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In the period from 1977 to 1980 a number of field experiments

were carried out at the University of Florida Agricultural Research

and Education Center in Homestead to determine the effect of various

levels of discrete or repeated, mechanical defoliation of 'Walter 1

tomato plants on components of marketable yield. Treatments

consisted of 100% defoliation and separate 20%, 40%, 60%, and 80%

defoliations of the lower or the upper part of the plants.

A differential sensitivity to defoliation in the course of the

plants' development was observed. The most sensitive times appeared to

be early in the season and at mid-season. In most cases, however, at

least 60% of the foliage had to be removed before total marketable

fruit yields and yields in the largest, most profitable size categories

were significantly reduced when compared to yields from the control

plants. Tomato plants exhibited less tolerance of repeated defoliation



with removal of 40% of the total leaf area often resulting in yield

loss in the first harvest. However, the total yield of the first two

harvests combined was not significantly reduced when compared to yields

from nondefoliated plants.

The total marketable yield of the tomato plants at any level of

defoliation was significantly correlated with the gross revenue a

grower would obtain from the harvested fruit based on different prices

for the various size categories.

Major defoliation associated with leafminer damage in commercial

production plantings is the result of the adverse effect of pathogens

inhabiting the leaf mines. In this study the pathogen most commonly

associated with the leaf mines has been identified as Alternaria

alternata (Fries) Keissler. It appears to be only weakly parasitic,

its detrimental effect depending on the nutrient supply provided in the

mine by mesophyll cells lacerated by the leafminer larvae. Additional

damage to the leaf can also be done by other pathogens such as

J<anthomonas vesicatoria (Doidge) Dows., which may enter mines when

bacterial spot disease pressure is high.

The actual damage to the tomato leaf by the leafminer larvae

themselves seems to be restricted to the removal of photosynthetically

active tissue. The main concern for growers, therefore, should lie in

the occurrence of infection of the mines. Infection is probably less

likely to occur when the nutrient supply available for the pathogen is

too little for it to do harm to the leaf tissue. This is the case when

the larvae are killed early in their development so that only a small

amount, of leaf tissue has been consumed. The most effective way for

ensuring their early death and, consequently, low leafminer populations



is effective use of the numerous parasites of the fly. This can best be

achieved by applying sound pest management practices. If there are too

few parasites to control the leafminer population effectively then

insecticide applications specifically to control the leafminer are

necessary. If the defoliation level in prebloom plants reaches 30% or

in postbloom plants reaches 50%, then insecticide treatments are

recommended.



CHAPTER I

INTRODUCTION

The tomato, Lycopersicon esculentum Mill., is one of the most

important commercially-grown vegetable crops in the United States.

With a market value of $517,769,000 in 1979, 19.61% of the total value

of the principal vegetable crops, it was second only to lettuce. In

acreage it was the fourth most important crop with a harvested area of

51,924 hectares, equalling 7.92% of the total commercial vegetable

acreage in the United States (Anonymous, 1980a). Florida is the second

largest producer of tomatoes in the United States and the country's

sole domestic supplier during the months of January, February, and March

(Anonymous, 1979; Zepp and Simmons, 1979). The Dade County tomato

production area accounts for approximately 25% of the state's total

number of harvested acres (Anonymous, 1980b).

For cultivation of tomatoes on the Rockdale soils of South Florida,

the investment in land preparation, planting, and cultivation prac-

tices, including pesticide applications, was estimated at $526.75 per

cultivated acre for a 842-acre farm in 1973 (Walker and Hunt, 1973).

Additional costs for harvesting, processing, and overhead were estimated

at $835.08 per acre. With an investment of this magnitude, it is not

surprising that tomato growers, especially in Dade County, Florida,

would strive to hold yield losses due to pests to a minimum.



Since the end of World War II when chlorinated hydrocarbons came

into widespread use as pesticides, tomato yield has increased from 9.3

metric tons average per hactare for the period 1945-1950 to 17.9 metric

tons average per hectare for the period 1965-1970 (Rose, 1973). Al-

though this near doubling of the yield can be attributed to a number

of cultural practices, effective control of the large number of insect

pests has, undoubtedly, been an important contributing factor.

Leafminers have for the last few decades been considered one of

the most serious pests infesting tomatoes (Wene, 1955; Hayslip, 1961;

Poe et al., 1978). Serious outbreaks of the vegetable leafminer on

tomato occurred for the first time in 1946 and resulted in serious

defoliation of the crop (Anonymous, 1947). An increase in leafminer

populations has been attributed to the general use of DDT and other

chlorinated hydrocarbons as well as organophosphates (Spencer, 1973a).

An accentuation of the leafminer problem has been shown to be the result

of a reduction of the parasite populations by the use of insecticides

(Wene, 1955) as well as a result of the ineffectiveness of the in-

secticides against the leafminers themselves (Hills and Taylor, 1951;

Shorey and Hall , 1963).

The actual damage done by the vegetable leafminer, Liriomyza

sativae Blanchard, to the host plant consists of the consumption of

the leaf's pallisade tissue, which presumably results in a reduction

of the photosynthetic activity of the plant. If the mine density is

high, this damage alone can trigger leaf abscission, ultimately re-

sulting in serious defoliation of the plant. In some cases defoliation

has been reported to have occurred so late in the season that only

little damage was done and an actual benefit in advanced maturity has



been suggested (Michelbacher et al . , 1949). However, in fields where

defoliation occurred early in the season serious fruit loss due to

sunburn was observed. Leafminer infestations have been suggested as

the cause of yield reduction in tomatoes on occasion (Wolfenbarger

and Wolfenbarger, 1966; Schuster et al . , 1976), but others report no

significant yield decrease despite defoliation by leafminers or in-

creased leafminer density (Levins et al . , 1975; Schuster et al . , 1976;

Schuster and Everett, 1977; Johnson et al . , 1980a, b). The possibility

of negative effects on tomato yield and quality by leafminer popula-

tions larger than those observed was not ruled out, however (Levins

et al., 1975).

Even in the case of low mine densities, defoliation may occur.

The leafminer flies can be directly or indirectly responsible for any

secondary damage occurring as a result of punctures in the leaf

epidermis. The exposure of damaged internal leaf tissue to the

atmosphere provides opportunities for micro-organisms, including plant

pathogens, present on the leaf surface or on the fly's ovipositor to

colonize the leaf (Portier, 1930; Baranowski, 1958; Spencer, 1973a).

Numerous species of micro-organisms have been found in the phylloplane

of healthy plants including tomatoes (Sinha, 1971; Dickinson, 1976)

many of which are able to live as parasites (Dickinson, 1976). Secondary

damage to mined leaves has been noted on sugarbeet (Landis et al . , 1967),

alfalfa (Andaloro and Peters, 1977), and grasses (Kamm, 1977).

Discoloration of leaf areas not directly damaged by leafminers

has been observed on various plants and was attributed to either affects

of the miner itself, its metabolites, or the host tissue (Hering,

1951). Yellowing and necrosis of the mines' vicinity occurs frequently



(Hering, 1951; Kamm, 1977). Leaf injury due to secondary fungal in-

fection has been suggested (Spencer, 1973a) but has been rarely shown

(Haddow, 1941). Bacterial diseases associated with leafminer damage

have also been shown (Sohi and Sandhu, 1968; Leach, 1927).

Yellowing and necrosis of leaves of vegetables, especially tomato,

have been noted frequently. It has been suggested that a pathogen,

presumably an Alternaria species, is responsible for this damage

(Baranowski, 1958). Research was undertaken during the period 1977-1980

to investigate the effects of the vegetable leafminer and associated

pathogen(s) on the yield and fruit quality of the tomato. Specific

objectives of this study were to determine:

(1) the effect of mechanical defoliation of tomato plants in the

field, carried out at different levels and times, on the

production of fruits,

(2) the identity of the pathogen(s) and saprophytes, if any,

present in the discolored leaf areas adjacent to leaf mines

and associated with non-diseased mines, and

(3) the effect of the presence of leaf mines on the photosynthetic

activity of otherwise healthy tomato leaflets.



CHAPTER II

A REVIEW OF THE LITERATURE ON THE IDENTIFICATION AND CONTROL OF
THE VEGETABLE LEAFMINER, Liriomyza sativae Blanchard

Introduction

In order to protect a crop efficiently from insects it is best to

apply a sound pest management strategy instead of relying for the

greater part on insecticides. The successful application of an inte-

grated pest management program for tomatoes has been recently demon-

strated (Pohronezny et al., 1978b). The use of insecticides has

repeatedly led to a decline in the acreage used for the production of

some crops (Metcalf, 1975). A result of the widespread use of insecti-

cides is the selection of secondary pests, formerly controlled by their

natural enemies (Metcalf, 1975). The vegetable leafminer, Liriomyza

sativae Blanchard, is such a pest (Pohronezny and Waddill, 1978) and

it would, therefore, be advisable to control the primary tomato pests

by using methods which allow natural enemies to help reduce the leafminer

populations below economic thresholds.

The present review summarizes the difficulties encountered in

identifying the leafminer and the various methods tried or available

for the control of leafminers infesting tomatoes.



Identification of the Vegetable Leafmi ner

The vegetable leafmi ner has been given many names. Frost (1924)

was the first to record a dipterous leafminer on tomato although the

insect was not reared, and, therefore, not identified. Wolfenbarger

(1947) reared Liriomyza pus ilia (Meigen) from serpentine mines on tomato

and a number of other crops. I. pus ilia was originally described as

Agromyza pusilla by Meigen in 1830 (Frick, 1956). Various workers sub-

sequently reported the serpentine leafminer as occurring on a large

number of host plants (Webster and Parks, 1913; Frost, 1924). Frost

(1924) describes mines of A. pusilla Meigen as a serpentine type on

some hosts and as a blotch type on others. Later Frost (1943) states

that larvae of this fly do not produce serpentine mines and concludes

that Webster and Parks were working with several species. Spencer

(1973a) stated that one of the species involved was undoubtedly

Liriomyza sativae Blanche rd.

Each leafminer species appears to produce a consistent pattern in

the construction of its mine (Spencer and Stegmaier, 1973); so it can

be assumed that any report of a leafminer producing mines other than

serpentine ones does not refer to the vegetable or serpentine leafminer,

L. sativae Blanchard. Furthermore, A. pusilla Meigen, synonymous with

JL. pusilla (Meigen), is believed to be a European species not occurring

in North America (Stegmaier, 1972) and consequently any reference to

this species name or its synonyms as listed by Frick (1956) in the

United States Drobably constitutes a mi si dentifi cation.

Lange (1949) recognized three distinct species, all with a yellow

scute! 1
. urn, infesting tomatoes in California: Agromyza ( Liriomyza )



pusilla Meigen, Agromyza ( Liriomyza ) subpusilla Frost, and a species

close to Agromyza ( Liriomyza ) flaveola Fallen. Frick (1957) describes

Liriomyza munda n.sp., I. propepusilla Frost, and L. pictella (Thomson),

Various leafminer species reported earlier by Lange and others are

classified as belonging to one of these three described species.

Agromyza ( Liriomyza ) pusilla Meigen was considered a synonym for L.

munda Frick; Agromyza ( Liriomyza ) subpusilla Frost could be synonymous

with L.. munda Frick, I. propepusilla Frost or L. pictella (Thomson);

L_. subpusilla (Frost) could by synonymous with L. munda Frick or L_.

Pictella (Thomson). Most of the records of I. pusilla (Meigen) are

thought to be on L_. munda Frick (Stegmaier, 1972) while all references

to I. pictella also include L_. munda Frick (Stegmaier, 1966). Spencer

(1965) suggested that the name L_. pictella (Thomson) should temporarily

be restricted to the holotype since all species previously identified

as L_. pictella proved to be I. munda Frick. Liriomyza munda Frick as

wel1 as L' canomarginis Frick, L. guytona Freeman,
J., minutiseta Frick,

and L. pullata Frick are considered to be synonyms of L_. sativae B lan-

chard by Spencer (1973a). Liriomyza propepusilla Frost is also thought

to be synonymous to L. sativae Blanchard (Musgrave et al
.

, 1975).

Spencer (1973a, b) lists ten Agromyzid species occurring on

Solanaceous plants. Of these one is a stem miner of the tomato, one

a tuber miner of the white potato, and the remainder leafminers on a

number of plant species. Of the seven species specifically listed as

occurring on tomatoes, only three are reported from the United States:

Liriomyza huidobrensis (Blanchard), L. trifolii (Burgess), and L_.

sativae Blanchard.. In South Florida only the latter two have been

observed. Liriomyza trifolii (Burgess) may be confused with L. sativae

in infestations of crops (Spencer, 1973a).



Many Liriomyza species are morphologically so similar that often

only examination of the male genitalia will enable one to make a satis-

factory identification (Spencer, 1973a). It is not surprising, there-

fore, that so many names have been given to the tomato serpentine

leafminer when it was discovered with morphological variations dif-

ferent enough from the holotype to make it appear to be a different

species.

Control of the Vegetable Leafminer

Control by Parasites

Parasites have been considered capable of keeping leafminer popula-

tions below economic levels (Baranowski, 1958; Michelbacher et al .

,

1951, 1952; Wene, 1955; Getzin, 1960). Musgrave et al . (1975) suggested

a pest management strategy in which the leafminer populations are

allowed to be controlled by their parasites as much as possible. At

least 47 species of Hymenopterous parasites have been reared from I.

sativae Blanchard in various locations in the Western hemisphere. A

list cf these parasites with the reported name of the host from which

each one had been reared is given in Table 1.

Of these at least 14 species have been reared from larvae and

pupae of L. sativae in Florida (see Table 1). Also reared were un-

identified species in the following genera: Opius , Chrysocharis ,

Achrysocharis , Derostenus , and Diglyphus (Musgrave et al . , 1975;

Stegmaie*\ 1966). In addition one species, Diglyphus pulchripes

(Crawford) is recorded as occurring in Florida (Stegmaier, 1972) and

has been reared from L_. sativae elsewhere (Oatman, 1959; McClanahan,
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1977). A Geocoris species has been observed by the author to attack

leafminer pupae on plastic mulch underneath the tomato canopy.

Cultural Control

Abandoned tomato fields could be an important factor in contributing

to the leafminer problem (Adlerz, 1961). It has been recommended that

plants and plant debris remaining in the field after the final harvest

be destroyed to eliminate this fly source (Brogdon, 1961; Wolfenbarger,

1961). However, others feel that abandoned fields contribute few

vegetable leafminers to the agroecosystem (K. Pohronezny and V.H.

Waddill, personal communication, 1980).

Use of various types of mulching has on several occasions been

shown to decrease the number of leaf mines of _L. sativae in tomato and

squash (Wolfenbarger and Moore, 1968; Chalfant et al . , 1977). An in-

crease, using plastic coated paper as the mulch, was found also (Price

and Poe, 1976).

Staking has been shown to increase the leaf mine density and de-

crease parasitism of the leafminer by dpi us dimidiatus (Price and Poe,

1976).

Control by Host Plant Resistance

Differential response of Liriomyza sativae Blanchard in cantaloups,

chrysanthemums, muskmelons, and tomatoes has been found (Kelsheimer,

1963; Wolfenbarger, 1966; Webb and Smith, 1969; Webb et al . , 1971;

Kennedy et al., 1975, 1978; Schuster and Harbaugh, 1979). These dif-

ferences in resistance in the tomato cultivars were not great although
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several accessions of species related to the cultivated tomato were

virtually immune or demonstrated a considerable antibiosis (Webb and

Smith, 1969; Webb et a!., 1971).

A relatively low level of leafminer resistance in tomato may

sufficiently reduce leafminer damage to provide adequate control (Webb

et al., 1971).

Chemical Control

Since the vegetable leafminer became a major pest on various truck

crops in the mid-1940's, many insecticides have been applied to reduce

its populations. DDT has been shown ineffective against leafminers

and, because of the reduction of their parasite populations, actually

caused an increase in the fly population (Hills and Taylor, 1951; Shorey

and Hall, 1963). Research on insecticidal control of the leafminer has

been intensive (Mus grave et al., 1975). A large number of compounds

has been shown to be promising, but the effectiveness of several has

decreased over years of use. Chlordane was one of the first insecti-

cides recommended for leafminer control (Wolfenbarger, 1947). Toxa-

phene, parathion, aldrin, and dieldrin were also effective in the 1940
'

s

(Wolfenbarger, 1948, 1958; Michelbacher et al . , 1951; Wene, 1953). All

these products, however, seemed to be losing their effectiveness

(Wolfenbarger, 1958; Baranowski, 1958; Wene, 1955). Toxaphene, para-

thion, and aldrin were shown to reduce the parasite population without

directly affecting the leafminers (Wene, 1955). In the mid-1950's

diazinon became the most effective insecticide (Baranowski, 1958;

Wolfenbarger, 1958), although it was ^ery toxic to some parasites
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(Getzin, 1960). Brogdon (1961) and Adlerz (1961) found that diazinon

was no longer effective in 1961 in south Florida but that it still

controlled leafminer populations in north and central Florida. Good

reduction of the fly population on tomato with diazinon was also ob-

tained in California (Shorey and Hall, 1963). Dimethoate was shown

to be yery effective in controlling leafminers in the late 1950'

s

(Getzin, 1960; Hayslip, 1961; Wolfenbarger, 1961). Getzin (1960) found

that dioxathion gave excellent control; on the other hand, Harris

(1962) found it to be ineffective. Harding (1971) noted good control

of the vegetable leafminer on tomato with methamidophos, monocrotophos,

and dimethoate in Texas. These three compounds were also effective on

tomato in south Florida in 1976 (Schuster et al . , 1976). However,

dimethoate is not considered effective against the leafminer anymore

(Pohronezny and Waddill, 1978). Oxamyl gave good control of leafminer

on tomato in south Florida in 1974 (Bear, 1975) and in 1975 (Schuster

et al . , 1975). In 1977, however, control of defoliation of tomatoes

by applications of oxamyl was not satisfactory (Schuster and Everett,

1977). Janes and Genung (1977) also found no control of the vegetable

leafminer on celery with this insecticide. The use of methomyl for

the control of Lepidopterous pests of tomato destroys the parasite

population and subsequently increases the leafminer densities (Oatman

and Kennedy, 1976; Janes and Genung, 1977; Johnson et al., 1980a, b).

The negative effects of juvenile hormone analogs on biological

control agents appear to outweigh the beneficial effects on target

pests (Poe, 1974; Lema and Poe, 1978). Synthetic pyrethroids like

permethri.n seem to give excellent control of leafminer populations

(Schuster et al., 1975; Janes and Genung, 1977; Tryon, 1979) and are
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relatively non-toxic to some of the parasites (Waddill, 1978). This

group of compounds may be a good alternative to the conventional in-

secticides because of the spectrum of activity and low toxicity to

parasites and mammals (Schuster et al . , 1975).

Conclusions

It would be reasonable to suggest that the vegetable leafminer,

Liriomyza sativae Blanchard, has become resistant to many insecticides

since many of these chemicals have been ineffective in reducing the

leafminer populations. Before the development of DDT and other

chlorinated hydrocarbons, the leafminer had never been considered a

problem in tomato production. Apparently its population was kept suf-

ficiently low by natural enemies. The list of Hymenopterous parasites

recorded for I. sativae illustrates the large number of natural enemies

of this pest species. Since neither host plant resistance nor cultural

methods have as yet been capable of reducing leafminer populations

effectively, the solution to the problem seems to lie in integration

of chemical and biological control.

Allowing the parasite population to build up rapidly as early in

the season as possible would be of great value. This may be accom-

plished by maintaining the parasite population on weeds or crops grown

outside the normal growing season. This is applicable to south Florida,

especially since year-round cultivation of crops is possible. The

application of selective insecticides for control of the Lepidopterous

pests only when needed instead of on the basis of a regular application

schedule -would be very beneficial to the leafminer's natural enemies

since it would aid in the buildup of parasite populations.



CHAPTER III

MECHANICAL DEFOLIATION OF THE TOMATO, Lycopersicon
esculentum MILL. CV. WALTER, AND ITS EFFECT

ON YIELD AND FRUIT QUALITY

Introduction

Several important tomato pests are foliage feeders although many

of them inflict damage directly to the fruit as well. Reduction of

marketable yield is, therefore, not solely related to the amount of

foliage consumed. Damage by the vegetable leafminer, Liriomyza sativae

Blanchard, in contrast, is restricted to the leaves and the injury is

different from that caused by most foliage feeders. Only the leaves'

mesophyll is consumed (even the spongy tissue remains for the most part

untouched) leaving both upper and lower epidermis intact. The presence

of a large number of leafminer larvae within one leaf may result in such

a serious impairment of the functions of this plant organ that leaf

death and subsequent abscission occurs. In addition to this type of

damage, yellowing and necrosis of the leaf tissues in the mines'

vicinity may occur, even if the larval population is small, again

possibly resulting in abscission of the entire leaf. It is clear that,

in the case of serious leafminer infestations, partial or even complete

defoliation of tomato plants may occur.

In recent years the population of the vegetable leafminer has become

sc large that growers consider this insect as their most serious pest

20
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(Pohronezny et al . , 1978b). Because of the clearly visible damage

inflicted on tomato plants, a negative effect on the yield is often

suspected. However, it has been shown repeatedly that consumption

of leaves and other plant tissues by insects does not necessarily

reduce plant vigor or reproductive capacity (Harris, 1972). In

fact, Harris (1974) suggested that sometimes a certain density of

"pest" insects may be required for a crop to attain its maximum yield.

Potato yield increase following partial defoliation has been

demonstrated (Skuhravy, 1968). Despite many attempts to find a

correlation between leafminer damage and tomato yield no consistent

results were obtained. Naturally occurring leafminer populations and

insecticide-induced populations have been found to have no significant

effect on tomato yield (Levins et al
.

, 1975; Schuster and Everett, 1977;

Johnson et al . , 1980a, b) although in some fields and in some years yield

reduction was found (Wolfenbarger and Wolfenbarger, 1966; Schuster et

al., 1976).

Many references have been made to serious leafminer damage of

cultivated plants (Spencer, 1973a; Spencer and Stegmaier, 1973) but only

on a few occasions has an indirect reduction of yield of a crop plant

been demonstrated. A loss in cash value of plants which are grown for

their foliage is obvious. These crops include foliage ornamentals,

celery (Mus grave et al . , 1976), cabbage, lettuce (Musgrave et al., 1975),

and alfalfa (Jensen and Koehler, 1970).

The greatest damage by leafminers is often considered to be done

to seedlings or young plants which, as a result of weakening, may die

or become stunted (McGregor, 1914; Elmore and Ranney, 1954; Adlerz, 1961).

Severe damage by leafminers to cantaloups, resulting in complete crop
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loss (Hills and Taylor, 1951), and to honeydew melon, resulting in

reduction in yield and fruit quality (Michelbacher et al . , 1951), have

been reported.

Defoliation by means other than insect injury has also been found

to have varying effects on fruit production in tomato. The various

levels of defoliation caused by Alternaria blight controlled to

varying degrees with fungicides, appeared not to be correlated with

tomato yield (Richards, 1947). Defoliation by Xanthomonas vesicatoria

(Doidge) Dows. resulted in significant reduction of fruit size

(Pohronezny et al . , 1978a). One commercial variety of tomato could

withstand considerable foliar damage due to ozone exposure for a

long period of time (Oshima et al . , 1975) without significant

reduction in fruit size, weight or number, even though the fresh

weight of stems and leaves was lowered by 27%. Even a decrease in

fresh weight of 62% seemed to have minimal effects on yield.

Mechanical defoliation of tomato plants to study its effect on

yield has been performed several times. Wiebe (1970) found a

significant yield reduction in greenhouse tomatoes, when all except

the top 2 feet of leaves were removed, when compared to plants with

only the senescent leaves taken off. Selective removal of over-

lapping leaves had no effect on yield. A yield reduction, especially

in the largest fruit size categories was found as a result of

repeated defoliation at high levels (60% or more) in staked tomatc

plants (Jones, 1980).

The effects of mechanical defoliation on yield and fruit

quality of unstaked tomatoes, as they are grown commercially in

Dade County, Florida, have not previously been studied.
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Actual damage to tomato plants by the leafminer-disease complex

occurs gradually, sometimes over a considerable period of time.

Exact duplication of this damage is virtually impossible so that

simulation by mechanical defoliation may not show the effect of

natural defoliation completely (Capinera and Roltsch, 1980).

The study presented here was undertaken to determine:

(1) the times at which unstaked tomato plants are most

sensitive to defoliation,

(2) the damage threshold at which unstaked tomato plants

will show significant loss in yield and fruit quality

when

(a) defoliated only once, and

(b) defoliated repeatedly.

Materials and Methods

General

Tomatoes, cv. Walter, were planted in 1977 and 1978 at the

University of Florida Agricultural Research and Education Center in

Homestead, Dade County, Florida. After metribuzin was incorporated

into the soil at a rate of 0.84 kg ai/ha, seedbeds were prepared in

groups of seven with their midlines 182 cm apart. Irrigation pipes

with frost protection nozzles were set en the middle bed. The other

beds were fertilized with 7-14-14 at a rate of 2242 kg/ha placed in

two bands 30 cm apart. For the spring crop of 1978 and the spring

crop of 1979 the beds were fumigated with Dowfume MC33^ at a rate

of 314 kg/ha; for the fall crop of 1978 the rate was 247 kg/ha.
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Immediately after the fumigation, the beds were covered with plastic

mulch, and, simultaneously, drip tubing for irrigation was placed

approximately 15 cm in the soil below the plastic. Tomato seeds were

planted with a seed drill 30 cm apart in the rows. One to two weeks

after emerging the seedlings were thinned to one plant per hill.

The foliage was removed by cutting the leaves off at the distal

end of the petiole with scissors. The fresh leaf weight was consistent-

ly found to be highly correlated to the total leaf area (Romshe, 1939).

For the one-time defoliations the fresh weight of the foliage removed

from the completely defoliated plants was used as a reference for

removal of the correct amount from the other plants to be defoliated.

From all but the outer two plants of each plot all mature green

and colored fruit was harvested three times except for the spring crop

of 1979 which was harvested only twice because of poor fruit set. The

first harvest was initiated when approximately 5% of all fruit present

showed color. The fruit was then graded into USDA grade 1 or 2 after

all culled fruit had been removed. These were then sized as extra large,

large, medium, small, and very small according to the measurements given

in Table 2. The culled fruit was subdivided into several types:

misshapen, blemished, sunscalded, decayed, damaged by insects or slugs,

and showing gray wall.

One-Time Defoliation

The defoliation experiments were conducted utilizing a split-plot

randomized complete-block design. Rows were assigned at random within

each of the 4 blocks for defoliation at one particular time.

Defoliation levels were assigned at random to the subplots within each
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Table 2. Size ranges and mean weights of the size categories
of 'Walter' tomatoes.

Size
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whole plot (row). Each subplot consisted of 12 plants in the spring

crop of 1978, of 22 plants in the fall crop of 1978 and of 17 plants in

the spring crop of 1979. Each subplot of plants except for the control

group was defoliated only once, and those in each row in a block on a

different date. Defoliation levels investigated were total (= 100%),

20%, 40%, 60%, and 80% starting from the top of the plant (
= 20% upper

or 20U; 40% upper or 40U; etc.), or 20%, 40%, 60%, and 80% starting

from ground level (= 20% lower or 20L; 40% lower or 40L; etc.).

Yield data were analyzed and comparisons with the control were

made as a two-sided test using the Dunnett's procedure (Steel and

Torrie, 1960).

Experiment 1 . Spring crop 1978. The tomato seeds were planted

on November 3, 1977. Beginning November 10, 1977, pesticides were

applied twice weekly by a high volume, low concentrate boom sprayer.

The insecticide permethrin (FMC 33297) was used at alternate rates of

.056 kg ai/ha and .112 kg ai/ha. The fungicide applied simultaneously

with the insecticide was either chlorothalonil (Bravo^ at a rate of

1.58 kg ai/ha or mancozeb (Dithane M45^ at a rate of 1.34 kg ai/ha.

Form-a-Turr^ was applied at a rate of 7.02 1 /ha when bacterial

diseases threatened (Pohronezny et al
.

, 1979).

The times of defoliation were: 30 days after planting, 40 days

after planting and so on with 10 days intervals up to and including

100 days after planting. The levels of defoliation were: 100%,

80% upper, 80% lower, 50% upper, 60% lower, 40% upper, 40% lower,

20% upper, and 20% lower.

Harvesting was done between February 14, 1978, and March 23, 1978.
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Experiment 2 . Fall crop 1978. The tomato seeds were planted on

September 13, 1978. A mixture of permethrin (Ambush^ at a rate of

.112 kg ai/ha and either chlorothalonil at 1.68 kg ai/ha or mancozeb

at 1.34 kg ai/ha was applied weekly, and Form-a-Turr^on demand as in

Experiment 1.

The times of defoliation were: 30 days after planting, 40 days

after planting and so on with 10 day intervals up to and including

80 days after planting. The levels of defoliation were 100%, 80% upper,

80% lower, and 60% upper.

Fruit was harvested between December 8, 1978, and December 28, 1978.

Experiment 3 . Spring crop 1979. The tomato seeds were planted on

December 28, 1978. Pesticide applications were made at the same schedule

and rates as in Experiment 2. Due to the yery poor stand of the crop

only a limited area of the field could be used. The number of

defoliations, therefore, had to be limited. The times of defoliation

were: 70 days after planting, 80 days after planting, and 90 days after

planting. The levels of defoliation were: 100%, 80% lower, 60% lower,

and 40% lower.

Fruit was harvested between April 23, 1979, and May 2, 1979.

Repeated Defoliation

The defoliation experiments were conducted on the fall crop of

1978 using a randomized complete-block design. Defoliation levels were

assigned at random within each of the 3 blocks. Plants were treated on

several days by removing the required percentage of the foliage present

on the day of defoliation from the appropriate part of the plants. Each
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plot consisted of 22 plants. One plot in each block was not mechanically

defoliated and functioned as the control.

The tomato seeds were planted on September 13, 1978. Pesticide

applications were made as described in Experiment 2.

Fruit was harvested between December 8, 1978, and December 28, 1978.

Experiment 4 . Tomato plants were partially defoliated at 30, 50,

and 70 days after planting. The levels of defoliation were 60% lower,

40% upper, 40% lower, and 20% upper.

Experiment 5 . Tomato plants were partially defoliated ewery 10

days, for the first time at 30 days after planting and for the last time

at 80 days after planting. The levels of defoliation were 40% upper,

40% lower, and 20% upper.

Gross Revenue Computation

The computation of the gross income per hectare was based on the

total amount of marketable fruit harvested in the first two pickings

in the sizes extra large, large, medium, and small. The prices used

for each size are listed in Table 3, and are based on market prices

in the season 1978-79 for Dade County, Florida.

Results

Experiment 1

Defoliation from mid-season on had a striking effect on the fruit

set if the defoliation levels were 60% upper, 80% or 100%. In nearly
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Table 3. Prices in dollars per 13.6 kg box of tomato fruit of the
four main size categories and two grades.

Grade

US DA 1

US DA 2

Size Low Medium High
category price price price

small
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all these cases fruit set was significantly reduced to below that of the

control (P < 0.05). The most severe reduction was at the 100% level at

the beginning of the last third of the growing season (Table 4). Early

defoliation had no significant effect on fruit set.

The analyses of all the extra large fruit harvested in both first

and second pickings (Tables 5 and 6) and of the large fruit harvested

in the second picking only (Table 9), showed that ^ery few treatments

resulted in significant yield reductions in these size categories. The

variation among the usually small number of fruit in these sizes was

large. Combining the yields of the two largest fruit categories also

did not reveal any significant reductions (Table 12). Whenever

defoliation took place the yield of the large fruit and the combination

of the two largest fruit classes showed significant reduction in many of

the highest levels of defoliation in the first harvest (Tables 8 and 11).

The plants were especially sensitive to leaf removal early in the first

half (30 days after planting) and early in the second half (60 to 80

days after planting) of the season. The amount of medium size fruit,

especially in the first picking, was affected by defoliation at any

level during the last few weeks before harvesting (Table 14). Generally

speaking defoliation earlier in the season, of 60% or higher led to

serious yield reduction in both first and second pickings (Tables 14 and

15).

Plants defoliated 30 days after planting at the three highest

levels still showed lush growth at the time of the harvests while

leaves of the other plants were senescent to varying degrees. Analysis

of variance of the fresh weight of all above ground parts of the plants

most severely defoliated at 30, 60 and 100 days after planting, after
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all fruit had been removed, showed a significantly higher value for the

plants defoliated early in the season than for the plants in the control

(Table 17). No significant difference was found in any of the other

times or levels of defoliation tested.

The analysis of the gross revenue per hectare (Tables 18 and 19)

illustrate the detrimental effect of high levels of defoliation

(60% or more) carried out at any time during the season. In the first

harvest losses can also be expected to occur if the foliage loss takes

place late in the season even at lower levels.

The average weight of all marketable fruit was significantly

reduced only in the first harvest for the 80% upper and 100%

defoliations 30 days after planting. The total weight of all marketable

fruit showed a reduction pattern yery similar to that of the gross

revenue pattern, the latter based on different prices for the various

size categories (compare Tables 18 and 20, and Tables 19 and 21). For

both first and second harvests and for all price ranges a highly

significant correlation exists between the two variables, total weight

and gross revenue.

No treatment resulted in significant increases or decreases in the

weight of the culled fruit in the first two harvests or in any

particular cull category. Only in the third picking there were

significantly more misshapen fruit present on plants defoliated at the

80% and 100% levels early in the season (30 and 40 days after planting).

In many cases where defoliation significantly reduced the fruit

weight, this reduction was more noticeable in the US DA grade 1 fruit

than in the US DA grade 2 fruit, especially in the two largest fruit

categories (Tables 5, 8 and 11).
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If the data from the first two harvests are combined (Tables 7, 10,

13 and 16) the impact of mechanical defoliation on the grower's yield

can be summarized. It shows that the effect is most pronounced in the

plants at first harvest. However, increases in the second harvest

tend to compensate for the loss in yield in the first.

Experiment 2

In the first harvest the weight of both the extra large (Table 22)

and the large fruit (Table 24) was significantly reduced by defoliation

in the first month of the season at all levels investigated and in the

second month of the season only at the 100% level. No effect at all

was noted for defoliation in the last month of the season except a

possible yield increase. In the second harvest no significant yield

reduction in the extra large fruit was observed (Table 23) while the

weight of the large fruit was reduced significantly (Table 25)

especially in the very high levels of defoliation (80% or more) in the

last two months of the season. The 60% upper defoliation had a

significant effect on the USDA grade 1 fruit only, the most severe

reduction occurring from defoliation at 50 days after planting.

Analysis of the combination of the two largest fruit sizes

(Tables 26 and 27) summarize the differences in effects of defoliation

in the first two harvests.

A reduction in the weight of the medium sized fruit as a result

of foliage removal occurred only in the second harvest (Tables 28 and 29)

The reduction pattern was very similar to that of the large fruit.

Analysis of both the total weight of all marketable fruit and of

the gross revenue per hectare show significant reductions at defoliation
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levels and times at which the weight of the extra large and large fruit

was also reduced (Tables 30 and 31; Figures 1 and 2). As in

Experiment 1 a very close correlation existed between the total fruit

weight and the gross revenue based on different prices for different

size categories.

From combining the total yields of the first two harvests

(Figure 3) it appears that the only significant reduction due to 50%

defoliation occurred in plants defoliated 50 days after planting.

The average weight of all marketable fruit was significantly

reduced only in the first harvest by 100% defoliation of the tomato

plants 50 days after planting. In the second harvest no

significant reductions were found.

The weight of all culled fruit together in any of the treatments

showed no significant difference from the control in any of the

harvests. However, more sunscalded and decaying fruit were present

on plants defoliated 15 days before the first harvest at the 30% and

100% levels. Defoliation at 80 days after planting also resulted in more

decaying fruit when 80% or more of the foliage was removed from the

plants.

Experiment 3

Since only late-season defoliations could be examined for effects

on yield and fruit quality, differences in reduction patterns as found

in the first two experiments could not be verified. In fact, analysis

of the weight of the various fruit sizes, total weight, and gross

revenue revealed only very few significant reductions when compared to

the control

.
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No significant differences in the weight of the extra large

fruit was detected (Figure 4). No extra large fruit was harvested

in the second picking.

The weight of the large fruit was only reduced significantly

by defoliating plants 80 days after planting at the 100% level

in the first picking, while in the second picking the reduction

was only significant when the plants were completely defoliated

90 days after planting (Figure 5). The latter was also the case

for the weight of the medium size fruit in the second harvest

(Figure 6).

Combining the weight of all extra large and large fruit for

analysis showed a reduction by complete defoliation 70 days or

80 days after planting (Figure 7).

Both the weight of all marketable fruit (Figures 8 and 9)

and the gross revenue per hectare (Tables 32 and 33) were signif-

icantly reduced by 100% defoliation at 80 or 90 days after planting.

Total weight of the culled fruit was not significantly different

between any of the treatments and the control. The weight of the

culled fruit as a percentage of the total marketable fruit plus

culls was significantly higher only in the second harvest if the

tomato plants were completely defoliated 80 or 90 days after planting.

Significantly more sunscalded fruit occurred on plants defoliated 90

days after planting at the 60% and higher levels of defoliation.

Weight of the decaying fruit was significantly greater than the control

in plants completely defoliated 70 or 90 days after planting in the

first picking.
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Experiment 4

When tomato plants were defoliated three times during the

growing season, the threshold for reduction in fruit weight per

plant in several size categories was lower than that found in

one-time defoliation experiments.

Analysis of all extra large fruit in the first harvest showed

that the repeated removal of 40% from the upper part and 60% from

the lower part of the foliage of the tomato plants had the same effect

on yield in this fruit size. Removal of 40% of the foliage starting

at soil level also reduced the yield, but not as severely (Figure 10).

In the second harvest significant differences in the yield of

extra large fruit also occurred (Figure 10) but because of the low

total yield in this size category its effect on the overall fruit

yield in this harvest was negligible (Figure 14).

The yield of large fruit in the first harvest was also signifi-

cantly reduced at some defoliation levels (Figure 11) but not as

severely as that of the extra large fruit. The effect of defoliation

on the yield in the two largest size categories is summarized in

Figure 12.

Reduction in the weight of the medium size fruit in the first

(Figure 13) had only a minimal effect on the total yield (Figure 14).

In the second picking the increase in the weight of medium size fruit

and large fruit accounted for the significant increase of the total

yield.

The total yield of the first two harvests was not significantly

reduced by defoliation at any level (Figure 15) while the combined

weight of all extra large and large fruit was significantly reduced

only at the 60% defoliation level.
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Experiment 5

Frequent defoliation of tomato plants resulted in a reduction of

the yield of extra large fruit at all levels tested (Figure 16) and of

the large fruit at the 40% level (Figure 17) in the first harvest only.

Reduction was evident in all defoliation levels when the two largest

size categories were combined for analysis (Figure 18).

The yield of the medium size fruit was only significantly reduced

as a result of removal of 40% of the foliage from the upper part of the

plants (Figure 19).

In no size category was a yield reduction observed in the second

harvest.

The total yield loss as a result of repeated defoliation (Figure

20) was mainly caused by the fewer extra large and large fruit harvested

and although in the second harvest no significant differences were

observed, the larger fruit weight removed from the plants at that time

compensated for the lesser weight harvested in the first, since

combining the yield of the first and the second harvests showed no

significant differences (Figure 21).

Discussion

Defoliation of unstaked tomato plants revealed a changing

sensitivity to this type of damage in the course of their development

as was demonstrated for potato by Skuhravy (1968) and sugarbeet by

Capinera (1979).

Damage early in the development, before or at anthesis, when most

of the metabolic activity of the plant is directed at vegetative
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Table 17. Influence of defoliation of 'Walter' tomato plants on the

mean fresh weight of all above ground plant parts, excluding
fruit, at the time of completion of the third harvest of the

spring crop of 1978.

Defoliation

Mean fresh weight per plant (in grams

)

a '

Time of defoliation (in days after planting)

lever 30 60 100

80% lower

80% upper

100%

11062*
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Table 18. Gross .revenue in dollars per hectare of 'Walter' tomatoes
based on all marketable fruit of sizes extra large through
small. Influence of defoliation on the first harvest of
the spring crop of 1978.

Defoliation
level

Price

range
c

Gross revenue in dollars per hectare

Time of defoliation (in days after planting)

30 40 50

20% lower
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Table 18. Extended
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Table 19. Gross revenue in dollars per hectare of 'Walter' tomatoes
based on all marketable fruit of sizes extra large through
small. Influence of defoliation on the second harvest of
the spring crop of 1978.
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Table 19. Extended
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Table 32. Gross revenue in dollars per hectare of 'Walter' tomatoes
based on all marketable fruit of sizes extra large
through small. Influence of defoliation on the first
harvest of the spring crop of 1979.

Gross revenue in dollars per hectare
c

Time of defoliation (in days after planting)
Defoliation

level
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Table 33. Gross revenue in dollars per hectare of 'Walter' tomatoes
based on all marketable fruit of sizes extra large
through small. Influence of defoliation on the second
harvest of the spring crop of 1979.
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significantly different weights (P < 0.05), Duncan's
multiple range test. For an explanation of the defoliation
level codes see page 26
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Columns not marked by the same letter represent significantly
different weights (P < 0.05), Duncan's multiple range test.
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harvests (3 defoliations). Columns not marked by the same

letter represent significantly different weights (P < 0.05),
Duncan's multiple range test. For an explanation of the

defoliation level codes see page 26
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Columns not marked by the same letter represent
significantly different weights (P < 0.05), Duncan's
multiple range test. For an explanation of the defoliation
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of the defoliation level codes see page 26.
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development, seriously slowed its growth. Defoliation at that time may

also affect the initial stages in ovary and embryo development

resulting in reduced sizes of the fruit. Although Houghtaling (1935)

postulated that the ultimate fruit size is determined early in its

development, defoliation around mid-season, both in Experiments 1 and 2,

resulted in a reduction of the fruit size. This observation suggests

that mid-season is a critical time for photosynthate mobilization to

growing fruit. Defoliation of the tomato plants at the lower levels

(20% to 60% near the soil level) has little, if any, effect on fruit set,

development or quality, especially when it occurs in the first two

months of the season. It appears that the foliage remaining on the

plant is capable of synthesizing sufficient amounts of nutrients

necessary for the normal development of the fruit. Since the foliage

of unstaked tomato plants is normally very dense, the lower leaves

which are approaching senescence toward the middle of the season will

not contribute significantly to the plant's net photosynthesis. They

are probably even beyond the compensation point, using more

photosynthate than they produce. The upper 20% to 40% of the foliage

has in fact been shown to account for more than half of the net

photosynthetic activity of entire tomato plants (Acock et al . , 1973),

since the upper leaf layers obviously intercept and utilize the largest

amount of light. In addition, defoliation has been found to have a

stimulatory effect on the remaining leaves, possibly even resulting in

an increase of 30% to 50% of the exported photosynthates (Khan and

Sagar, 1969). The amount of nutrients entering the fruit apparently

also increased. The leaves remaining on the plant after many have died

due to leafminer infestation and subsequent disease development are,
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therefore, well able to compensate for the loss of photosynthetically

active leaf area.

Removal of foliage from the tomato plant has an influence on both

temperature and air flow within the canopy. Especially high levels of

defoliation expose a large amount of the fruit to more direct sun

radiation. Subsequent temperature increase may influence the metabolic

equilibrium within the fruit, hastening the ripening process, whereas

under normal conditions division and enlargement of the pericarp cells

still would be the most important activities in the fruit. This

temperature effect will have an especially profound effect when the

ripening process is well under way, towards the end of the season and

the plants 1 energy production is almost entirely directed toward

reproductive development. Replacement of vegetation removed is then

negligible and damage to the fruit by sunscald and decay becomes more

likely. Sunscald may not occur if defoliation is a week or less before

harvest but the ripening process will still be favored over cell

enlargement. Yield loss due to sunscald may be prevented if the fruit

can be harvested earlier than normal although this would only be

applicable if the entire field were defoliated to the same extent and

there were no border effects.

If the defoliation is serious enough to expose a large number of

flower clusters to direct sun radiation, fertilization may be affected.

Shading has been shown to affect the percentage of misshapen fruit,

higher levels of shade increasing this percentage (Marr and Hillyer,

1968). On the other hand, exposure may mean temperature increases to

levels where fruit set may be affected (Marlowe, 1977). Inadequate

fertilization will cause poor 1 ocular jelly development and the
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resulting fruit will be misshapen. This may explain not only why the

total weight of culled fruit did not drop proportionally to the total

yield (Tables 20 and 21) but also why yield reductions usually occurred

in the USDA grade 1 fruit and not in the grade 2 fruit. The combination

of these two effects could compensate each other and, although changes

in fruit number and quality of an entire plant will be affected, the

number of marketed fruit would remain the same.

Since the leafminers usually attack the lower and middle leaves

first (Wilcox and Howland, 1952) their effect on net photosynthesis will

be minimal. The younger leaves which are the most important to the plant

and the removal of which would harm the plant more than the removal of

the lower ones (Harper, 1977), are normally only slightly damaged. Only

in case of yery serious outbreaks of the vegetable leafminer will the

mine intensity in the upper portion of the plant increase dramatically

and pose a threat to fruit production.

Repeated defoliation at lower levels (20% to 60%) does as much harm

to the tomato plant as a high level defoliation does over a short period

of time when considering the first harvest. Vigor and transpiration are

affected more often and the plant will have to divert a large portion of

its energy supply to the healing process, delaying development of both

vegetative growth and fruit development. In comparison to similar foliar

damage in staked tomatoes one would expect less reduction of fruit yield

in the unstaked plants. That at least 60% of the foliage has to be

removed to significantly reduce yield of staked 'Walter' tomatoes

(Jones, 1980) is probably due to the fact that in Jones' experiments

no damage was inflicted to the plants in the especially sensitive pre-

bloom period. The minimal reduction of total yield in the repeated
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defoliation experiments in this study shows that the overall response of

the tomato plants to defoliation is very similar in staked and unstaked

tomatoes. However, continuous leaf abscission due to infection of even

small numbers of leaf mines is a more gradual process than repeated

mechanical defoliation and may, therefore, be less detrimental to the

plant.

A reduction in the weight of extra large and large fruit is the

most serious effect of high levels of defoliation at different times.

Since these two largest fruit sizes account for the largest portion of

the grower's revenue from the tomato crop, a reduction in their weight

will affect his total income from the tomato harvest most. When

comparing the influence of defoliation on yield of all extra large and

large fruit with that on gross revenue (Tables 11 and 18; and Tables 26

and 30), the importance of these fruit sizes to growers is obvious.

Although the weight of the medium size fruit may also be reduced,

the effect of this reduction is a relatively small component of the

total yield. As a result, a significant reduction in total yield

corresponds to a significant reduction in gross revenue so that, from a

practical point of view, total yield data give a very good indication

of the gross revenue a grower may expect from his tomato crop.

In the present study all marketable fruit, irrespective of its

position within the canopy was harvested for further analysis. In a

tomato grower's field this may not be the case. Pickers will easily

overlook some mature fruit, especially the smaller sizes, if the plant's

foliage is very dense. Defoliation resulting from leafminer infestations

followed by disease development, especially in the last weeks before

harvest may therefore be an advantage. Even if the actual fruit set is
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reduced and the absolute number of extra large and large fruit is less

than that of non-defoliated plants, the amount of fruit picked from the

defoliated plants and shipped for further processing may well be equal

or even greater than that originating from healthy plants. In fact the

use of defoliants to increase the number of fruit picked has been

suggested (Vittum, 1957).

Considering the differential sensitivity to defoliation in the

course of the development of the tomato plants, the economic threshold

of the leafminer varies during the season. Monitoring of the

infestation levels is especially advisable early in the season and at

mid-season.

Conclusion

Depending on the time and the frequency of leafminer outbreaks,

the effect of defoliation, resulting from infestation of tomato plants,

on both fruit yield and quality varies. Low levels of defoliation are

tolerated very well by the tomato plants since the remaining foliage,

which nearly always consists of actively photosynthesizing tissue, is

responsible for nearly all the nutrient supply necessary for fruit

development. Even occasional intermediate defoliations do not result

in yield losses because of an increase in photosynthetic activity of the

remaining foliage. Repeated defoliation at intermediate levels can be

detrimental to yield and quality of the tomatoes because of more

continuous interference with the plants' metabolism and diversion of the

energy supply from the fruit to the vegetative parts of the plants in

order to optimize its photosynthetical ly active leaf area. Before and
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at anthesis, the removal of foliage interferes most with subsequent

fruit development because of possible growth delay and impaired

fertilization. At mid-season increased sensitivity to defoliation also

occurs when interference with nutrient translocation from the leaves to

the fruit is ^ery important.

Near harvest the fruit is especially sensitive to radiation

exposure which may result in sunscald or decay or both. At this time

the reduction of the fruit weight will in practice be offset by the

larger number of fruit harvested by pickers because of the greater ease

with which the fruit can be located and, therefore, the greater speed

with which the pickers can fulfill their set quota.

The following recommendations can be made to the grower. If the

defoliation level of the lower canopy in the period before bloom exceeds

30%, specific insecticidal treatment for leafminer control should be

applied. After bloom, no control measures need be undertaken until

defoliation exceeds the 50% level. If, after specific insecticidal

treatments for leafminer control have been applied, a further defoliation

of 10% or more occurs, additional treatments are indicated. In general,

if defoliation levels throughout the season do not exceed 30% in the lower

canopy, no specific insecticidal treatments for leafminer control are

warranted.



CHAPTER IV

MICRO-ORGANISMS ASSOCIATED WITH MINES OF

Liriomyza sativae BLANCHARD

Introduction

In several crops leaf mines have frequently been observed to be

the center of an area characterized by yellowing, necrosis, or both.

Leaf mining insects occur in a very large number of plant species

(Needham et al . , 1928; Hering, 1951; Spencer, 1973a) and have been

reported to cause various kinds of damage to the leaves. Relatively

few reports have been made suggesting that these symptoms were associat-

ed with organisms other than the leaf mining insects themselves. The

mines have been recognized as niches with an ideal environment for the

development of fungi and other micro-organisms, mainly as parasites of

the larvae (Hering, 1951). Discoloration of the mines and the leaf

tissues in their vicinity has been explained by decay of portions of

the tissue, by substances produced by either host plant or leafminer

larvae, or by the undernourishment of some cells adjacent to the mine

(Hering, 1951).

Wounds created by the piercing of the leaf epidermis by leafminer

adults have been suggested as ports of entry for saprophytic micro-

organisms (Portier, 1930; Hering, 1951) and plant pathogens (Eichman,

1943; Spencer, 1973a; Andaloro and Peters, 1977; Kamm, 1977). A

relation between leaf damage by mining insects and subsequent disease

115
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development has been shown for needle blight and Cecidomyid gall midges

which mine red pine needles (Haddow and Adamson, 1939; Haddow, 1941),

citrus canker and the citrus leafminer, Phyllocnistis citrella Stainton,

which mines leaves of rough lemon (Sohi and Sandhu, 1968), and celery

heart rot and the miners Scaptomyza g rami n urn and Elachiptera costata

which mine the petioles of celery plants (Leach, 1927).

A very large number of micro-organisms may be present in the

phylloplane of plants (Dickinson, 1976) the majority of which reaches

the leaf by wind or rain (Gregory, 1971). Leafminer adults have been

shown capable of transmitting pathogenic viruses (Costa et al . , 1958;

Zitter and Tsai , 1977) and bacteria (Leach, 1927; Singh et al . , 1977).

The objectives of this study were to

(1) identify the organism or organisms responsible for the

yellowing and necrosis associated with leaf mines in

tomato,

(2) identify any micro-organisms, especially fungi, associated

with both healthy leaves and leaves mined but not showing

any disease symptoms, and

(3) find possible associations of the pathogen(s) with the leaf-

miner adults.

Materials and Methods

Isolation from Leaves

Leaves were collected in a number of commercial tomato fields in

the Homestead area of Dade County, Florida. Tomato plants of the
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cultivar Walter growing either on open ground or on plastic mulch were

sampled. Care was taken that the leaflets collected for isolations did

not show any signs of senescence so that the yellowing associated with

the mines was not the result of natural deterioration of the leaf

tissues. Leaflets which were mined but did not show any yellowing as

well as healthy leaves were collected from comparable areas within the

plant canopy.

Surface sterilization was carried out in two ways. One was by

cutting discs with a diameter of approximately 3 mm out of the leaf

with a cork borer, immersing these in a 1% sodium hypochlorite solution,

containing 1 drop of Tween-20 per 100 ml, for 1 to 2 minutes followed

by three rinses in sterile distilled water. The other method used

consisted of gently rubbing both leaf surfaces with a cotton swab soaked

in 70% ethyl alcohol for 2 to 3 seconds, followed by cutting leaf discs

as described above. The latter method proved more consistent and

resulted in fewer contaminated cultures than the first, and, therefore,

was employed more frequently.

The discs were cut from diseased leaves in such a way that they

contained both yellowed and healthy tissue, or yellowed and necrotic

tissue plus a very small portion of the mine. Discs from non-yellow

mines were cut to contain apparently healthy leaf tissue plus a very

small portion of the mine. Healthy leaves were cut in areas

comparable to those where leaf mines occurred in the infested leaflets.

The discs were transferred onto potato dextrose agar (PDA)

containing 100 ppm streptomycin sulphate and 150 ppm benomyl in petri

dishes (PSBA plates). Benomyl was added because it has been shown

ineffective in controlling the disease associated with the leaf mines.
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The dishes were examined for fungal growth originating at the discs

after 3 to 4 days of incubation in the dark at 25°C. Individual colonies

were then transferred to PDA plates, a process which was repeated, when

necessary, to obtain pure cultures. Any bacterial colonies arising from

leaf discs were also transferred to PDA dishes. All cultures were

incubated for 1 to 2 weeks in the dark at 25°C. When the fungal mycelium

covered approximately 60% of the agar's surface, the cultures were

exposed for alternating periods of 12 hours to U.V. radiation and to

darkness for three days in order to induce sporulation.

Pathogenicity Tests

Tomato plants of the cultivar Walter were grown at a temperature

of 21 + 1 C in a growth chamber in pots containing a peat:vermiculite

(1:1, v/v) mixture.

Fungal tests .

Of the fungal cultures obtained by isolation from yellowed mines,

8 were chosen for pathogenicity tests; of those from non-yellowed

mines, 4 were tested. These isolates were inoculated on the third or

fourth oldest leaf of 30-50 cm tall plants. Some of the tomato leaflets

were wounded with a mounted needle before inoculation. Inoculum was

obtained by scraping the surface of 1 month-old cultures with a sterile

ni chrome wire loop and then flooding the dishes with 10 ml sterile

distilled water. The largest mycelial fragments were removed by

filtering the suspension through two layers of cheesecloth. Half of the

filtrate was diluted by adding an equal volume of distilled water, while

to the other half an equal amount of a 1% (w/v) sucrose solution was
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added. Thirty two tomato plants were divided into 8 treatment groups

with 4 plants in each group. The leaflets were sprayed with a hand

atomizer (Table 34). The leaflets were then allowed to dry and

enclosed in a plastic bag for 24 hours to maintain high humidity. The

plants were examined 4 to 6 days after inoculation for the development

of disease symptoms.

Bacterial tests .

Inoculation was carried out on plants similar to those used in the

fungal tests. Again 8 cultures originating from diseased mines were

tested. Bacterial suspensions were obtained by flooding petri-dish

cultures with distilled water. The suspensions were then cotton-

swabbed on the upper surface of both the wounded and unwounded leaflets

of four different plants for each treatment. The inoculated leaflets

were subsequently wetted with distilled water by a hand atomizer and

then enclosed in plastic bags for 24 hours. The plants were examined

for necrotic lesions with yellow halos 6 to 8 days after inoculation.

Isolation from Flies

Adult female leafminers ovipositing on tomato leaves in the field

were aspired into sterile plastic vials. Of these flies some were

released into a petri dish containing PSBA in the laboratory, one fly

per dish, and allowed to move around for 15 minutes. Other flies were

surface sterilized in groups of 5 as described by Noble et al . (1978)

and crushed in 3 ml sterile water. Of the resulting suspension 1 ml was

then plated on PSBA in petri dishes which subsequently were incubated

in the dark at 25°C. Pure culture of any fungi developing on the piates
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were obtained and their speculation achieved as with the leaf disc

isolates described above.

Results

Symptoms

The symptoms developing around the infected portion of the mine

varied considerably. In some cases the diseased area was rather small,

approximately 2 to 3 mm in diameter, and consisted of necrotic tissue

surrounded by a narrow, often faint, yellow halo. Occasionaly yellowing

of up to 75% of the entire leaflet area was symptomatic. No necrosis

was then evident except in the leaf mine itself. Most infected mines

showed symptoms somewhere between these two extremes. On a few

occasions two separate zones of necrosis and yellowing were associated

with the same mine.

Very rarely was the entire mine surrounded by a chlorotic or

necrotic zone. If the leaflet was severely mined and more than one mine

was infected, a shriveling of the infected area or death of the entire

leaflet often resulted.

The percentage of mines with yellow tissue varied from 5.0% to

88.9/0 per plant in 1978 in one field of the Homestead Agricultural

Research and Education Center.

Isolations from Leaves and Flies

^Jery few fungi were isolated from surface sterilized, apparently

healthy leaflets (Table 35). Surface sterilization with ethyl alcohol

resulted in fewer isolates obtained than with sodium hypochlorite.
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AT tern aria spp. and Cladosporium spp. were the most frequently

encountered organisms.

Non-yellowed leaf mines apparently harbor a variety of saprophytic

micro-organisms, Alternaria spp. and Cladosporium spp. being the most

common (Figure 36). Only one of the four cultures, all Alternaria ,

isolated from non-yellow mines and tested for pathogenicity, incited

faint yellowing of a small area of the inoculated leaflets. The other

three isolates incited no disease symptoms at all.

The organism most frequently isolated from diseased mines was

Alternaria (Table 37). Of the isolates tested for pathogenicity,

seven were Alternaria alternata (Fries) Keissler (= A. tenuis Nees,

Neergaard, 1945). All of these incited symptoms which were similar

to those observed in the field and occurred only on wounded leaflets if

the inoculum contained sucrose. Subsequent reisolation invariably result-

ed in the same fungus originally used for the inoculation. The other

fungal isolate tested, Stemphylium sp. , did not incite any symptoms in

any of the tests. All bacterial isolates, which had yellow colonies

on both PDA and PSBA, tested for pathogenicity resulted in development

of small lesions. The largest number of bacterial isolations, from

fields 2 and 5 (Table 37) coincided with the prevalence of bacterial

spot on many tomato plants in those fields.

Exposure of PSBA to live flies resulted in only a few fungal

cultures (Table 38). Surface sterilization produced even fewer, ethyl

alcohol apparently killing all conidia and mycelial fragmants present.
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Discussion

Fungi have been found as internal leaf colonizers of healthy

leaves on several occasions (Norse, 1972; Spurr and Welty, 1972, 1975).

The sporadic isolations of fungi from non-mined apparently healthy

tomato leaflets obtained in this study indicate the absence of

endophytic fungi from most tomato leaves in the Homestead area. The

presence of trichomes on the leaf epidermis could conceivably prevent

the complete destruction of propagules of fungi associated with them

during surface sterilization by sodium hypochlorite as has been shown

to be the case for pathogenic bacteria (Schneider and Grogan, 1977).

Surface sterilization by ethyl alcohol may well have a drastic effect

in many cases on any microflora present inside healthy or diseased

leaf tissue. The results presented in Tables 35, 36, and 37, therefore,

do not necessarily present accurate quantitative data on the endophytes

or invaders of tomato leaves.

The more frequent isolation of fungi and bacteria from surface

sterilized, mined leaves (Tables 36 and 37) indicates that these

organisms are associated with the mines and their surrounding tissues.

The pathogenic Alternaria isolates proved to be weak parasites, as was

suggested earlier (Baranowski , 1958), because of their failure to incite

symptoms in uninjured leaves and in injured leaves without an exogenous

nutrient source. The absence of an adequate amount of carbohydrates may

well be the reason why no infections have been observed around leaf

punctures produced for feeding by adult flies or for ovi position if this

did not result in larval development. A similar increased virulence of

a number of pathogen on some hosts has been demonstrated by the addition
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of glucose or leaf washings to the inoculum (Bashi and Rotem, 1977;

Blakeman, 1968; Deverall and Wood, 1961; Mil noil and, 1970) and by the

presence of pollen on the leaf surface (Chou and Preece, 1968). In

particular the penetration and subsequent lesion expansion by

Alternaria solani is affected by the tomato leaves' sugar conditions

(Horsfall et al., 1974).

Although Alternaria species are ubiquitous and are present in

large numbers on many plant surfaces (Dickinson, 1976; Sinha, 1971), a

potential pathogenicity should not be precluded. In fact another

fungus, Aureobasidium pullulans , also present everywhere, and also

generally occurring as a saprophyte, is believed to be a weak parasite

by some authorities (Browne, 1968) and is capable of inciting

disease in some injured tissue (Haddow, 1941). Alternaria alternata

has been shown to require either weakened or injured tissue in which to

germinate and develop (McColloch and Worthington, 1952).

Since Alternaria species are usually present on leaf surfaces, and

leaves in fact have been actually considered spore traps (Gregory, 1971),

it is unlikely that the leafminer adult would be solely or even for the

most part responsible for the transmission of the pathogen invading the

leaf mines. Although some Alternaria conidia may be shaken off the adult

leafminer (Table 38), the number is negligible when compared to that

probably already present on the leaf surface and that in the atmosphere

around it. Necrosis and yellowing also do not always occur around the

fly's oviposition puncture. Other ports of entry may be created by

piercing of the upper epidermis by exiting leafminer larvae or by

ovipositing leafminer parasites. As concluded by Martin (1918) from his

studies of the dissemination of Alternaria solani , the pathogen's conidia
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are primarily transported by wind. The leafminers in this study provide

excellent means for the penetration of the potentially parasitic

Alternaria because of the wounding of the tomato leaves as do flea

beetles for Alternaria solani (Martin, 1918).

The adult leafminer probably does not carry any fungal conidia

internally. Surface sterilization by sodium hypochlorite resulted in

very few isolations, the original propagules of which possibly escaped

destruction by their association with the fly's setae as those on the

leaf surface do by their association with trichomes.

Mines without associated yellowing frequently contained Alternaria

colonies (Table 36). At no time has a vacated non-diseased mine been

observed to develop yellowing or extensive necrosis in its vicinity for

as long as the mined leaflets were monitored for disease symptoms

(minimum of one month after tagging). The primary colonizer of the mine

seemed to have prevented the establishing of pathogenic micro-organisms.

Once the mining activity has ceased, the free nutrient content of the

leaf interior will probably be depleted by the saprophyte present,

thereby often effectively checking the development and harmful effect

of a weakly parasitic Alternaria possibly entering the mine at a later

time either through the oviposition puncture or through the larva's

exit hole. This is probably one of the most important reasons for the

apparent inhibition of the development of weakly pathogenic Alternaria

in those mined leaves and the subsequent failure of those mines to turn

yellow. Biological control of phylloplane pathogens by other micro-

organisms has been reported elsewhere (Fokkema and Lorbeer, 1974;

Heuvel , 1971; Spurr, 1977).
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The leaf tissue around the mine can acquire an immunity to the

pathogen by the action of the saprophyte present, as was found

experimentally by the inoculation of sweet potato roots with pathogenic

isolates of Ceratocystis fimbriata following inoculation with non-patho-

genic isolates of this fungus (Weber and Stahman, 1964).

In addition to depletion of the nutrient content of the mine by

saprophytes and the possibly acquired immunity, the resulting death of

the cell layers surrounding the mine can provide a physical barrier to

weak parasites.

The occurrence of chlorosis as one of the symptoms associated with

diseased mines is indicative of Alternaria parasitism of some tomato

leaves. Several Alternaria species are known to synthesize phytopatho-

genic toxins; twelve different compounds can be produced by Alternaria

alternata alone (Harvan and Pero, 1976). The type of carbon source has

been demonstrated to have an effect on the toxin production by

Alternaria tenuis (Fulton and Bollenbacher, 1968). Chlorosis is a

common symptom associated with infection of many plants by this fungus

(Luke and Biggs, 1976). From the failure to isolate any organism from

the chl orotic areas of tomato leaflets, it seems reasonable to assume

that the pathogenic Alternaria thai 1 us remains restricted to the leaf

mine and its immediate necrotic surroundings. With the increasing age

of the infected leaves, the fungus advances further probably due to a

decrease in the resistance of the leaf tissues. A stimulation of the

synthesis of maceration enzymes by the fungus when the carbohydrate

source becomes exhausted may also play a role in the further necrosis

of the leaf as was suggested for Alternaria solani (Horsfall et al .

,

1974). Differences in virulence of the Alternaria colonies may account
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for the variation in the extent of the diseased tissue. The affected

area increased beyond the presence of the fungus itself by the

production of one or more toxins which have been repeatedly shown

capable of inciting symptoms typical of the disease that the fungus

itself causes (Gilchrist and Grogan, 1976); Luke and Biggs, 1976;

Pound and Stahman, 1951; Templeton et al . , 1967).

The pathogenic bacterium, probably Xanthomonas vesicatoria (Doidge)

Dows., found to incite necrosis and yellowing around some leaf mines

occurs only sporadically depending on the prevalence of bacterial spot

in tomato fields. Its occurrence in and around leaf mines is not

surprising since wounds provide ideal ports of entry into leaf tissue

for bacterial pathogens.

Conclusions

Micro-organisms normally incapable of penetrating tomato leaves

are provided the opportunity to colonize the leaf interior as soon as

the leaf epidermis is pierced by a leafminer adult. The chance of a

pathogen entering through the puncture into the developing mines

depends on its presence on or near the injured leaf and on competition

with other potential leaf colonizers.

Because Alternaria is one of the most common phylloplane

inhabitants, it has a good chance of exploiting the ideal niche

provided by the leafminer larvae. Weakly parasitic Alternaria species,

to which the tomato is normally immune, can do damage to their host

plant because of the carbohydrate supply originating from the mesophyll

cells macerated by the leafminer.
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Varying degrees of virulence of this pathogen will, therefore,

result in varying degrees of leaf damage, most of which is done as a

result of the production of one or more toxins by this fungus.

Competition on the leaf surface or inside the leaf mine can

prevent pathogenic Alternaria from penetrating the leaf or establishing

itself inside the mine.

Development of disease symptoms is favored by aging of the leaves.

Therefore, the lower leaves of the tomato plants are especially

susceptible to the pathogen and likely to show the most extensive

damage symptoms including leaf abscission.

Adult leafminers are very likely to carry conidia of various

fungi since they are in continuous contact with air containing a large

number of propagules of micro-organisms. However, in relation to the

number of conidia already present in the phylloplane of tomatoes the

flies contribute only a small amount to the potential leaf invaders.

For all practical purposes the only function the leafminer performs

in the development of the disease associated with leafminer in tomato,

is providing a means of entry into the leaf for the pathogens and an

easy access to the nutrient-rich contents of the mesophyll cells.



CHAPTER V

EFFECT OF THE VEGETABLE LEAFMINER, Liriomyza sativae BLANCHARD,
ON THE PHOTOSYNTHETIC ACTIVITY OF INDIVIDUAL

TOMATO LEAFLETS

Introduction

Leafminers reduce the photosynthesis potential of a green leaf by

removing cells containing chlorophyll. If a plant's metabolism would

be affected seriously by the presence of a large number of mines, a

significant reduction in the synthesis of carbohydrates and other com-

pounds essential for normal vegetative growth and reproductive capacity

would result. This would mean a possible reduction in both fruit set

and fruit size.

The study presented here was undertaken to determine the quanti-

tative effect, if any, of the presence of a leaf mine on the photo-

synthetic activity of an entire tomato leaflet.

Materials and Methods

Tomatoes of the variety 'Walter' were grown in the field as

described earlier (Chapter III, Experiment 2). Leaflets were removed

in pairs from adjacent positions on the same, fully expanded leaf.

The cut petiole was immediately placed in distilled water. Of each

pair, one leaflet had at least one mine while the other was undamaged.

Photosynthetic measurements of five pairs of leaflets were carried out

133
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in a leaf chamber with a volume of approximately 245 ml. Air con-

taining 234 ppm carbon dioxide was admitted to the chamber via a water

trap to saturate the air with water vapor. The entering air flow was

regulated with a needle valve at 43 ml rnin" . Air leaving the leaf

chamber was forced to pass through another water trap in order to keep

the pressure inside the leaf chamber as constant as possible. Light

was provided by fluorescent tubes at a photosynthetic photon flux

-2 -1
density of 230 yEinsteins m sec . The entire apparatus was kept at

a temperature of 22.5 ± 0.5°C.

The carbon dioxide content of the air samples taken from air

entering and leaving the chamber was analyzed by means of a gas

chromatograph. A Varian 3700 Gas Chromatograph with a thermal con-

ductivity detector was utilized. The detector temperature was kept

at 150°C and that of the filament at 230°C, resulting in a current of

258 mA. The oven temperature was maintained at 35°C and the carrier

gas, helium, was used at a rate of 30 ml min" .

From preliminary observations it was concluded that accurate

measurements could be taken between 20 and 30 minutes after placing

the leaflet in the leaf chamber and closing it. At that time the

carbon dioxide concentration of the air leaving the chamber had reached

its minimum level and remained constant for the entire period of the

experiment.

Results

The amount of carbon dioxide consumed by the leaflet was taken as

a measurement of the total photosynthetic activity of that leaflet.
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The rate of consumption was calculated on the basis of the area of the

entire leaflet and on the basis of the area of the leaflet excluding

the mined area.

The rate of carbon dioxide consumption of a non-mined leaflet

based on the entire leaflet area was significantly different from that

of a mined leaflet (P < 0.05) (Table 39). If the leaf area occupied by

the mine was excluded from the area assumed photosynthetically active

no significant difference (P < 0.05) was found (Table 39).

Discussion

The effect of a leafminer larva tunnelling in a tomato leaf, on

the photosynthesis capacity, appears to be the result of removal of

metabolically active tissue only, as was shown for injured apple leaves

by Hall and Ferree (1976), even though in the tomato leaves only the

palisade tissue is consumed and, therefore, some tissue containing

chlorophyll still occupies the mined area. The immediate result of

the mining activity can be twofold. The leafminer larva and any micro-

organisms associated with the mine increase the carbon dioxide content

of the air inside the leaf resulting in an increase in the photo-

synthesis rate of the cells exposed to the mine's air. This rate

increase may thereby partially compensate the loss of green cells due

to consumption by the leafminer larva. On the other hand, the photo-

synthesis rate of the remaining tissue may be reduced for some time

due to the injury inflicted by the leafminer as was shown for leaf

tissue remaining after partial defoliation by clipping of grass

(Detling et al., 1979).
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At low mine densities the effect on net photosynthesis will be

minimal since most leaf mines occur near the leaf margins and do not

sever any veins and, therefore, interfere only slightly, if at all,

with nutrient transport within the leaf.

From measurements of the leaf area affected by the different

instars of the vegetable leafminer, Liriomyza sativae Blanchard, and

a number of other Agromyzid leafminers (Table 40) it is obvious that

in case death of the larvae occurs in the first or second instar, the

damage to the leaf tissues, which amounts to less than 0.5% of the area

of a tomato leaflet for the vegetable leafminer, remains so small that

the impact on overall photosynthesis activity of the leaflet becomes

negligible.

However, as a result of serious leafminer outbreaks, the density

of the mines may increase to such an extent that translocation of

nutrients and thereby the metabolism of the mesophyll cells distal

to the mines will be affected (Hering, 1951). In this case the photo-

synthesis rate of the tomato leaf will be reduced disproportionally

to the actual injury. The impairment of the metabolism can become so

severe that death of the entire affected leaf area results.

Conclusions

The effect of a single mine of the vegetable leafminer in a tomato

leaflet reduces the net photosynthesis of the leaflet proportionally

to the area that the mine occupies. A higher mine density in tomato

leaflets will reduce the net photosynthesis rate more than the additive

effect of individual mines due to interference with translocation of

nutrients in the leaf's mesophyll.
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Control of the leafminer by means of efficient insecticides or

Hymenopterous parasites which will kill the larvae in their first or

second instar will result in a negligible effect on the photosynthesis

potential of the tomato leaves.



CHAPTER VI

CONCLUSIONS

Although leafminers can do serious damage to the leaf tissues

of tomato plants, the density of the leaf mines is rarely high enough

to cause serious defoliation by itself. Only in the seedling stage

when the total leaf area of the tomato plants is small will consumption

of the entire photosynthetically active tissue occur easily. The most

important factor in the occurrence of leaf deterioration and subsequent

abscission is the weak pathogen, Alternaria altemata , which is

capable of destroying an entire leaflet. This can happen even if only

a single mine is present in a leaflet and becomes colonized by the

fungus. Low leafminer densities are, therefore, not necessarily a

measure of potential damage to the tomato plants. Additional damage

associated with leaf mines can be caused by Xanthomonas vesicatoria

which may enter the mines.

The lower leaves of the tomato plants which act more as metablic

sinks than as photosynthetically active organs are dispensable as can be

concluded from the absence of effects of defoliation of lower plant

canopies on fruit development. The upper leaves are more important to

the plant than the middle and lower ones and, because of their younger

age, are more resistant to infection. Since leafminers usually attack

only the lower and middle leaves, infestations except at wery high levels

usually have relatively little effect on the yield and, therefore, on

MO
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the gross revenue of the tomato crop.

The tomato plants exhibit a differential sensitivity to defoliation

during the growing season. The most sensitive times are early in the

season and at mid-season. Still, at least 60% of the foliage has to be

removed before significant reduction in the yield of the fruit in the

two largest size categories as well as the total yield of marketable

fruit can be observed.

Repeated defoliation is tolerated by the tomato plants at lower

levels with removal of 40% of the foliage resulting in significant

yield reduction.

The weight of all marketable fruit at any level of defoliation

is significantly correlated with the gross revenue that the grower

would obtain from that yield, based on different prices for the

different size categories.

If large leafminer populations occur, then parasites, if they are

present, can ensure that the leafminer larvae will be killed before the

damage to the tomato leaflet becomes severe enough for the pathogen to

establish itself sufficiently to affect the tissue around the mine.

An effective way to avoid concern about possible damage to tomato

plants by the leafminer-Alternaria complex is, therefore, to ensure the

presence of sufficient parasites in the field which can effectively

control the leafminer population as was the case before the first

serious outbreaks which resulted from the intensive use of pesticides.

The application of sound pest management practices appears to offer the

best chance of achieving maximum net revenue in crops where the leafminer

can be a serious problem.
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If, however, the parasite population is ineffective in controlling

the vegetable leafminer, insecticide applications specifically to control

the leafminer are required. Insecticides for leafminer control should be

applied when the defoliation level reaches 30% in plants before anthesis

and 50% in plants after anthesis. If further defoliation of 10%

occurs after the insecticides have been applied, further treatment is

advised.
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