.S. 

Healthy — NO, + NH, 94.0 1.42 2.08 

  

+Pineapple/rough lemon trees fertilized with either CaNO, 

as sole nitrogen source, or CaNO, and NH,NO, as nitrogen 

sources since May 1975. 
Percentage infection based on no. of 100, 1-cm-long fibrous 

root pieces infected per tree. Data are means of 5 trees per treat- 
ment. 

§ Vesicle and hyphal development in 100, 1-cm-long root pieces 
per tree. Vesicles and hyphae rated on a scale of 0-3. 0 = no in- 
fection, 1 = 1-50 vesicles or light hyphal formation, 2 = 51-100 
vesicles or moderate hyphal formation, and 3 = over 100 vesicles 
or heavy hyphal formation. 

*Indicates blight significantly different from healthy at P = 
0.05, and **indicates P = 0.01 using Dunnett’s test. N.S. indicates 

no significance. 

TABLE 3.—VESICULAR-ARBUSCULAR MYCORRHIZAL INFECTION IN 
BLIGHT AND HEALTHY CITRUS TREES GROWING ON TWO DIFFERENT 

ADJACENT SOIL TYPES. 

  

  

  

Tree health, Infection Fungus development 
and soil type oat Vesiclest Hyphaet 

Ft. Pierce Grove 

Blight 
(Riviera fine sand) 89.8 N.S. 0.20** 1.43 N.S. 

Healthy 
(Riviera fine sand) 96.0 0.66 2.08 

Blight (Chobee muck) 71.8* Ona 0.88** 
Healthy (Chobee muck) 94.0 0.64 1.70 
  

Percentage infection based on number of 100, 1-cm-long 
fibrous root pieces infected per tree. Data are means of 5 trees. 

£Vesicle and hyphal development rated as in Table 1. 
*Indicates blight significantly different from healthy at P = 

0.05 and **indicates significance at P = 0.01 using Dunnett’s 
test. N.S. indicates no significance. 

4). Vesicle and hyphal development in blight tree roots 
on shallow soil appeared to be as good as their develop- 
ment in healthy trees on deep sand. Chlamydospores of 
G. mosseae were present in soils of this grove. 

Winter Garden Grove A: Trees in this grove were 
examined for VAM in September 1977. Fibrous roots 
from pioneer roots with low or high waterflow did not 
contain different levels of infection (Table 5). A lower 
percentage of fibrous roots containing vesicles occurred 
in blight trees with high waterflow than in healthy 
trees with normal waterflow. G. macrocarpus Tul. & 
Tul. chlamydospores were found in soil of this grove. 

Minneola, Winter Garden B, and Apopka Groves: 
Infection differed between blight and healthy trees 
only in the Winter Garden B grove (Table 6). Vesicle 
development was significantly different between 
healthy and blight trees only in the Minneola and 
Apopka groves. Glomus macrocarpus, G. etunicatus 
Becker & Gerd., and G. margarita were found in the 
Minneola grove, but no identifiable spores were found 
in the other groves. 

TABLE 4.—VESICULAR-ARBUSCULAR MYCORRHIZAL INFECTION IN 
FIBROUS ROOTS OF BLIGHT AND HEALTHY CITRUS TREES GROWING IN 
A CLAY AREA AT CLERMONT AND IN SHALLOW SAND OVER CLAY AT 

  

  

  

OKAHUMPKA. 

Tree health, 
and soil type Infection Fungus development 

or depth to clay Art Vesiclest Hyphaet 

Clermont Grove 

Blight (clay) 
Healthy (clay) 67.0a 0.7la 0.724 
Healthy 84.6 a 1.00 ab 1.33 b 

(Astatula sand) 85.8 a 1.34b 1.56 b 

Okahumpka Grove 

Healthy, 10 feet 91.8 a 1.03 a 1.67a 
Healthy, 2 feet 99.6 a 1.54a 2.44b 
Blight, 2 feet 94.4a 1.28 a 1.93 a 
  

tPercentage infection based on number of 100, 1-cm-long 
fibrous root pieces infected per tree. Data are means of 5 trees. 

Vesicle and hyphal development rated as in Table 1. 
‘Treatments sharing the same small letter do not significantly 

differ (P = 0.05) from one another according to Duncan’s multiple 
range test.
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TABLE 5.—VESICULAR-ARBUSCULAR MYCORRHIZAL INFECTION IN 

FIBROUS ROOTS OF PIONEER ROOTS WITH VARYING LEVELS OF HY- 

DRAULIG CONDUCTIVITY ON BLIGHT AND HEALTHY TREES—WINTER 
GARDEN GROVE A. 

  

Percent 
  

Tree health and Fibrous roots 

  

waterflow in containing} 
pioneer roots Infection Vesicles Hyphae 

Blight (low hydraulic 73.0 a 55.0 ab 51.0a 
conductivity) 

Blight (high hydraulic 69.0 a 48.0 b 50.0a 
conductivity) 

Healthy (high hydraulic 72.0a 64.0a 36.0 a 
conductivity) 

  

+One hundred, 1-cm-long fibrous root pieces per tree ex- 
amined for total infection, vesicles, and hyphae. Data are means 
of 5 trees. 

Treatments sharing the same small letter do not significantly 
differ (P = 0.05) from one another according to Duncan’s 
multiple range test. 

DISCUSSION 

In this study, VAM infection in blight tree roots 

ranged from 67.0-99.2% (mean 83.7%), and in healthy 
tree roots from 72.0-99.6% (mean 90.4%), for a result 
of no real apparent difference. Often, however, where 
no significant difference was present for percent infec- 
tion, vesicle development was significantly less in 
blight tree roots. This suggests the possibility of a 
decline in formation of storage lipids used as a growth 
sink for the fungus or one for the plant’s photosyn- 
thates. In a similar unresolved decline disease of 
maples (16), integrity of VAM formation in roots de- 
clined as severity of the disease increased. 

Recently it has been reported (1, 8) that in green- 
house pot studies, over 100 ppm nitrogen fertilizer had 
a depressive effect on mycorrhizal development. Ap- 
plications of over 100 ppm nitrogen were common in 
the groves studied (Table 1). It is interesting to note 
that the Winter Garden A and B groves, which had the 
highest levels of applied nitrogen, also had only mod- 
erate levels of VAM infection. ‘The subject of potential 

TABLE 6.—VESICULAR-ARBUSCULAR MYCORRHIZAL INFECTION IN 
FIBROUS ROOTS OF BLIGHT AND HEALTHY CITRUS TREES IN THREE 

CENTRAL FLORIDA GROVES. 

  

  

  

  

Grove location Infection Fungus development 

and tree health atl Vesiclest Hyphaet 

Minneola 
Blight 99.2 N.S. OO ee 2.32 N.S 
Healthy 90.0 1.84 1.97 

Winter Garden B 
Blight eae 0.65 N.S. 0.44** 
Healthy 85.0 0.89 0.69 

Apopka 
Blight 94.6 N.S. PA 2.10 N.S. 
Healthy 97.4 2.57 PaoU) 

  

{Percentage infection based on number of 100, 1-cm-long 
fibrous root pieces infected per tree. Data are means of 5 trees. 

Vesicle and hyphal development rated as in Table 1. 
**Indicates blight significantly different from healthy at P = 

0.01 using Dunnett’s test. N.S. = no significance. 

fertilizer toxicity to mycorrhizae development deserves 
additional attention. 

Based on greenhouse studies, where effective nutri- 
ent uptake was associated with usually over 90% in- 
fection and vesicle and hyphal ratings of 1.5 (unpub- 
lished data), similar ratings from field trees suggest that 
in most groves effective levels of infection were present. 
However, even though no statistically significant dif 
ferences occurred in VAM infection of blight and non- 
blight trees, differences more subtle are apparently 
present. The causative factor or factors in blight, al- 
though not yet determined, eventually reduce the 
fibrous root mass on diseased trees (12). This reduction 
in root capacity is a direct reduction in the effective 
complement of mycorrhizae. Thus, blight trees have a 
reduced root absorptive potential. 

The lack of viable identifiable spores in some of the 
groves is a feature often encountered in citrus soils. 
Generally, spore formation occurs as roots become 
senescent. More spores are usually found around citrus 
roots during the fall and early winter (9). 

LITERATURE CITED 

1. Bledsoe, C. S., M. O’Shea, and N. Nadkarni. 1979. Effects of 

ammonium or nitrate fertilization on the nutrition of my- 
corrhizal Douglas-Fir seedlings. 4th North Amer. Conf. on 
Mycorrhiza. Fort Collins, CO. June 24-28 (Abstr.) 

. Cohen, M. 1974. Diagnosis of young tree decline and sandhill 
decline of citrus by measurement of water uptake using 
gravity injection. Plant Dis. Reptr. 58:801-805. 

8. Cohen, M. 1979. Non-random distribution of trees with citrus 
blight in certain locations. Proc. 8th Intern. Organization of 
Citrus Virol., Australia. May 13-31. 

4. Feldman, A. W., R. W. Hanks, G. E. Good, and G. E. Brown. 
1977. Occurrence of a bacterium in YTD-affected as well as 
in some apparently healthy citrus trees. Plant Dis. Reptr. 61: 
546-550. 

. Garnsey, S. M., and R. H. Young. 1975. Water flow rates and 
starch reserves in roots from citrus trees affected with blight 
and tristeza. Proc. Fla. State Hort. Soc. 88:79-84. 

6. Gerdemann, J. W. 1975. Vesicular-arbuscular mycorrhizae. 
pp. 575-591. In: The Development and function of roots. J. G. 
Torrey and D. T. Clarkson (Editors). Academic Press, 
London. 

7. Hopkins, D. L., W. C. Adlerz, and F. W. Bistline. 1978. 

Pierce’s disease bacteria occurs in citrus trees affected with 
blight (young tree decline). Plant Dis. Reptr. 62:442-445. 

8. Menge, J. A., C. K. Labanauskas, E. L. V. Johnson, and 

D. Siebert. 1979. Problems with the utilization of mycorrhizal 
fungi in the production of containerized citrus in the nursery 
or greenhouse. 4th North Amer. Conf. on Mycorrhiza. Fort 
Collins, CO. June 24-28 (Abstr.) 

9. Menge, J. A., S. Nemec, R. M. Davis, and V. Minassian. 1977. 
Mycorrhizal fungi associated with citrus and their possible 
interactions with pathogens. Proc. Int. Soc. Citriculture 3: 
872-876. 

10. Nemec, S., R. Constant, and M. Patterson. 1975. Distribution 
of obstructions to water movement in citrus with and with- 
out blight. Proc. Fla. State Hort. Soc. 88:70-75. 

11. Nemec, S., A. N. Fox, and G. Horvath. 1976. The relation of 
subsurface hardpan to blight of citrus and development of 
root systems. Proc. Soil and Crop Sci. Soc. of Fla. 36:141-144. 

12. Nemec, S., H. GC. Burnett, and M. Patterson. 1977. Observa- 
tions on a citrus fibrous root rot involving Fusarium solani 
in blight-diseased groves. Proc. Soil and Crop Sci. Soc. of Fla. 
37:43-47. 

13. Phillips, J. M., and D. S$. Hayman. 1970. Improved procedures 
for clearing roots and staining parasitic and_vesicular- 
arbuscular mycorrhizal fungi for rapid assessment for infec- 
tion. Trans. Brit. Mycol. Soc. 55:158-163. 

14. Rhoads, A. S. 1936. Blight—a nonparasitic disease of citrus 
trees. Fla. Agr. Exp. Sta. Bull. 296, 64 pp. 

15. Safir, G. R., J. S. Boyer, and J. W. Gerdemann. 1971. Mycor- 
rhizal enhancement of water transport in soybean. Science, 
Wash. 172:581-583. 

16. Spitko, R. A., R. A. Rohde, and T. A. Tattar. 1977. Incidence 

nN
 

o
r



PROCEEDINGS, VOLUME 39, 1980 145 

and condition of VA mycorrhizae infections in sugar maple 
roots in relation to maple decline. Proc. Amer. Phytopath. 
Soc, 4:198. (Abstr.). 

17. Wutscher, H. K., M. Cohen, and R. H. Young. 1977. Zinc and 
water-soluble phenolic levels in the wood for the diagnosis of 
citrus blight. Plant Dis. Reptr. 61:572-576. 

Aeschynomene spp.: Distribution and Potential Use’ 
ALBERT E. KRETSCHMER, JR., AND ROBERT C. BULLOCK? 

ABSTRACT 

‘The objectives of the work were to bring together 
in a checklist form the known names and short char- 
acterizations of the world’s species of Aeschynomene 
L. and to discuss preliminary agronomic evaluation of 
21 species grown at the ARC-Ft. Pierce. 

Information obtained from the publications of 
Aeschynomene flora and studies at two herbariums 
were used to compile the checklist. Initial flowering 
dates, growth habits, insect and disease damage, and 

short-term persistence were used in initial evaluation 
presentations. 

Presently there are 152 named and 8 unnamed spe- 
cies of Aeschynomene. Sixty-one are believed perennial. 
‘There were 21, 38, 21, and 9 different species found 

that grow to maximum reported altitudes of 1000 to 
1500, 1500 to 2000, 2000 to 2500, and above 2500 
meters, respectively. Only four species growing above 
1000 meters are classified as annuals and six are classi- 
fied as annual-perennial. 

The Florida commercial type was inferior to many 
other A. americana L. accessions and other species on 
the basis used for evaluation. Aside from the better 
A. americana species evaluated, additional evaluations 

should be focused on A. denticulata Rudd, A. elegans 
Schl. & Cham., A. evenia C. Wright, A. fluitans Peter, 

A. paniculata Willd. ex Vog., and A. villosa Poir. 
Additional Index Words: Checklist, Herbarium, 

‘Tropical legumes, Evaluation. 

  

Aeschynomene’s name was derived from the Greek 
word meaning to be bashful or ashamed. It probably 
was used by the Greeks as a generic term for sensitive 
plants, particularly for those in genera Acacia, Mimosa, 

and Cassia (20). In the 17th and 18th centuries, writers 
prior to Linnaeus sometimes used Aeschynomene inter- 
changeably with Mimosa. Linnaeus in 1753 validated 
the generic name Aeschynomene (20). 

This principally tropical genus, Aeschynomene, is 
in the tribe Aeschynomeneae’. It is primarily a tropical 
genus with a distribution of native American species 
growing from about 40° N to 35 S along the Atlantic 
coast and from 28 N to 17 S on the Pacific coast. ‘The 
old world distribution occurs principally in Africa 

1Contribution from the Agricultural Research Centers,Uni- 
versity of Florida, Institute of Food and Agricultural Sciences, 
Florida Agricultural Experiment Stations Journal Series No. 
2298. 

2Professor of Agronomy and Associate Professor of Entomol- 
ogy, Agricultural Research Center, P. O. Box 248, Ft. Pierce, Fl., 
33450. 

3Personal communication from Dr. Roger M. Polhill, Royal 
Botanic Gardens, Kew, Richmond, Surrey, England. 

(most species diversity), with a few species occurring 
in southeast Asia and the Pacific Islands. 

Presently there are about 160 species, with about 
half xeric and the rest hydrophytes. General morphol- 
ogy ranges from herbs of several centimeters height, to 
erect or prostrate subshrubs and shrubs, and tree-like 

plants up to eight meters high. None of the species is 
known to be toxic to cattle although seeds and pods of 
A. sensitiva Sw. contain small quantities of rotonone 
(16, 18). At least one (A. elaphroxylon) has very sharp 
spines that would eliminate it from consideration as 
forage. 

The University of Florida herbarium includes 
Florida specimens of A. americana L., A. falcata (Poir.) 
DC., A. indica Linn., A. pratensis Small, A. histrix 
Poir., and A. viscidula Micheli. All except A. falcata 
can be considered native to Florida. There is evidence 
that A. falcata was introduced in the 1920’s. Only two 
A. histrix specimens have been collected (1885 and 
1976 in the Pensacola area) in Florida. A. viscidula is 
widely distributed on turkey oak ridges and other well 
drained areas in central and north Florida, and A. 
indica and A. americana are found in areas of imper- 
fectly drained soils throughout the State. A. pratensis 
has been found only in the Miami and Everglades area. 

Aeschynomene spp. were thought to be of little 
agronomic value (4, 20) until recently and little in- 

formation is available on their use as forage. Paul (17) 
discusses A. americana, the “thornless mimosa” that 

thrives in Ceylon on uncultivated and waste lands, and 
compares it nutritionally with alfalfa as a hay crop. In 
1973, Australia released ‘Bargoo’ joint vetch, an A. 
falcata ecotype, collected in Paraguay in 1948 (12). 
Bermudez Garcia (3) mentions Aeschynomene as a 
possible forage in Colombia. The most successful use 
of an Aeschynomene spp. has been in Florida where the 
annual American jointvetch (A. americana L.) has 
been used as a grazing forage in mixtures with perma- 
nent pasture grasses. Hodges and McCaleb (14) and 
Hodges (13) described the use and characteristics of 
jointvetch in south Florida. Effects of temperature (11), 
scarification (19), planting depths, and planting meth- 
ods (10) on germination have been studied; a survey 
of insects was made (8) and a bibliography of diseases 
also has been published (25). 

The objective of this presentation is to make avail- 
able to forage agronomists a complete list of the known 
Aeschynomene spp. with their characteristics and the 
major references for further study. ‘To implement this 
objective a checklist of the world’s species has been 
made, and a preliminary agronomic evaluation at the 
ARC-Ft. Pierce of about 160 accessions, representing 
21 species, is discussed. ‘These represented the total 
readily available world germplasm in 1978.
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MATERIALS AND METHODS 

The major recent publications concerning the flora 
of Aeschynomene (Table 2 references, and 1, 6, 27) 
were reviewed. The senior author also studied the 
Royal Botanic Gardens and University of Florida 
herbarium specimens to assure the most complete cur- 
rent list of known Aeschynomene spp. 

Seeds of introductions on hand at the ARC-Ft. 
Pierce plus seeds of all available accessions from 
CSIRO, Australia, and CIAT, Colombia, were trans- 
planted in 1978 in rows 1.5 m long. Data were obtained 
on general vigor, growth habit (2 Oct. 1978), initial 

flowering day (weekly basis with day number begin- 
ning with 1 January), and insect damage (13 Oct. 
1978). During the insect damage survey, every plant in 
a plot was searched for signs of lepidoptera stem bor- 
ing, defoliation, and leaf binding. A numerical rating 

of 1 (0-10), 3 (40-60), and 5 (90-100%) was used to 
record the incidence of damage of the plants surveyed. 
Information was obtained on plant survival on 17 
April 1978 and on 14 Feb. 1980. 

RESULTS AND DISCUSSION 

CHECKLIST AND BRIEF DESCRIPTION 

In Table 1 are listed the sections and series of 
Aeschynomene as presented by Rudd (20). The num- 
bers of species, major distribution, and brief descrip- 
tion are provided. 

In Table 2 is an alphabetical checklist of all known 
viable species’ names, together with their distribution, 
growth habits, descriptions, and maximum altitudes. 
Their characterization was difficult to determine since 
many have been seen only as herbarium specimens. 
Undoubtedly, future changes will be made in the de- 
scriptive values listed, and the unknown values will be 
obtained eventually as further collections are made. 
For south Florida, interest is in those species that are 
truly perennial and are adapted to marshes and flood- 
ing. Plants found at high altitudes that have the fore- 
going attributes may have more cold tolerance and 
would be especially interesting to evaluate. Of the 160 
species listed in Table 2, 83 are noted as perennial if 
frosts or other extreme environmental conditions do 

not interfere with their normal growth habit. It is 
suspected that species described as shrubs also are 
perennials, but without a positive statement this de- 

scriptor has been left blank. The highest altitude, 2800 
meters, was recorded for a specimen of A. americana. 

‘There were 21, 38, 21, and 9 different species found at 
altitudes from 1000 to 1500, 1500 to 2000, 2000 to 2500, 
and above 2500 meters, respectively. Data were avail- 
able for maximum altitude and perenniation for 67 
species. Only four species found growing above 1000 
meters are classified as annuals, and six species both 
as annuals and perennials. 

EVALUATION AT THE ARC-FT. PIERCE 

Aeschynomene americana 

Because of the large number of A. americana intro- 
ductions it was desireable to know the extent of varia- 
tion within the species (Table 3). Since day 245 occurs 
about on 1 September, the short-day flowering mecha- 
nism associated with initiation of flowering of the 
south Florida commercial cultivar (which flowered on 
11 September) is typical of that of most of the ac- 
cessions. Eighty eight percent of the accessions had 
flowering dates after about 1 October. Included were 
all accessions from Asia (3 accessions), Bolivia (3), 
Guatemala (3), Nicaragua (3), Panama (17), El 
Salvador (1), and Venezuela (13) (data not shown). A 
single accession from Argentina initiated flowering 
prior to day 234 (21 August). Since in the spring lack 
of soil moisture and cool weather prevent germination 
and particularly rapid seedling growth of the Florida 
type, the use of a substitute annual type for more pro- 
duction during the growing season could most easily 
be obtained by selecting later flowering types that still 
would produce maximum seed before 1 December. 
Initial flowering by 15 October (day 289) would prob- 
ably achieve this. Tall plants of this species become 
very woody and of poor forage quality as they mature. 
Selection for shorter plants may have the advantage 
of higher quality at the expense of the higher yields of 
the Florida type. Forty-two introductions were shorter 
on 2 October than the Florida type (107 cm). All ac- 
cessions from Argentina (1), Bolivia (3), and Honduras 

‘TABLE 1.—LisT OF SECTIONS AND SERIES, MAJOR DISTRIBUTION, AND BRIEF DESCRIPTION OF AMERICAN 
Aeschynomene spp. 

  

Major Distribution Brief Description 
  

No. of 
Sections and Series Species 

Section: Aeschynomene (A. aspera is the genus 
and section type plant) 
Series 1. Americanae 4 
Series 2. Fluminensis 2 

Series 3. Montevidensis 8 
Series 4. Sensitiva 4 
Series 5. Indicae ll 

Section: Ochopodium (A. falcata is the section 
type plant) 
Series 6. Viscidulae 12 

Series 7. Pleuronerviae 15 

Series 8. Scopariae 18 

  

Mexico 
Caribbean, east and central 
South America 
Eastern Brazil to Buenos Aires 
Guatemala to South Brazil 
widespread from latitudinal 
extremes 

Mexico, eastern South America 
to Argentina 

mostly amphibious 

wet soil areas 
Erect herbs or shrubs, swampy areas 
erect herbs, wet soil areas 
erect herbs, tidal and other marshes 
and wet areas 

mesophytes, prostrate to suberect 
herbaceous or suffrutiscent 
perennials 

California, Caribbean and 
Brazil highlands 
California, Mexico to Highlands 
of Peru, Brazil and Guiana 

shrubby mesic to subxeric 

shrubby mesic to subxeric
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TABLE 2.—NAMES, DISTRIBUTION, AND GENERAL GROWTH HABITS AND HABITATS OF THE WORLD’S 

Aeschynomene spp. 
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abyssinica (A. Rich) Vatke 34K (29) Xa KGB X AEX: 
acapulcensis Rose 25R(21) x 
acutangula Welw. ex Bak. 42A(26) x 
afraspera J. Léonard 13W(5) eKSEEK SEX XK 
americana Linn. IR x XGA XEN NOES 
amorphoides (S. Wats.) Rose 

ex Robins. 50R x 
angolensis Rossberg 44A (26) x 
aphylla H. Wild 52A x 
aspera L. A Kae 
batekensis Trochain & Koechlin A x 
baumii Harms 12E(29) XP POXLX 
bella Harms 10E x 
benguellensis Torre (26) x 
bracteosa Bak. 14E (26) Kane XGEEXS 
bradei Rudd (21) x 
brasiliana (Poir.) DC. 26R(7,21) EXE XSe aE KS 
brevifolia L. ex Poir. (21) ne 3 
brevipes Benth. 42R x 
bullocki J. Léonard 20E XX. 
burttii Bak. 33E x 
chimanimaniensis Verdc. (8,29) xd 
ciliata Vog. 20R xx XX 
compacta Rose 47R x 
crassicaulis Harms 10W(2) xanxs 
cristata Vatke 8E(26) KSE KG aE Xap SAK 
deamii Robins. & Bartl. 13R x 
debilis Welw. ex Bak. 25A(26) ss 
deightonii Hepper 19W x 
denticulata Rudd 22R SEK 
dimidiata Welw. ex Bak. 64A (26) x x 
echinus Vog. 27R me OS 
egena (Macbr.) Rudd 60R x 
elaphroxylon (Guill. & Perr.) 

Taub. 5E(26) EXGEXaEXGE GE XGEKG 
elegans Schl. & Cham. 29R(21) XE Xa XK 
evenia C. Wright 17R Kaa KSEE 
falcata (Poir.) DC. 30R(21) Se oS 
fascicularis Schl. & Cham. 36R x x 
filosa Mart. ex Benth. 7R Ea XaeKanX 
fluitans Peter 4E (26) SKIN KGB XSEEXG 
fluminensis Vell. 6R oO 5K 
foliolosa Rudd 32R SIX 
fulgida Welv. ex Bak. 29K (26) XE XSE KS 
gazensis E. G. Baker 53A(29) x 
genistoides (Taubert) Rudd R(23) 5 
glabrescens Welw. ex Bak. 63A (26) x x 
glauca R. E. Fries 24k Kee ueksX 
goetzei Harms 54A x 
gracilipis Taub. 11E Kae SX 
gracilis Vog. (21) 5% 
grandistipulata Harms 15A(29) x 
guatemalensis (Standl. & Steyerm.) 

Rudd 3R x 
heurckeana Bak. 22K Xe Xa KX 
hintonii Sandw. 5dR x 
histrix Poir. 28R(21) Ka XAE XIE XAG 
indica Linn. 3E,16R ECGS GR GRE XGHEX GENRE GE NUE GN XX SERGE XG 
interrupta Benth. 61R x 
inyangensis H. Wild 55A(29) x 
katangensis De Wild. A(29) x x 
kerstingii Harms 5W x 

  

vo 

3 3 
S 5 5 

Oras 2 é 
og om 7 = 5 
ro A s ga 546 > » a= “4 oO go 5 q 8 aS 
so q S&S x Ss 

Ay o ey x ae 

Peer HSsS GED 2550 
P 12 —_ — = 
a — H — — 

A E H,SS W.M 1050 
Caer HSS M,Sv 2800 

Pans gqirge ip) 1000 
omen ss = = 
PEanse ss e 1800 

pa H 5 as 
PER HISSS  G,Sv 1900 

oe et s Sv 2500 
RS oR: ss uy 1700 

P SpE $s MF,D 1900 
Poa $s i 1200 
D wate H M,D aes 
P PSE = _ = 
Pee HSF M S 

jose HSS G 1500 
tary epee S F 2040 

i Gp 8S D 1500 
SiO oR = M = 
SA aT s D 1650 

tes = H W — 

SE ERS We 1080 
Re ehinea ys a M = 

Pee H Sv 2000 
at — H —_ — 

Dp HSF M 1200 
aieeneeae s G,Sv 1800 
th P,SE ae Sv oe 
ae Rater s = 1200 

Pe S.C W.M 1350 
i ae GD 2500 
Par ss M = 

ACP me H Sv,G 1800 
Pee s F 2950 

= — a M —_ 

Pee H M,W 1500 
(ton get | M 300 

P PSE SE Sv 270 
Soe an SS,S M 1800 

Pp oC S D 1250 
Pa H,SF GD 1200 
DIR ss G,Sv 1350 

1a OSE Ss F 1590 
Sei ae S —_ — 

aah a ss G 2000 
DEP ISE: ae ae a 

es s D 2100 

detain S F 1800 
P  TrSp,E_ 8S M,G,F 2200 

2 Se SE is FD 400 
P PSE H Sv,D,F 1400 

SPE) Ss M,G 1530 
eS E ST M ane 

P SE Ss G 2520 
m  iojr SS GF 1500 

= eS HS as Ne 

 



148 Som. AND Crop SCIENCE SOCIETY OF FLORIDA 

TABLE 2.—(Continued) 
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langlassei Micheli ex Rudd 56R x -- E S _— 1200 
latericola Verdc. A(29) x Ip Ip H = 1350 
lateritia Harms 7W (26) PX di XX A al H M,Sv ad 
laxiflora Boj. ex Bak. PC x i as = = 1700 
leptophylla Harms 42K(26) XE ROXOX! => E,R SS,S G,F,Sv 2400 
leptostachya Benth. 41R x rR = H,SF — = 
magna Rudd 23R x Ip E H,SF — = 
marginata Benth. 38R x Pe E SF F,D a 
martii Benth. 63R x -- E S = = 
maximistipulata Torre (26) x cian cad SS M 1200 
mediocris Verdc. A(29) xs A E _— M,G 1260 
megalophylla Harms 18A(29) x Ip E S,T F,D 2310 
micrantha DC. (29) Xap ie ey H G,F,D 150 
mimosifolia Vatke. 30E(26) Pau Saxe -- P,Sp,E SS G,F 2430 
minutiflora Taub. 16E(29) Xa A E H F,D 1830 
mollicula H.B.K. 67R x iP E S,SF — 1800 
montevidensis Vog. 10R Xa == ae S M as 
mossambicensis Verdc. A(28) x rN Sp H D = 
mossoensis J. Léonard 37E Xp 5X -- E SS G,F 1650 
multicaulis Harms 36E (29) Xe XX! iP E SS G,F,D 1500 
nana Glaziou ex Rudd R(22) x Ps SE H,SF — a 
neglecta Hepper 8W x A = H = am 
nematopoda Harms 19K (29) x X A Tr H F 400 
nicaraguensis (Oerst.) Stand]. 57R(24) x -- E S,T F 1700 
nivea Brandeg. 46R x ae E S D 600 
nilotica Taub. 75 (29) SGA XGEXGIEX P Py H,SS W,M 1350 
nodulosa (J. G. Baker) 

E. G. Baker 19A (29) x iP — S G,F,D 1000 
nyassana ‘Taub. 43E(29) Kip KEK iB E SS,S G,Sv 2100 
nyikensis Bak. 31E(29) EXaEXG Pe E S G,Sv 2240 
oligophylla Harms 25E(29) SKK P E SS GF 2400 
ormocarpoides Rudd R(24) x = E S = am 
oroboides Benth. 35R xe iP SE H,SF G 2250 
palmeri Rose 54R x -- E S = ad 
paniculata Willd. ex Vog. 40R SR OR re E SF Sv,F,D 1500 
paraguayensis Rudd 9R x == SE S Sa aa 
pararubrofarinacea J. Léonard 32A (29) x x ie E Sale F,D 2000 
parviflora Micheli 5R(A4) Kae -- —_ — M 400 
paucifolia Vog. 49R x Pe SE SF G a 
paucifoliolata Micheli 5IR x -—- E Ss F,D 200 
petraea Robins 59R x Py E S,SF F,D 1800 
pfundii Taub. 9E Sexanxs -- — SS W,M 1590 
pinetorum Brandeg. 43R x P SE SF _— 450 
pleuronervia DC. 48R x rp SE SF — 1500 
pluriarticulata G. Don 18R x le E SS M = 
podocarpa Vog. 33R x P P,SE SF = a 
portoricensis Urb. 31R(3) Sax P iP —_— = om 
pratensis Small 11R SEN XX: iP E H,SF M —_— 
pseudoglabarescens Verdc. A(29) x re PE HSS F 1200 
pulchella Planch. ex Bak. 6W x -- — _— as —_ 
purpusii Brandeg. 44R (3) xox Se SE S —_ a 
pygmaea Welw. ex Bak. 39A(26) x x By E,R H,SS G,F 1600 
racemosa Vog. 37R x P E SF — 
rehmannii Schinz 17A Oe =S = as aa sie. 
rhodesica Harms 34A(29) x y Pp. H G 2250 
riedeliana Taub. 64R x a= SE S D 1250 
rosei Morton 53R x == SE S D Sa 
rostrata Benth. 8R x x P —_ SF Sv,W 1000 
rubrofarinacea (Taub.) F. White 445 (29) Sax Pp E S G,F,D 2250 
rubroviolacea J. Léonard 37A x -- — — _— — 
rudis Benth. 19R Xo Oe Ke KX: A E $sS,T M,Sv 1800 
ruspoliana Taub. ex Harms 57A x -- — aos —_ ae) 
sansibarica ‘Taub. 17E x A E H _ — 
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TABLE 2.—(Continued) 
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scabra G. Don 21R SR SK -- E SS,T M 1300 
schimperi Hochst, ex A. Rich. 6E(5) SRE Xa KS XSAN. Py E SS. WM 2600 
schliebenii Harms 32K (29) xa XS -- E S F,D 2200 
scoparia H.B.K. 66R. aX -- E S — 2600 
selloi Vog. 12R Xs Pe E S M — 
semilunaris Hutch. 20A (29) x ie SE S F,D 2150 
sensitiva Sw. 2E,14R(4,5) x an XG XK aE ENGX! AP E H,SS M 1550 
siifolia Welw. ex Bak. 62A(26) PK -- _ H M _— 
simulans Rose 58R x P SS SF — — 
solitariiflora J. Léonard 13E(29) XS NGS P E ASS G,D 2340 
sparsiflora Bak. 265 (29) x xX P SE,Sp SS iE 2100 
standleyi A. Molina 45R x = E S Syv,D 900 
stipitata Burtt Davy 21A x -- —_ — —_ —_— 
stipulosa Verdc. A(29) x 1p P H EF 1350 
stolzii Harms 235(29) x -- Sp,P H,SS G,F 2700 
tambacoundensis Berhaut 12W(5) x A = H M = 
tenuirama Welw. ex Bak. A(26) (29) a XGEXG iE E,R SS F,Sv 2400 
tenuis Griseb. 39R Pd ip SE H Sv,D — 
trigonocarpa Taub. ex Bak. 38E(29) axe -- SE H,SS F,D 1740 

tumbezensis Macbr. 62R x -- E S a 2000 
uniflora E. Mey 1E (5,26) GEEK ERX EXE Xs AP E SS W,M 1650 
unijuga (M. E. Jones) Rudd 2R x ald PE — F 1800 
upembensis J. Léonard 838A x -- _ _ _— 
venulosa Verdc. 21E(29) xe OK ip SE,Sp H,SS F,D 1650 
vigil Brandegee 52R x == E S D 150 
villosa Poir. 4R SRR SR -- P,SE _— M,F,D 2250 
virginica (L.) B.S.P. 15R x x A E _ M = 
viscidula Michx. 24R(21) XG XA KE XGBX: P P,SE H,SF F,D 1800 
vogelii Rudd R(21) x P P,SE _ _— 1200 
warmingii Micheli 34R(21) x P P _ — 900 
weberbaueri Ulbr. 65R x -- — 5 — _ 
sp. A 15E x -- E H G,Sv 1800 
sp. B 18E x A Sp H _ — 
sp. C 27E 8 P E H G = 
sp. D 28E x iB yl; H M 1650 
sp. E 35E x -- SE,Sp H G 1800 
sp. F 39E(29) XaEX iP E H,SS G 2790 
sp. G 40E. x eer H G 1950 
sp. H 41E x -- E H —_ 1500 
  

+References can be found as follows: E=Flora of Tropical East Africa (9) with preceding numbers indicating species descriptive 
number as found in the publication. W =Flora of West Tropical Africa (15) with preceeding numbers indicating species descriptive 
number as found in the publication. R=Rudd’s American species of Aeschynomene (20) with preceeding numbers indicating her species 
descriptive number. () = Numbers in parenthesis refer to the literature cited section. A=Specimens were observed by the senior author 
at the Royal Botanic Gardens Herbarium, Kew, Richmond, Surrey, England in 1978. Numbers preceeding A are those used in the 
herbarium checklist of legitimate spp. and herbarium specimens may not have been seen by the author. Additional references were used 
to help in defining distribution (3, 4, 11, 28). PC = Mr. Maurice A. G. Peltier, botanist of the Laboratoire de Phanerogramie 16, Rue, 
Buffon Paris. 

tAreas numbered according to the Royal Botanic Gardens Herbarium. 4=China-Japan; 5=Tropical India; 6 =Malasia, including 
S. Burma, Cambodia, Laos, Thailand, Viet Nam, Indonesia; 7=Australia; 10A=Dohomey, Ghana, Guinea, Ivory Coast, Liberia, S. 
Mauritania, Niger, Nigeria, Senegal, Sierra Leone, Togo; 10B=Cameroon, Central African Republic, Chad, Congo, Gabon, S. Mali, 
Zaire; 10C=Ethiopia, Somali Republic, Sudan; 10D=Kenya, Tanzania, Uganda; 10E=Angola, N. Bechuanaland, Malawi, Mozambique, 
Rhodesia, Zambia, tropical S. Africa; 11= Madagascar; 13= United States; 14=Central America including Mexico and Panama; 15=West 
Indies; 16=Brazil, British Guiana, French Guiana, Paraguay, Surinam; 17=Bolivia, Colombia, Ecuador, Peru, Venezuela; 18=N. Argen- 
tina, N. Chile. 

§A=annual; P=perennial. 
{E=erect; SE=suberect; Tr=trailing; Sp=spreading; P =prostrate; R=rhizomatous. 
#H=herbaceous; SS=subshrub, shrubby herb; SF=suffruticose; S = shrub; T = treelike. 
}+}W=water; M=marshy, wet places; G=grassland; Sv=savannah; F=forest, thickets, woods; D= well-drained, dry, rocky.
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TABLE 3.—NUMBER OF Aeschynomene americana ACCESSIONS FIT- 
TING INTO VARIOUS DESCRIPTOR GROUPS. 

Descriptor No. of Accessions{ 

  

Flowering date:} 
less than 234 1 
234-245 2 
246-275 13++ 
276-306 55 
more than 306 27 

Height on 2 Oct. 1978, cm 
less than 50 5 
50-75 16 
76-100 16 
101-125 204+ 
126-150 21 
151-175 14 
more than 175 6 

Branching charactert 

2 October 
1 13 
2 70 
3 14} 
4 1 

Defoliation§ 
Rating 

1 41 
2 50 

3 Git 
4 0 
5 1 

Leaf Binding+ 
Rating 

1 2 
2 51 
3 407+ 
4 5 
5 0 
  

{Days from 31 Dec. 1977 to when first flower appeared; ob- 
served weekly. 

$1=branching at soil surface and branches lying on soil sur- 
face; 2=same as “1” but branches ascending; 3=lowest branches 
from 5 to 20 cm above soil surface; 4=lowest branches above 20 
cm from soil surface. 

§Leaf feeding by Selenis monotropa Grote larvae, 1=0-10% 
leaves damaged, 3=40-60%, 5=90-100%. 

#Leaf binding caused by microlepidopteran, 1=0-10% leaves 
affected, 3=40-60% binding, 5=90-100%. 

[Number of accessions observed in each category out of total 
of 98. 

{Florida commercial A. americana included in group. 

(2) were shorter; and 5 of 6 from Belize, 2 of 3 from 
Guatemala, and 12 of 17 from Panama were shorter 
(data not shown). Only 7 of 28 (Colombia), 0 of 13 
(Venezuela), 0 of 3 (Nicaragua), and 1 of 4 (Mexico) 
were shorter. Collections from the Caribbean side of 
Central America generally are shorter than others in 
northern South America and Mexico. 

Most of the accessions had crown areas lower than 
the Florida type, which helps plant survival under in- 
tense grazing. 

Adventitious rooting along lower stems is beneficial 
for increased N fixation but probably would not occur 
in “tight” grass sods. Thirty-three of the 88 introduc- 
tions, not including the Florida type, exhibited this 
attribute. 

Looper (Selenis monotropa Grote) leaf feeding 
generally was estimated to be less than 40%, although 
the commercial Florida type was more severely affected 
(40-60%) than most. The Argentina, Guatemala, Nic- 
aragua, and Honduras accessions had less than 10% 

leaf damage. This insect also bores holes in stems. Al- 
though nine A. americana accessions showed stem- 
boring damage, generally this species was more re- 
sistant than some of the other species. 

Microlepidopteran leaf binding was severe in five 
accessions, moderate for the Florida type, and rated 
between 20 and 60% for all but seven accessions. Al- 
though all four El Salvador accessions were given a 
60-90% damage rating, there was little other evidence 
of a relationship between extent of damage and area 
of collection. 

There is a good indication that some of the acces- 
sions are at least biennials, since they survived through 
the winter of 1978-79. Forty-four of the 98 accessions 
were flowering on 6 April and 21 accessions had pro- 
duced mature seeds in the spring and were surviving 
on 28 June 1979. At this time, however, general vigor 
of the surviving plants was poor. Because of the large 
numbers of volunteer A. americana plants germinating 
in the original accession rows, it was not possible to 
follow the survivors through the summer. In February 
1980, however, plants of one short-growing accession, 
collected by the senior author in Honduras, were still 

present. The perennial nature of this and possibly 
other A. americana introductions should be studied 
further and their other attributes should be compared 
with the annual Florida commercial type. 

Species Other Than A. americana 

‘Twenty species other than A. americana were rep- 
resented by one or more accessions. Intial flowering 
and other attributes (rated on 2 Oct. 1978), are pre- 
sented in Table 4. Predominately early flowering spe- 
cies (day-length insensitive or long-day types) included 
A. denticulata Rudd, A. indica, A. pratensis, and A. 
rudis Benth. Most accessions began flowering between 
about 1 September and 1 November. Short-day plants 
included A. elegans Schl. & Cham., A. falcata, A. 
fasicularia Schlecht. & Cham., A. fluitans Peter, A. 
histrix, and A. villosa Poir. Except for expected lower 
productivity, A. falcata, A. fluitans, A. elegans, and 
particularly A. villosa accessions appeared to have the 
agronomic attribute to withstand intense grazing. 

Leaves of the tall-growing species, represented by 
A. evenia C. Wright, A. pratensis, A. scabra G. Don, 
and A. sensitiva, were severely damaged by “loopers’’ 
and stem boring holes were found in most accessions 
of these species. All had low leaf binding damage be- 
cause only a few leaves remained after the “looper” 
attacks. The species A. paniculata Willd. ex Vog., with 
moderately tall plants, was only slightly damaged by 
insects. 

Short-term perenniality was determined by obsery- 
ing plants that were alive on 17 April 1979 and 14 Feb. 
1980. Data for 1979 (Table 4) indicate that several 
species lived through the winter and some were pro- 
ducing seeds in April. Of those species listed in Table 
4, one A. brasiliana (Poir.) DC., three A. denticulata, 
two A. elegans, two A. evenia, one A. falcata, one A. 
pratensis, five A. sensitiva, and two A. villosa accessions 
were still alive in 1980. In addition, there were four 
A. paniculata accessions that were thought to be dead 
in 1979 that were living in 1980. At this time it appears 
that the following species should be evaluated further: 
A. denticulata, A. evenia, A. elegans, A. fluitans, A. 
paniculata, and A. villosa.



TABLE 4.—NumMBrErs OF Aeschynomene ACCESSIONS FITTING INTO VARIOUS DESCRIPTOR CATEGORIES. 

  

Initial Flowering 
Insect Damage Rating 
  

  

    

4 Da Height (cm a Leaf + 
g 8 vw ght (ca) z Binding oe 
oC is . v 
og © 29 SS Leaf Rating 5B 

<3 oe oe 2 eR See Growth Branching a8 Feeding Leaf a Plant 
gs Dune Oe Caer ree img Oo ae gaealy 5 Habitt Habit§ 28 Caterpillar# Binder}} 5 Status§ § 

Species Be ZRean q HE Cau fra en te AO 1S ae Fs ard cc ome es es ORES a 17 April 

americana 98 erie Seno] 1 Ole | Gee Oe? Teel ta - 4 94 1} 7) EL 36 zal Ei) 9 Sl ee la 0) 9 — 
afraspera 1 =a oe See Gs = == - - il = 1 0 Seeders Salant - aa 
brasiliana 21 2a eee a, AS ero ete —- 4 17 epee Se 0 2 re 0 5-1(2) 

ciliata 1 SSS aes pm fee Tech eae eee ee a eee se Ne 0 Tn sero lire l 5-1(1) 
denticulata 4 4 eae Se eG Tea Tein eee Sa ae ed ae eee 0 Teli) at eae opera a 0 3-1(3) 
elegans 10 slo S ae GB Bose Ss Se Se es Tye5 ee Gj232 2 1 10 ---- 10 - - 0 5-2(2) 
evenia 8 = 2 G os = elem De A: - - 8 ae le Tey 0 pon 2 eh 4a — Lael 6 5-5(4) 
falcata 5 er eae a Ze ee Bo 2 3feale a lte= 0 ee ene gem 0 4-6(2) 
fasicularia 1 ees ate ati = lie B= Se Bae == eal =p TS = 0 l---- lees =) 0 = 
fluitans 1 ie? ieee Lp a ke ae a i -ois-s 0 Réioceese fis 6 0 3-1(1) 
histrix 3 ee 1 ele =e = 2 jl 1 Te ea ee | 0 — 
indica 5 5 - - = = | ee | =e SOs See 0 - --- 1 ee 3 _ 
paniculata 12 =o § @ eee Oe eee eee ee el me ome 0 WW Beas WwW s = 0 _— 
pratensis 1 l1- - - - - - - - - - 1 - - 1 - 1lo-- 0 - --- 1 Wee a — 1 3-1(1) 
rudis 3 2a Rh aoe a alee lh bo => 8 ee oe 0 1 -1-- BSS 2 3-3(1) 
scabra 3 Lien a aS Lato eta ne ae Re Fa 9D aS) hie ieee 0 =r? Oo 3 3 _ 
sensitiva 9 Tt a Dina Die he mebey iowa ee eG - - 9 Ss 5S ° 0 8 0 eee ee § loos 4 4-6(8) 
shimperi 1 l- - - = - - - = = = = 1 - - 1 a te 0 - l--- =e plat = 0 _— 
uniflora 1 rhe ease - - - = = = 1 So. } - - 1- 0 Lig ae — tp a 1 a 
villosa 11 mh bo al Stee Onl o tik ee ito Ios Il WO) Sikhs 6 Sey 2elia— le See eee 0 3-8(7) 
virginica 1 a = ee = = Ree be Sd = heel = el == 0 - l--- lec es 1 = 
spp. 25 A en en) 1 Goo § Wo Be Ww - 6 19 eee Sel aye) 2 I) BB Ao I BB 4 _ 

    

{Days from 31 December 1977 when first flower appeared; observed weekly. All other observations were made on 2 October 1978. 
£1=prostrate — lying flat on soil surface; 2=decumbent — same as “1” but stem ends ascending; 3=erect — near vertical. 
§1=branches lying on soil surface; 2=same as “1” but branches ascending; 3=lowest branches grom 5 to 20 cm above soil surface; 4=lowest branches greater than 20 cm above soil 

surface. 
{Roots occurring from horizontal stems touching the soil surface. 
#Leaf feeding by Selenis monotropa Grote larvae, 1=0-10% leaves found; 3=40-60%; 5=90-100%. 
Leaf binding by microlepidopteran, 1=0-10% leaves found; 3=40-60%; 5=90-100%. 
££Accessions with stem holes caused by Selenis monotropa. 
§§First number refers to plant vigor: 1=very poor; 5=moderate, 9=excellent; second number refers to quantity of mature seeds present: 1=none; 5=moderate; 9=abundant, and 

numbers in parenthesis the number of accessions surviving. 
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Fungal pathogens of Aeschynomene spp. include 
Colletotrichum spp., Cercospora spp., Uredo spp., and 
Physoderma spp. Virus or other diseases include to- 
bacco streak virus and legume little-leaf disease (25). 
At the ARC-Ft. Pierce, Colletotrichum spp. has been 
isolated from several Aeschynomene spp. In December 
1979, Dr. Jillian Lenne (Plant Pathologist) rated 44 
accessions (including 13 species) that had survived 
since the 1978 planting for anthracnose. Disease inci- 
dence ranged from none to moderate damage, but 
there was no clear relationship between Aeschynomene 
spp. and disease resistance. In a replicated experiment 
with 36 Aeschynomene introductions (including nine 
species) growing in mixtures with Pangola digitgrass 
(Digitaria decumbens Stent), no anthracnose was de- 
tected. Further studies should be done on the species— 
ecotype—plant origin—disease resistance relationships. 
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Flowering Dates and Freeze Ratings of Cool-Season Forage Crops 
in North Florida’ 

A. R. SOFFES AND G. M. PRINE? 

ABSTRACT 

Knowledge of the approximate time of flowering 
for pasture forages is useful to the pasture specialist 
and the rancher. Proper management of reseeding type 
crops requires knowledge of the best time to move the 
animals off a pasture to allow for seed production. 
Flowering dates as affected by two dates of planting 
and clipping versus no clipping were recorded for 69 
cool season forage crops and cultivars common to 
North and Central Florida. Freeze damage was evalu- 
ated to determine differences in freeze tolerance among 
the cultivars. 

‘The data show little difference in flowering between 
the October 19 and November 16 plantings. Clipping 
every 4 to 6 weeks to a height of 7 cm delayed flower- 
ing in ryegrass; alsike, white, red, crimson, rose and 
arrowleaf clovers; sweetclover; vetch; and alfalfa. 
Clipping had little or no effect on the flowering of 
subterranean, ball and Persian clovers; barrel medic; 
and serradella. Austrian winter pea did not tolerate 
clipping. Regrowth was also poor on most of the vetch 
cultivars, except ‘Woodford’. 

Freeze damage was evaluated among the cultivars 
following a minimum temperature of —5 C on January 
5, 1979. Ryegrass, Austrian winter pea and vetch were 
freeze tolerant while varying degrees of freeze damage 
were observed among the remaining crops. ‘This report 
can be used as a guide to time of flowering of most cool- 
season forage crops grown in North Florida and pos- 
sible freeze damage to those crops for freezes around 
=} G. 

Additional Index Words: Planting date, Seeding 
date, Cutting management, True clovers, Trifolium 
sp., Sweetclover, Melilotus alba, Alfalfa, Medicago 
sativa, Hairy vetch, Vicia villosa, Big-flowered vetch, 

Vicia grandiflora, Common vetch, Vicia sativa, Aus- 
trian winter pea, Piswm sativum, Annual ryegrass, 
Lolium multiflorum, Lolium rigidum, Common ser- 
radella, Ornithopus sativus, Barrel medic, Medicago 
truncatula. 

  

INTRODUCTION 

The rising cost of nitrogen fertilizer has increased 
the interest of researchers and farmers in growing cool- 
season legumes. Knowledge of flowering dates of cool- 
season forage legumes offers the pasture specialist and 
plant breeder a better understanding of pasture man- 
agement, especially when dealing with reseeding forage 
crops. Presently little information is available on the 
flowering habits of many of the currently available 
cool-season forage legumes and annual grasses grown 
in North Florida. 

‘Temperate grasses and legumes are often photo- 

1Florida Agricultural Experiment Stations Journal Series No. 
2257. 

2Graduate Student and Professor, University of Florida, IFAS, 
Agronomy Department, Gainesville, FL 32611. 

period-responsive, long-day plants; thus the date of 
planting may have only limited effect on flower initia- 
tion. Earlier fall planting would allow for a longer 
growing period, hence a higher forage production over- 
all. While planting date may affect flowering to a 
limited extent, frequency and intensity of grazing 
might considerably extend the period of flowering. 
Removal of the photosynthetic leaf material and 
meristematic growing points by grazing or cutting may 
prolong the vegetative growth stage of the forage. 

Forage response to freezing temperatures should 
also be considered in pasture planning for the North 
Florida area. Although freezes are short termed, cul- 
tivar response among crops varies considerably. 

‘This experiment was designed to determine the 
effects of time of planting and cutting management on 
the flowering time of many of the currently available 
legumes and annual grasses in North Florida. 

MATERIALS AND METHODS 

The 69 forage crops and cultivars listed in Table 1 
were planted on Arrendondo fine sand, a loamy, 
Siliceous, Thermic Grossarenic Paleudult, on the main 
Agronomy farm at Gainesville (29° 40’ north latitude). 
All crops and cultivars were seeded on two dates, 
October 19 and November 16, 1978. Plots were a single 
row 4.9 m long. One 2.45-m strip of each plot row was 
clipped at approximately 4 to 6 week intervals to a 
height of 7 cm. The second strip was left to grow 
naturally without cutting. Clipping was terminated on 
April 20, 1979. Flowering dates were recorded when 
50% of the plants were flowering for both treatments. 
Each crop or cultivar was replicated three times at each 
planting date. 

Plots received an initial application of 560 kg/ha 
of 0-10-20 (N-P,O,;-K,O) and 2200 kg/ha of dolomitic 
lime. Ryegrass plots were banded with an additional 
336 kg/ha of 15-0-15 fertilizer. Fertilizer consisting 
of 224 kg/ha of 0-10-20 fertilizer and 67 kg/ha of 
NH,NO, was applied to all plots on January 17, 1979. 

Freeze damage was assessed following a freeze on 
January 3, 1979 when the minimum temperature 
reached —5 C (23° F). The damage was rated on a 
scale of 0 = no damage to 10 = all top growth killed. 

Crops grown in this experiment were alfalfa 
(Medicago sativa L.); Persian (Trifolium resupinatum 
L.), alsike (7. hybridum L.), arrowleaf (T. vesiculosum 
Savi.), ball (T. nigrescens Viv.), berseem (T. alexan- 
drinum L.), crimson (T. incarnatum L.), mike (T. 
michelianum L.), red (T. pratense L.), rose (T. hirtum 
All.), subterranean (7. subterraneum L.), and white 
(T. repens) clovers; barrel medic (Medicago truncatula 
Gaertn.); sweetclover (Melilotus alba Desr.); Austrian 
winter pea (Piswm sativum L.); vetches (Vicia villosa 
Roth, V. sativa L., and V. grandiflora Scop.); serradella 
(Ornithopus sativa Brot.); and ryegrasses (Lolium 
multiflorum Lam. and L. rigidum Gaud.). 

RESULTS AND DISCUSSION 

The effect of planting date and clipping manage-
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TABLE 1.—FLOWERING DATES AND FREEZE RATINGS OF CLIPPED AND 
UNCLIPPED WINTER FORAGE PLOTS PLANTED ON TWO DATES AT GAINS- 

VILLE, FLORIDA IN 1978-79 SEASON. 

  

50% flowering date 

Planted Oct. 19 Planted Nov. 16 

Crop and Un- Un- Freeze 

  

  

  

  

cultivar clipped Clipped clipped Clipped rating 

Alfalfa 

Vangard Apr1l4 May 22 Aprll May 18 1 
Hairy Peruvian Aprl4 May19 Aprl2 May 19 3 
ARC Aprl5 May28  $Aprl2 May 26 1 
Fla. 66 Apr1l4 May 20 Apr18 May 19 i 

Alsike clover 

Fla. Selection Apr 7 Apr 12 Apr6 Apr6é - 

Arrowleaf clover 

Amclo Apr 27 May 10 May2 May7 2 
Yuchi May9 May 14 May 12 May 13 2 
RRPS-3 May 12 May 20 May5 May 26 2 
Meechee May 12 May 29 May 27 June 5 1 

Ball clover 

Common Apr 7 Apr 4 Apr 4 Apr 4 - 

Berseem clover 

Unknown PED Te Apr 27. May 5 - 

Crimson clover 

‘Tibbee Mar 19 Apr 10 Apr2 Apr 13 2 
Autauga Apr l Apr 14 Apr 2Aprel2 1 
Dixie Apr2 Apr 14 Apr? Aprils 5 
Chief Apr2 Apr 14 Aprll Apr 26 1 

Mike clover 
Unknown Apr7 Apr 12 Apr4 Apr6 - 

Persian clover 

Abon Apr 30 May 2 May2 May 2 - 

Red clover 

Nolin Apr9 AprlIll Apr5 Apr 29 3 
Tensas Apr2l May 12 May5 May 12 4 
Pennscott May5 May 19 May 12 May 21 3 
Kenland May5 May24 May15 May 22 3 
K4-184 May6 May 26 May 26 May 26 4 
Redland May 10 May 25 May 10 = May 25 3 
Florie May 10 May 23 May 19 May 25 4 
Florex May 23 May 25 May 24 May 29 3 
Arlington May 24 May26 May24 May 25 3 
Kenstar May 24 May 24 May 24 May 29 3 

Rose clover 

Kondinin Mar 23 Apr 2 Mar 23 Mar 23 3 
Calif.Common Apr 8 Apr 8 Apr 14 Apr 16 2 
Wilton Apr15 Apr 20 Aprl2  Apr17 - 
Composite Apr18 Apr 28 Aprl16 Apr 28 - 

Sub clover 

Dwalganup Mar 16 = Mar 16 Mar18 Mar 19 4 
Yarloop Mar 26 Mar 26 Mar 24 Mar 24 4 
Trikkala Mar 27 Mar 27 Mar 27 Mar 31 2 
Daliak Mar 28 Mar 28 Mar 25 Mar 25 4 
Geraldton Mar 29 Mar 29 Mar 26 Mar 26 2 
Seaton Park Mar 29 Mar 29 Mar 26 Mar 31 6 
Clare Mar 28 Mar 28 Mar 31 Mar 31 5 
Dinninup Mar 31 Mar 31 Mar 31 Mar 31 4 
Howard Apr 2 Apr 2 Apr2 Apr2 2 
Woogenellup Apr12 Apr 12 Apr13 Apr 13 1 
Mt. Barker Apr12 Apr 15 Apr16 Apr 16 2 
Nangeela Apr 18 Apr 18 Apr 20 Apr 20 1 
Miss Ecotype Apr 20 Apr 22 May6 May 12 1 
Tallarook Apr2l1 Apr 21 Apr 28 May 12 3 

White clover 

Nolin Mar 26 Mar 26 Apr2 Apr7 - 
Tamar Mar 26 —— Apr 4 — - 
Fla. White Apr5 Apr 16 Apr 20 Apr 27 - 
Arcadia Apr15 — Ap in? 2 oa 
K7-5 May 26 —— Apr 19 —— - 

TABLE 1.—(Continued) 
  

Crop and Un- Un- Freeze 
cultivar clipped Clipped clipped Clipped ratingt 

Sweetclover 
Floranna Mar 27 Apr 16 Apr1l0 May 3 - 

Barrel medic 

Cypress Mar7 Mar7 Mar9 Mar 9 - 
Jemalong Mar7 Mar9 Marll_ Mar 18 2 

Austrian winter pea 

Romack Mar 27 —— Mar 31 —— 1 
ID 89-1 Apr12 = —— Diseased} —— 1 
Melrose Apr 15 = — Apr12 —— 1 
Fenn Apr15 —— Diseased}; —— 1 

Vetch 

Woodford Mar 28 Apr 15 Mar 28 Apr 16 0 
big-flowered 

Vangard Mar 28 May 5 Apr 2 May 1 2 
Cahaba White Apr 2 May 1 Apr 2 May 1 1 
Nova II Apr2 Apr 15 Apr2 Apr 30 1 
Vantage Apr2 May 3 Apr 5 May 3 1 
Hairy May5 May 15 May5 May 23 1 

Serradella 

Uniserra Apr12_ Apr 12 Aprll Apr Il 0 

Ryegrass 

Wimmera Apr 1 Apr 30 Apr2 Apr 29 0 
Fla Reseeding Apr 1 May 3 Apr8 Apr 30 0 
Magnolia Apr5 May5 Apr12  Mayd 0 
Tetrablend 444 Apr6  Mayl0 Aprl2 May4 0 
Gulf Apr8 May5 Apr12 May 4 0 

{Disease was powdery mildew. 
tFreeze damage ratings were made following a freeze on Jan- 

uary 3, 1979. A minimum of — 5 C (23 F) was reported with 12 
hours below 0 C (32 F). Rating: 0 = no damage to 10 = all top 
growth killed. 

ment on the time of 50% flowering for each forage 
crop and cultivar is shown in Table 1. This table pro- 
vides the reader with an estimate of the time that the 
various crops can be expected to flower in North 
Florida. Flowering would be expected to vary slightly 
from year to year. The data in Table 1 are recom- 
mended for planning purposes and comparing life 
cycle lengths of various crops and cultivars. Results 
from Table | show that planting date had little effect 
on flower initiation or 50% flowering for all crops in 
this study. There was a range in 50% flowering from 
no delay to 2 weeks delay between the October 19, 
1978 and November 16, 1978 plantings. 

Clipping had a much more dramatic effect on the 
flowering of several of the forage legumes. Austrian 
winter pea cultivars were killed by the clipping treat- 
ment. Regrowth was also poor on all clipped vetch 
cultivars, except Woodford’. Clipping delayed flower- 
ing for alfalfa; white, red, crimson, rose, arrowleaf and 
alsike clovers; and vetch, sweetclover, and ryegrass cul- 
tivars. The flowering of serradella, barrel medic, and 
Persian, ball, and subterranean clovers was not affected 
by clipping. 

Ratings of freeze damage to various cool season 
crops by the January 3, 1979 freeze also are given in 
Table 1. The 1979 freeze damage ratings compared 
favorably to similar freeze ratings by Prine et al. (1) 
following a more severe freeze on January 18, 19 and 
20, 1977, when temperatures were reported below —6.7 
C for each of the 3 days. Freeze damage responses in
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1979 were lower due to the decreased length and sever- 

ity of this freeze. 

CONCLUSIONS 

The results of Table 1 provide information on the 
approximate date of flowering of the forage crops in 
North Florida under hay conditions (no clipping) or 
rotational pasture (clipping). The flowering data 
should be accurate enough for planning purposes from 

about 28 to 30° north latitude. The Table 1 data on 
freeze ratings can be used as a projection of the damage 
which can occur to the forage crops for freezes down to 
5C, 
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1. Prine, G. M., O. C. Ruelke, and C. E. Dean. 1978. Per- 
formance of winter forage legumes at Gainesville, Florida. 
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SOCIETY AFFAIRS 
Minutes of 39th Annual Business Meeting 

  
Davin JONES 

The business meeting of the 39th annual meeting 
was called to order at 11:20 a.m. October 3 by Presi- 
dent D. W. Jones. Minutes of the previous meeting 
were approved as published in Volume 38 of the So- 
ciety Proceedings. An interim financial report was 
given by the Secretary-Treasurer, Dr. J. B. Sartain. The 
President called for presentation of old or unfinished 
business and none was presented. 

President Jones announced that 44 people attended 
the Range and Pasture Management Symposium held 
on October 2, 1979 and sponsored jointly by this So- 
ciety and the Florida Chapter of the American Society 
for Range Management. A special thanks was also ex- 
pressed to A. Duda and Son’s for a very informative 
field trip and to Fred Montsdeoca and Chris McCown 
of the Florida Lime and Dolomite Company, Inc. of 
Ocala for their sponsorship of the social hour following 
the field trip. 

Dr. E. B. Whitty presented the report of the pub- 
licity committee. He indicated that the first newsletter 
was apparently well received by the membership and 
thanked the Potash/Phosphate Institute for their as- 
sistance in editing and publishing the newsletter. The 
ones present were asked to respond relative to the 
necessity of a newsletter and Society Logo. After dis- 

cussion, Dr. G. M. Prine made the motion that the 
Society publish one or two newsletters per year depend- 
ing on the need for such a publication and that the 
publicity committee should proceed with plans to de- 
velop a Society Logo. Dr. W. R. Ocumpaugh seconded 
the motion and the membership approved it unani- 
mously. 

The nominating committee chaired by Dr. G. M. 
Prine made the following recommendation: Dr. A. J. 
Overman as President-elect and Ted Winsberg as Di- 
rector. There were no further nominations and these 
two were elected by unanimous vote. 

Dr. E. S. Horner, Chairman of the Editorial Com- 
mittee, indicated that the Proceedings were late be- 
cause the authors failed to submit their papers on time. 
He indicated that a firm deadline for manuscript sub- 
mission would be announced soon after the annual 
meeting. 

A report of the spring meeting of the Executive 
Committee was made by President Jones. The follow- 
ing changes were adopted by the Executive Committee: 
1). No registration fee will be required of graduate 
students who attend the annual meetings, and 2). The 
charges for the Proceedings were increased to $10 
within the U.S. and $12 outside U.S. There being no 
further business, the meeting adjourned. 

BANQUET 
The annual banquet was held at 7:00 p.m. on 

Wednesday, October 2, 1979. 
Following the invocation, dinner and introductions, 

Dr. J. W. Fitts of Agro Services International, Inc. gave 
an address on International Agriculture. 

Volume 39 of the Proceedings of SCSSF was dedi- 
cated to Dr. Nathan Gammon by Dr. C. F. Eno. 

Dr. G. B. Killinger was appointed as an Honorary 
Lifetime Member by the Society. 

‘The Necrology Report prepared by Dr. V. E. Green 
was presented by Dr. C. E. Dean. 

‘The officers that had been elected at the business 
meeting were installed by President Jones. The new 
Society President, Dr. V. W. Carlisle, adjourned the 
banquet. 

NECROLOGY 

During the calendar year 1979, the Society was 
saddened by the death of two members. One of the two 
was an honorary lifetime member with an extremely 
long association with the society and with Florida 
agricultural research at a branch station. The other 
had worked at a branch station for a short time but 
kept up his membership for many years even while 
working in the eastern USA. Both members have made 
significant contributions to the objectives of the So- 
ciety. It is evident that we, individually and collec- 
tively, have lost two irreplaceable friends and leaders. 
‘Their constructive and sincere concern for all aspects
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of the work will make their absence felt for a long time 
to come. Death has taken from our rolls the following 
estemmed members: 

DR. WILLIAM G. KIRK 
Wachula, Florida 

DR. WILLIAM C. LECROY 
Mount Cury, Maryland 

RESOLUTION OF SYMPATHY 

NOW, THEREFORE, BE IT RESOLVED: that 
this expression of sorrow over this great loss and of 
sympathy to the immediate families of the deceased be 
spread upon the records of this Society and a copy of 
the same be sent to the closest member of the family 
of each. 

Respectifully submitted, 
VICTOR E. GREEN, JR. 
Chairman, Committee on Necrology
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SECRETARY-TREASURER’S
 REPORT 

FINANCIAL 

Cash in Banks January 1, 1979 
Florida National Bank of Gainesville $ 846.23 
First Federal Savings & Loan Assoc. of 

Gainesville 4,850.18 
Total Cash $ 5,696.41 

Receipts 
Regular Dues $2,480.00 
Sustaining Dues 225.00 
Sale of Proceedings 1,141.50 
Registration 1,332.00 
Banquet 768.00 
Interest on Savings 293.99 

Total Receipts $ 6,240.49 
Total monies to be accounted for: $11,936.90 

Disbursements 
Publication of Proceedings 

Volume 38 $3,000.00 
Expense of Annual Meeting 1,286.42 
Postage 522.08 

SoIL AND CROP SCIENCE SOCIETY OF FLORIDA 

127.04 
$ 4,935.54 

Miscellaneous 

Cash in Banks December 31, 1979 
Florida National Bank of Gainesville 
First Federal Savings & Loan Assoc. of 

$1,157.19 

Gainesville 5,844.17 
Total in Banks $ 7,001.36 
Total monies accounted for: $11,936.90 

MEMBERSHIP 

Regular (U.S.) 248 
Regular (Foreign) 23 
Sustaining (U.S. and Foreign) 21 
Honorary Lifetime Members 18 

TOTAL 310 

LIBRARIES 

Gift and Exchange World Wide 90 
Foreign 14 
Florida 7 
U.S. (other than Florida) 20 

TOTAL 131 

HONORARY LIFE MEMBERS 

R. V. Allison 
J. R. Bechenbach 
Richard Bradfield 
R. A. Carrigan 
W. A. Carver 
Jesse R. Christie 
W. M. Fifield 
W. 7. Forsee, Jr. 

J. R. Henderson 
G. B. Killinger 
J. E. McMurtrey, Jr. 
Michael Peech 
Knowles A. Ryerson 
F. B. Smith 
Ernest L. Spencer 
George D. ‘Thornton 

Henry C. Harris 

Alan B. Beavers, 3204 Hayden Court, 

Raleigh, North Carolina 27612 

Deerfield Groves Company 
Wabasso, FL 32970 

Richard A. Diebold 
Double-D Ranch, Inc., Suite 3307 

375 Park Avenue 
New York, New York 10022 

Dr. Charles R. Forman, 3300 N.E. 17th 

Street, Ft. Lauderdale, Florida 33305 

J. R. Graves, Graves Brothers Company, 

P. O. Box 277, Wabasso, Florida 32970 

Dr. Victor E. Green, Jr. 
Agronomy Department 
University of Florida 
Gainesville, FL 32611 

Gulf and Western Chemical Co. 
P. O. Box 1329 
Vero Beach, FL 32960 

Gaylord M. Volk 

SUSTAINING MEMBERS 1979 
L. CG. Judd and Company, 2230 S. E. 17th 

Street, Fort Lauderdale, Florida 33316 

Rudolph E. Leide, Route 1, Jonesboro, Il- 

linois 62952 
Na-Churs Plant Food Co. 

Loran Carlton 
1902 Sherwood Drive 
Tallahassee, FL 32303 

E. O. Painter Printing Company, P. O. 
Box 877, DeLeon Springs, Florida 32028 

Ramie Textiles, Inc, P. O. Box 183, 

Manila, Philippines 
South Bay Growers, Inc., P. O. Box 56, 

South Bay, Florida 33430 
South Fla. Water Met. Dist. 
Reference Center 

P. O. Box V 

West Palm Beach, FL 33402 

J. Kolb Stuart, P. O. Box 870, Bartow, 

Florida 33830 
(Wayne) Thomas, Inc., 1303 Baseball 

Pond Road, Brooksville, Florida 33512 
W. C. Tunno, Jr., Polk County Fertilizer 

Company, P. O. Box 366, Haines City, 
Florida 33844 

U.S. Sugar Corporation, P. O. Drawer 1207, 
Clewiston, Florida 33440 

R. A. Wingate 
Rt. 1, Box 107 
Zolfo Springs, FL 33890 

Theodore W. Winsberg 
Rt. 1, Box 331B 
Boynton Beach, FL 33437 

Emil Wirth 
Oswaldo Cruz C.P. 
(Est, S. Paulo) 
Brazil, S. A.
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