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Greetings and welcome to the twenty-eight Annual Florida
Tomato Growers Institute.

Both production increases and competition from outside
producers continue to place a challenge in front of the Florida
tomato producer. Acreage and production of Florida tomatoes has
continued to climb over the past five years. In 1983-84, harvested
acreage was 53,712 in Florida with a crop value of $368 million.
In 1987-88, acreage climbed to 76,333, while wvalue of the crop
increased by 145% to $535 million. This represents over a 2.8-fold
increase in acreage from the previous 10 year period (27,621 acres
in 1977-78) and an increase in value of 437%. Average per carton
values have increased only slightly over the past five years from
$6.83 in 1983-84 to $7.00 in 1987-88.

Increases in production coincide with an expanded tomato
harvest season. Tomatoes can be found in Florida fields virtually
every month of the year, while harvests last year were initiated in
September and continued into July of this year.

Increased acreage and production have placed emphdsis on
improved marketing, reduced production costs, and expanded markets.
Urbanization of Florida's more productive farm land, problems with
pesticide use and regulation, water-quality and quantity
restrictions, environmental stresses, and, most recently, pest
pressure from sweet potato whitefly continue to plague the industry
and have added to production costs and have caused direct field
losses.

By the tomato industry working together with IFAS, DACS and
the USDA, many of these new problems are beginning to be solved or
lessened. The future will bring increased pressures and will demand
more indepth answers to these questions which encroach Florida
tomato production efficiency.

The faculty of IFAS, whether at the county or state level, are
committed to insure a long life for Florida’'s tomato industry. The
IFAS staff sincerely hopes that this year’s Tomato Institute is
informational to all those who attend. We look forward to hearing
your needs in an effort to better serve you.
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SCHOOL OF FOAEST RESCURCES ANO CONSERVATION CENTER FOR TROPICAL AGRICULTURE

The Inatitute of Food and Agricultural Sciences is an Equal Employment Opportunity — Affirmative Action Employer authorized to provide research, educational
information and other sarvices only to individuals and institutiona that function without regard to race, color, sex, age, handicap or national origin.
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TOMATO AND SQUASH RIPENING DISORDERS - THEIR RELATIONSHIP TO
EACH OTHER AND TO THE SWEET POTATC WHITEFLY

Daniel J. Cantliffe
Vegetable Crops Department
Gainesville, FL 32611

A special task force committee was initiated to study
vegetable production problems in Florida on May 9, 1988. It was
comprised of 19 IFAS research and extension faculty and headed by
Drs. Don Maynard and Bill Zettler. The committee was asked to
assess tomato irregular ripening and squash silverleaf disorders
which were occurring in South Florida that spring and to assess
the potential threat of lettuce infections yellows virus which was
causing major damage in the California lettuce industry and which
is spread by sweet potato whitefly. Virus in lettuce had not been
observed, however both irregular ripening and silverleaf, in their
present form, were observed as new problems in Florida. Their
cause was unknown but the incidence of the disorders correlated
with the appearance of unusually high populations of sweet potato
whitefly in 1987-88.

The Task Force met twice on May 24 and June 21, 1988 and
recommended that:

1) Growers throughout Florida be made aware of the sweet potato
whitefly, its increased populations, potential as a virus
vector, and need for early control measures.

2) That growers should be aware that there was a strong
correlation between sweet potato whitefly and the incidence of
the tomato and squash disorders.

3) That growers continue to index lettuce seed for virus and that
they constantly monitor both the whitefly and incidence of
virus in production fields.

4) That research be undertaken to study fruit symptomtology in
tomato, to reproduce the irregular ripening symptoms, and to
conduct surveys to determine the extent of the disorders on
Florida produce.

The task force was subsequently disbanded after filing their
report in July 1988.

On September 13, 1988 I was requested by the offices of the
Deans for Research and Extension to initiate a working group, with
the objective of obtaining and generating interest of IFAS
research and extension persomnel in discussing and solving fruit
ripening disorders in tomato and squash and to study control
measures for sweet potato whitefly.

On October 10, 1988 a group of 30 IFAS research and extension
faculty and representatives from the agricultural farming sector



met to discuss 1) the current status of the disorders, 2) possible
causes of the disorders, 3) identification of whether conditions
causing the two disorders were linked, 4) what effect whiteflies
have on either disorder and 5) identification of whether plant
pathogens had any linkage to the disorders.

A follow-up meeting with IFAS administrators was held on May
1, 1989 to inform them of the status of the problem. The working
group was expanded to include everyone working on sweet potato
whitefly, tomato irregular ripening, and silver leaf in squash. A
meeting was held to update the working group on current research
on June 21, 1989 and included attendance by 35 persons
representing IFAS research, IFAS extension, USDA, DACS, and the
Florida vegetable and flower industries.

The information which follows relates what is known or not
known about tomato irregular ripening, its relationship to sweet
potato whitefly and silver leaf in squash. The two disorders,
although found on different species with different symptomology,
cannot be separated and thus will be discussed briefly in the
narrative which follows.

Theories on possible causes of the ripening disorders
include:

1) Plant stress caused by environmental factors
2) Air pollution

3) Plant nutrition

4) Whitefly

Plant Stress

Silver leaf in squash was first reported by Burger et al in
1983, and was said to be different from the genetic silver leaf-
mottling that is found in several cucurbit species. Silver leaf
on squash could affect fruit color and reduce yields. Paris et al
(1987) reported that low soil moisture increased the severity of
silvering.

Silver leaf was reported in tomato by Grimbly and Thomas in
1977, and was said to be related to low temperatures in the
greenhouse. Unfortunately, fruit quality and yields from silver-
leafed tomato plants were never reported.

Both types of silver leaf in squash (Burger, et al. 1988) and
tomato (Grimbly, 1977) had similar effects on leaf anatomy.
Burger’s group also reported that chlorophyll, CO, uptake and
photosynthesis were reduced in silvered leaves of squash.

Although leaf anatomy of squash with silver leaf in Florida
was similar to that described by Burger’s group (Narayanan, 1989
unpublished), no relationship between temperature or drought
stress could be observed under field or greenhouse conditions for
both tomatoes and squash grown in Florida. Thus, under the
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conditions studied in Florida, it does not appear that
environmental stress causes silver leaf or the tomato ripening
disorder in Florida.

Air Pollution

In 1988, Simons et al reported a detailed description of
silver leaf in squash as found in South Florida. These authors
suggested that air pollutants might induce &r cause silver leaf in
squash. As of this writing, silver leaf in squash can be found in
almost every county in Florida. Further, the symptoms of silver
leaf can be induced and reversed in the laboratory 'at will’ by
placing whitefly nymphs on and off squash leaves. Tomato
irregular ripening has been reported in most production areas of
Florida and has been observed in tomatoes shipped to Florida from
Mexico. The symptoms of silver leaf do not, in any way, resemble
those of any known symptoms caused by air pollutants (Stoffella,
1988 unpublished). Further, pollutants which can cause plant
injury have generally been found to be at low levels in the areas
where leaf silvering has occurred. It seems highly unlikely that
air pollution plays a major role in causing either vegetable
disorder.

Plant Nutrition

Field trials have been conducted in Homestead by Drs.
Narayanan and Bryan, in Immokalee by Dr. Mueller and Ft. Pierce by
Dr. Stoffella to determine if potassium (K) fertility could induce
irregular ripening in tomato. Fertility trials which altered N:K
ratios and, more specifically, K fertilizer rates had no effect on
the induction of irregular ripening symptoms, even in fields where
irregular ripening could be induced by the presence of sweet
potato whitefly. Thus, K fertility probably has no major
relationship to the vegetable disorders in tomato and squash.

Whitefly

Throughout the previously mentioned reports, one common
factor has been continuously present, although generally not
quantified in most of the studies. This was the ever presence of
sweet potato whitefly. Moreover, the initial observance of squash
and tomato ripening disorders occurred at the same time sweet
potato whitefly was observed as a major pest in Florida fields
(Price et al 1989).

Maynard and Brown (1988) reported that irregular ripening
occurred on tomatoes grown in the southwest area, the east coast
and Homestead, Florida in 1987-88. The problem was not observed
until the fruit were begimming to ripen. This observation was
further brought out in a December 10, 1988 article in the Packer,
which exclaimed that shippers "would be content if the disease
outbreak (of fall 1987 and spring 1988) would remain a freak
incident”. Unfortunately, neither the problem nor the sweet
potato whiteflies have gone away.



At the time of the Maynard/Brown report in September 1988 no
irregular ripening was reported from the Palmetto-Ruskin or Quincy
production areas. Irregular ripening was observed in Palmetto-
Ruskin by the spring of 1989, however it was still not observed in
Quinecy as of that date, although sweet potato whiteflies have been
jdentified to be in the Quincy vicinity (Olson, 1989 personal
communication). The presence of sweet potato whitefly has always
coincided with observations of silver leaf or irregular ripening.
In other words, neither disorder has been observed in the complete
absence of sweet potato whitefly.

Irregular ripening (and/or silver leaf) could be associated
with the sweet potato white fly as:

a) damage caused by simple feeding
b) devitalization of the plant due to general or specific, feeding

c) injection of or response to a toxin produced by the sweet
potato whitefly

d) a virus, or some related pathogen vectored by the sweet potato
whitefly.

With regard to the above possibilities, direct association of
feeding by the adult sweet potato whitefly may not have the
greatest causal relationship to silver leaf or the tomato
irregular ripening. Research conducted at the Central Florida
Research and Education Center by Dr. Lance Osborne and USDA
Postdoctorate Dr. K.A. Hoelmer has shown that silver leaf symptoms
in squash were observed after 10 days of feeding by adults or 3-5
days after feeding by nymphs. In order to determine if adult
whiteflies could cause leaf silvering symptoms, Hoelmer 'pulsed’
whitefly adults onto plants creating a continuous adult feeding
while removing all eggs and other developmental stages of the
insects from the caged plants. No symptoms were induced on the
squash plants. If eggs were placed on a leaf, symptoms developed
on leaves two to three nodes above the area where nymphs began
feeding. 1If all whiteflies are removed from plants with leaf
silvering, subsequent new growth is normal. As few as four nymphs
can cause damage and 20-30 nymphs can cause extreme leaf silvering
on the plant.

Dr. Hoelmer feels that sweet potato whitefly adults do not
cause leaf silvering to occur rapidly and, in fact, adults may not
be able to induce silver leaf.

Drs. Price, Kring, and Schuster at the Gulf Coast Research and
Education Center have studied the relationship of sweet potato
whitefly to irregular ripening and silver leaf in squash and
methods to manage the whitefly. Using acorn squash, they could
expose a single leaf down to a single cotyledon and obtain
symptoms by limited nymph feeding periods. The larger the leaf



area and/or the greater the number of nymphs and crawlers the
greater the amount of damage that occurred.

These findings on squash seem to agree with Dr. Dave
Schuster’s and Dr. Tom Mueller’s (Research Director, CMC Farms)
observations on tomato wherein greater numbers of whitefly had to
be present in order to observe irregular ripening on the fruit.
Internal symptoms of irregular ripening can generally be detected
before observance of external symptoms. This pattern of defective
ripening seems to coincide with increased numbers of whitefly on
individual plants.

Dr. Mueller has found that as the population density of
whiteflies on tomato plants increases so does the population of
whitefly on flowers. The direct relationship of this to irregular
ripening in the fruit is unknown. Dr. Mueller has observed that
without sweet potato whitefly, irregular ripening in tomato cannot
be found.

Dr. Yan Narayanan of the Tropical Research and Education
Center has found a double stranded RNA (ds RNA), a tool used for
identification of virus in plants. The ds RNA has been found in
both squash and tomato leaves and fruit of tomato. If the plants
were not infested with sweet potato whitefly the ds RNA could not
be found. The ds RNA could also be found in seeds obtained from
fruit which suffered from irregular ripening.

The same double stranded RNA can be isolated from tobacco
infested with whitefly and thus it does not appear that the ds RNA
is endogenous in these plants since there are several species
involved.

Extracts from nymphs and adults contain RNA that hybridizes
with RNA extracted from whitefly-infested plants. This means that
the ds RNA found in symptomatic plants is vectored by both nymphs
and adults.

Use of radioactive probes have also shown that the ds RNA is
graft-transmissible in tomato.

Many weeds were collected from tomato and squash fields.
Preliminary studies showed that weeds such as Lantana and
Amaranthus spinosa (with low whitefly infestations) contain
detectable ds RNA. In contrast, Eapharbid cyathophona (with high
whitefly infestations) contain no detectable ds RNA.

Similar ripening disorders have been observed in other fruits.
Apple scar skin causes apples to color in blotchy patterns (Coy,
1989). The disease was difficult to detect and symptoms are not
apparent until after fruit set. Apple scar skin is caused by a
viroid or virus like particle which until recently was extremely
difficult to detect. Viroids differ from RNA viruses in that they
have no protective protein coat, and thus are extremely small in



size. Viroids have the ability to force a cell to duplicate the
viroid’s RNA instead of its own.

Drs. Jeff Shapiro and Ray Yakomi, USDA, Orlando are
investigating the possibility that a causal agent which is either
toxic or enzymatic might cause the irregular ripening and/or
silver leaf. At present they are trying to devise an in vivo
assay wherein they might isolate a toxic ajent from pumpkin then
reinject the toxin into a plant to observe the plant reaction and
symptoms. They have also detected double stranded RNA 12-13 days
after the appearance of silver banding in pumpkin leaves. At this
time it cannot be scientifically proven that a virus is or is not
present and acts as a causal agent for silver leaf and/or
irregular ripening.

Summary

Squash silverleaf and tomato irregular ripening are
assoclated with sweet potato whitefly.

The sweet potato whitefly must be managed and controlled based
on IPM and intelligence mediated control practices (i.e. removal
of plant hosts, programmed spraying based on whitefly populations
by alternating chemicals initiated at the beginning of the
cropping season).

A review and description of the disorders and general
recommendations for control can be found in IFAS Extension Fact
Sheet VC-37 (Maynard and Cantliffe, 1989).
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Management of the Sweetpotato Whitefly on Tomato

David J. Schuster, J. F. Price & J. B. Kring
Gulf Coast Research & Education Center
Bradenton, FL
and
P. H. Everett
Pacific Land Company
Immokalee, FL

The sweetpotato whitefly has been noted in Florida since the late
1800's but has only been considered a pest in the state since late
1986 (Hamon and Salguero 1987). At that time it was heavily
infesting ornamental greenhouse and saranhouse crops, particularly
poinsettia. The insect was found heavily infesting eggplant and
cucurbits on the middle east coast in the spring of 1987. By the
fall of that year, the insect was detected in all tomato growing
régions of the state but was present in relatively low numbers. The
first outbreak of the sweetpotato whitefly in Florida tomatoes began
in the late fall of 1987 in southwest Florida and continued in the
spring of 1988. In that season, losses were estimated to be at
least $15 million. Annual losses to tomatoes in Florida, including
increased control costs as well as direct fruit losses, are
conservatively estimated to be at least $25 million.

Reports on the biology and management of this pest on tomato have
been presented at the last two meetings of the Tomato Institute
(Schuster and Price 1987, Price et al. 1988). The information
presented in those reports will be summarized and updated with new
data in this report. It is stressed that any management program for
the sweetpotato whitefly must integrate all available methods of
control and must not rely solely upon one control tactic.

Biology

Sweetpotato whitefly adults are small insects about 1/32 inch long
with pale yellow bodies and white wings. They resemble small flies
but are more closely related to aphids since both adults and
immatures possess piercing-sucking mouthparts. Adults prefer the
undersides of upper leaves where they deposit minute, cigar-shaped
eggs. Newly hatching nymphs called ‘crawlers’ have well-developed
legs and are the only mobile immature lifestage. After finding a
suitable feeding site on the lower surfaces of leaflets, the
crawlers insert their mouthparts, begin feeding and usually do not

move again. The subsequent nymphal stages are flattened, oval
scales and the final resting, or pupal, stage is more convex and
elliptical with large, conspicuous red eyes. Developmental time

from egg to adult on tomato is about three weeks at 80°F (Coudriet
et al. 1985),

The host range of the sweetpotato whitefly includes over 500
species of plants including numerous weeds and cultivated vegetable,
agronomic and ornamental crops (Greathead 1986). Vegetables most
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often attacked include those in the families Solanaceae (including
tomato, eggplant and pepper), Cucurbitaceae (including cucumber,
melons and squash) and Malvaceae (including okra). Although the
list of weed hosts is extensive and includes numerous species found
in Florida, preliminary investigations reveal that a relatively
small number of species are infested with large numbers. These
species include spurge, ceasarweed, nightshade, morning glory, hairy
indigo and primrose willow.

Damage

Both adult and nymphal sweetpotato whiteflies feed on the lower
surfaces of leaflets by sucking sap with their piercing-suckirng
mouthparts. Chlorotic spots may appear around feeding sites on the
upper surfaces of leaflets, particularly on succulent plants.
Whitefly adults and nymphs produce honeydew upon which sooty mold
can grow. Heavily infested plants may become unthrifty and may lose
leaves. Direct feeding of adults on fruit may result in small,
raised spots about 1/16 to 1/8 inch in diameter. The spots are
white on immature fruit and remain yellow as fruit ripen.
Worldwide, the sweetpotato whitefly is best known as a pest of
tomato for its ability to transmit certain virus diseases.

In Florida, the most important damage on tomato associated with
the sweetpotato whitefly has been extermal, irregular ripening of
fruit and increased severity of internal white tissue. Recent field
cage studies in the fall of 1988 and the spring of 1989 -at Gulf
Coast Research & Education Center (GCREC) have confirmed these field
observations. In cages in which the sweetpotato whitefly was
released and in which no attempt to control the whitefly was made,
symptoms of external irregular ripening occurred. In cages in which
no sweetpotato whiteflies were released, no symptoms were apparent.
In yet other cages in which the whitefly was released but in which
an attempt to control the whitefly was made before external fruit
symptoms appeared, symptoms were greatly reduced.

Adults have been observed ovipositing on tomato flowers under
heavy infestations; however, greenhouse studies have not confirmed
a link between flower infestations and the development of the
irregular ripening disorder. Very few immatures hatching from eggs
on flowers survive.

The causative factor(s) of irregular ripening is(are) not known
at this time but may be due to a toxin or to a pathogen. In May of
1988, tomato plants grown whitefly-free at GCREC were exposed to
whitefly adults in tomato fields in southwest Florida that were
showing irregular ripening symptoms. Other similarly grown plants
were exposed to caged whiteflies from the above field for two weeks.
None of the plants produced fruit showing irregular ripening
symptoms .

Studies are underway at GCREC to isolate sweetpotato whiteflies
that do not cause irregular ripening of tomato. If such a strain
or strains can be isolated, transmission studies will be conducted
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to elucidate the nature of the irregular ripening disorder.
Scouting

Any management program of the sweetpotato whitefly should be based
upon the initial detection and subsequent monitoring of populations.
Information regarding the densities of adult and immature stages
indicates the success of current management techniques and further
indicates the need to switch or intensify management techniques.

Since adult whiteflies are attracted to yellow surfaces, such
surfaces coated with a sticky substance have been used to trap and
monitor adults. Studies at GCREC and on a commercial tomato farm
have been conducted to evaluate effects of trap type and height and
the effects of the diurnal response of adults on the numbers of
adults captured. Flat traps placed horizontally on the bed surface
were equivalent to or better than cylindrical traps placed
vertically. Both flat and cylindrical traps indicated similar
population fluctuations.

Cylindrical traps placed at or near the soil surface captured more
adults than traps placed 22 or 44 inches above the soil surface.
However, later in the tomato season, traps placed at 44 inches in
tomato field middles captured more adults than traps placed at 22
inches or at the soil surface. This contrasted with the field edge
where traps placed at or near the soil surface captured more late
in the season.

Cylindrical traps monitored hourly at'.monthly intervals in
infested tomatoes indicated that captures peaked at about 0900 to
1000 hr regardless of the time of the year. Trap captures in
September or May were higher earlier in the day and tended to remain
higher later in the day than captures in November or January. This
diurnal variation in trap captures complicates monitoring adults
with sticky traps since, for any specific field; traps would need
to be placed in the field after 0900 hr for retrieval that day or
placed in the field for some interval of 24 hr.

Returning to a sample site more than once on any given sample date
is obviously not time-efficient for scouting. Leaving traps in the
field for some multiple of 24 hrs is a viable alternative; however,
traps left for long periods of may accumulate a large amount of
wind-driven soil or debris or large numbers of other insects also
attracted to yellow.

We currently recommend using either flat or cylindrical traps
placed in fields for 2-3 days, depending upon the scouting interval.
Traps on field edges should be placed at or near the soil surface
season-long. Traps placed in the interior of the field should be
placed at the soil surface when the plants are small but should be
raised as the plants grow.

The distributions of immature whiteflies on the undersides of
terminal leaflets on main stems and lateral stems have also been
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evaluated at GCREC. The majority of immatures are located on leaves
six to nine counting from the top; however, there is sufficient
variation between the numbers of immatures on leaflets on main stems
and on leaflets of laterals and between plants that further studies
will be conducted.

Currently, we are recommending that estimates of densities of
immatures be made on the terminal leaflet of the 7th or 8th leaf
from the top of any stem. This corresponds to the same leaf node
recommended for evaluating leafminer larval densities. Thus, we are
recommending also that the three terminal leaflets on one stem of
each of the six contiguous plants selected per two acres for
estimating leafminer densities be utilized for estimating whitefly
immature densities.

Cultural Control

Management of the sweetpotato whitefly must be initiated before
an infestation occurs. Cultural manipulations of tomato crops are
not generally capable of exerting complete control of the whitefly
by themselves; however, when integrated into a total management
program, they can delay, inhibit, avoid or reduce whitefly
populations so that they are more manageable.

Transplant Production

Sweetpotato whiteflies may infest a tomato crop by way of the
transplants or by other host plants growing in the vicinity of the
tomato crep. Thus, management must begin in the transplant
production facility and not in the field. Production structures
should be located away from infested areas if possible and should
be screened to exclude invading whitefly adults. Our recent
investigations have shown that screening must be finer than 32 x 32
mesh but can be larger than 64 x 64 mesh. The benefit of using
screen this fine must be balanced against the potential for heat
build-up in the facility due to reduced air flow. Where possible,
alternative cooling methods should be considered to alleviate this
concern.

Adults may enter production structures through open entry ways.
All access to structures should be kept closed or screened and those
that are used frequently should have a double entry vestibule
installed. Yellow sticky traps should be placed within the
vestibule to capture adults that have penetrated the outside entry
of the vestibule.

Workers moving into or among individual structures should avoid
wearing yellow clothing or transporting equipment of this color
since adults will be attracted to these surfaces and could catch a
ride into structures. Transplants should be inspected prior to
planting to ensure that they are free of whitefly adults or
immatures. g
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Land Preparation and Field Maintenance

Whitefly adults may also invade fields after they are planted by
migrating from infested weeds or crops. Fields should not be
established in (double cropped) or near infested weeds or crops.
Land preparation should be initiated at least a month before
transplanting and should include the destruction of weeds and
volunteers on mnon-crop areas including the i{immediate field
perimeter, ditches, roadways, fallow fields, etc. Frequent discing
of fields prior to fumigating will ensure that volunteer plants and
weeds do not become established long enough to support whitefly
populations. Weed management must continue thoughout the crop and
should include non-crop areas as well as the fields themselves.

Plastic Mulch

UV reflective plastic mulches (aluminum film laminated or painted
onto plastic film) have been evaluated at GCREC since the fall of
1987 in anticipation of the sweetpotato whitefly problem. - These
films are well-known for their ability to repel alighting aphids and
to delay the appearance of visuses the aphids transmit. Our studies
indicate that the effects of aluminum mulch on whiteflies is not as
great as the effects on aphids (Schuster and Kring 1988).
Nevertheless, the mulches do result in fewer whitefly adults
alighting on plants and do delay the build-up of populations of
immatures. They are not sufficient in themselves to control the
sweetpotato whitefly but as an adjunct to other control measures can
contribute meaningfully to the overall management of the pest.

Post-harvest Activities

Sweetpotato whitefly populations continue to develop on crop
plants after commercial harvest is completed and can later infest
other crops or weeds. Weeds thus infested can serve as reservoirs
for tomatoes planted in the following season. Whiteflies must be
managed in fields opened for u-pick.

Once harvest activities are completed, it is imperative that crops
be destroyed immediately. Turning off irrigation water is too slow
in killing plants and permits the continued development of whitefly
populations. The application of a contact herbicide rapidly kills
vines and reduces the numbers of sweetpotato whitefly adults
emerging from treated foliage; however, it does not eliminate
emerging adults. An insecticide or insecticidal combination that
is toxic to both adults and immatures (see Table 1) should be
applied either prior to or in conjunction with the application of
a labelled herbicide (see the discussion on weed management
elsewhere in these proceedings).

Obsexvations this past spring suggested that whitefly adults may
migrate distances greater than those encountered in the confines of
a single farm. In one instance, the numbers of adults captured on
yellow sticky traps in a newly planted tomato field were three to
four times greater than what was anticipated from previous
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experience. There were few or no whitefly immatures present on the
seedlings and they had been in the ground less than two weeks.
Furthermere, inspections of weed hosts on the perimeter of the field
revealed few whitefly adults or immatures present. Therefore, it
was concluded that the whitefly adults were not originating from the
field or the weeds and that the adults were migrating from a nearby
tomato field. The nearest such field was five miles away and had
been abandoned but not destroyed. When it was finally treated with
a herbicide, the numbers of adults trapped in the newly planted
field dropped to 1/3 or 1/4 of their previous levels. Although this
does not consititute a clear cause and affect, it does suggest that
adults may migrate and that there should be a cooperative effort
among neighboring growers of all susceptible crops (not just tomato
crops) in managing the whitefly and its host plants.

Host Plant Resistance

No commerically available cultivars of tomato are known to be
resistant to either the sweetpotato whitefly or the assoociated
irregular ripening disorder. Fruit from heavily infested cherry
tomato plants appear to exhibit symptoms of the disorder but
eventually appear to ripen normally. Germplasm derived from crosses
between wild species of tomato and the cultivated tomato has been
developed at GCREC for resistance to the 1leafminer and for
horticultural characteristics. Some of this germplasm also has
demonstrated resistance to the sweetpotato whitefly in the field.
Unfortunately, this germplasm is not horticulturally acceptible and
will not be available for commercial production for several years.

Insecticidal Control

In response to the threat of the sweetpotato whitefly to
ornamental crops and in anticipation of the development of the
problem on tomatoes and other vegetables, greenhouse and laboratory
screenings of insecticides were initiated in 1987 at GCREC.
Poinsettia was chosen as the test plant since the whitefly problem,
as it existed at the time, was focused on that.crop. Insecticides
selected for evluation initially included only those with some crop
registrations but were not restricted to those registered only on
ornamentals. Insecticides registered for. vegetables only or
vegetables and ornamentals were also included. Thus, immediate
recommendations on currently available and legal insecticides could
be made. Subsequently, insecticidal combinations and new
insecticides have been evaluated in attempts to find treatments for
improved whitefly control on tomatoes. In the trials, each
insecticide or insecticidal combination was evaluated for toxicity
to adults, eggs (and hatching crawlers), small and large nymphs and
pupae. Poinsettia remains the test plant so that the results of
later evaluations with new materials can be compared with the
results of earlier evaluations.

Results of these continuing evaluations are summarized in Tables
-1 & 2. Insecticides or insecticide combinations that are currently
registered for use on Florida tomatoes and that produced > 90%
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mortality of at least one lifestage of the whitefly are listed in
Table 1. Of these products, only Thiodan, Safer’s Insecticidal Soap
and Thirethrin are registered for greenhouse use. There apparently
was a misconception that the insecticides previously reported were
the only ones evaluated; however, approximately 50 insecticidal
treatments have been evaluated. Therefore the list of products
evaluated that aren’t registered on tomatoes or that did not produce
at least 90% mortality of at least one whitefly lifestage are
presented in Table 2.

Beginning in the spring of 1987, insecticides which appeared
promising in the greenhouse and laboratory evaluations, new
insecticides and insecticides which were being promoted to growers
by commercial firms but had not yet been evaluated, were evaluated
on field-grown tomatoes by GCREC researchers and cooperators. The
results of these trials are presented in Tables 3-10. Three of the
trials were conducted on commercial farms with two of them being
conducted with commercial application equipment (Tables 4,5,7 and
8). Three other trials using hand-held application equipment on
smaller plots at IFAS research centers were also conducted.

In every trial, at least one insecticide. or insecticide
combination resulted in fewer whitefly immatures on foliage compared
to untreated checks. Although there were reductions in the extent
of irregular ripening, no treatment eliminated the disorder.
Symptoms of fruit from treated plots were much more severe in small
plot trials (Tables 3,6,9 and 10) than in large plot trials (Tables
5 and 8). This was particularly true in the small plot trial in a
commercial field (Table 3) where whitefly adults quickly re-infested
plots after spraying. Therefore, the severity of the disorder
resulting from specific treatments in small plots would be expected
to be lower when the treatments are applied to larger areas.

New insecticides or insecticides that had not been evaluated in
the greenhouse and laboratory trials that appeared effective in
controlling the whitefly in the field trials include Brigade (a
pyrethroid) (Table 10) and Endocide Plus (a combination of Thiodan
and Parathion) (Table 6). Agri-Mek appeared ineffective in a small
plot trial in a commercial field (Table 3) but has since appeared
effective in both small plots (Table 6) and in large plots under
commercial conditions (Tables 7 & 8). In this latter situation,
Agri-Mek was alternated weekly with Thiodan. Guthion was effective
againts small nymphs in the laboratory studies (Table 1) but was
ineffective in whitefly management in a field trial (Table 3).
Alternations of insecticides of different classes (see comments
below) were evaluated in commercial fields wusing . commercial
application equipment and were found to result in reduced
populations of whitefly immatures and in reduced irregular ripening
(Tables 4,5,7 and 8). '

There are a number of factors growers should take into
consideration when developing an insecticide program for their
farms. Before selecting and applying any insecticide, growers
should read the label thoroughly. The insecticide label is the law



-16-

and insecticides cannot be used contrary to the label. Some of the
insecticides listed in Tables 2-10 are not registered on tomatoes
and cannot be used. These insecticides are included only to
illustrate the scope of research completed and the vrange of
susceptiblity of the sweetpotato whitefly to a broad base of
insecticides.

Thorough coverage of lower surfaces of leaves with insecticides
is essential, since all lifestages of the whitefly occur on the
undersides of foliage and since eggs, sessile nymphs and pupae do
not move and must be impinged by contact insecticides. Since
whiteflies are sucking pests, only systemic insecticides are in-
gested. Vydate is the only systemic insecticide listed in Table 1.

Resistance of the sweetpotato whitefly to organophosphate and
synthetic pyrethroid insecticides has been reported in California
(Prabhaker et al. 1985). In order to avoid or inhibit the
development of resistance in the insect in Florida, it Iis
recommended that insecticides of different classes be selected and
that they be alternated. Various altermations including pyrethroids
(Ambush, Asana XL), a chlorinated hydrocarbon (Thiodan), potasssium
salts of fatty acids (Safer’s Insecticidal Soap) and a carbamate
(Vydate) were effective in managing both the sweetpotato whitefly
and irregular ripening under commercial conditions in south Florida
(Tables 4,5,7 and 8).

Since all lifestages of the sweetpotato whitefly will probably be
present in tomato fields, growers should select insecticides or
insecticide combinations or alternations that kill adults and
immatures. Applications should be made weekly when the insect first
appears and increased to twice weekly if populations increase. No
action thresholds for timing insecticidal applications are available
at the present time.

Some of the insecticidal products listed in Table 1 and evaluated
in the field trials have restrictions on their labels limiting the
amount of active ingredient that can be applied to a crop. These
include Ambush, Asana, Pounce, Pydrin, Vydate, Thiodan and the

combination of Monitor and Pounce. When applying insecticides
frequently, one may need to alternate among three or more different
insecticides to avoid exceeding label restrictions. Growers are

again encouraged to comsult product labels before applying any
pesticide.

Biological Control
Biological control of the sweetpotato whitefly has been studied

for many years at various sites around the world. Several species
of small parasitic wasps have been recovered on various host plants

in Florida. A biological control project has recently been
initiated at GCREC to identify and evaluate such parasites occurring
in Florida and elsewhere in the Caribbean. Promising parasite

species will be evaluated for their ability to attack the whitefly
on a variety of host plants. Susceptiblity of promising parasictes
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to selected insecticides commonly utilized on tomatoes will be
determined so that the parasites can be integrated into existing
pest management programs. I1f promising parasites from the Caribbean
are found, they will be considered released in Florida to aid in
management of the sweetpotato whitefly.

A pathogenic fungus has been recovered in the greenhouse and may
be effective in managing the sweetpotato whitefly in transplant
production facilities (Osborne, personal ébmmunication). The fungus
has not been recovered in the field. It is still ynder
investigation and is not commercially available.

Although the sweetpotato whitefly has only been a pest of Florida
tomatoes for about a year and a half, it is likely to continue as
a problem for years to come. Integrating cultural and insecticidal
control tactics offers the best approach to successfully managing
the pest. Reliance soley upon insecticides c¢could lead to the
development of resistance in the whitefly and compound an already
bad situation. Biological control and host plant resistance offer
encouragement for the successful long-term management of the pest
in the future.

Precautions

Commercial products are mentioned in this publication solely for
the purpose of providing specific information. Mention of a product
does not constitute a guarantee or warranty of the products by the
Agricultural Experiment Station or an endorsement over products not
mentioned.

This publication also reports research involving pesticides. It
does not contain recommendations for their use, nor does it imply
that the uses discussed here have been registered. All uses of
pesticides must be registered by appropriate state and federal
agencies before they can be recommended.
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Management of Weeds and Crop Residues

James P. Gilreath
Gulf Coast Research & Education Center
Bradenton, FL

Phyllis R. Gilreath
Florida Cooperative Extension Service
Palmetto, FL

William M. Stall
Vegetable Crops Department
Gainesville, FL

David J. Schuster
Gulf Coast Research & Education Center
Bradenton, FL

Although weed control has always been an important component of
tomato production, its importance has increased with the
introduction of the sweet potato whitefly and development of the
associated irregular ripening problem. Increased incidence of
several viral disorders of tomatoes also reinforces the need for
good weed control. Common weeds, such as the difficult to
control nightshade, and volunteer tomatoes (considered a weed in
this context) are hosts to many tomato pests, including sweet
potato whitefly, bacterial spot, and viruses. Control of these
pests is often tied, at least in part, to control of weed hosts.
Most growers concentrate on weed control in row middles; however,
peripheral areas of the farm may be neglected. Weed hosts and
pests may flourish in these areas and serve as reservoirs for
re-infestation of tomatoes by various pests. Thus, it is
important for growers to think in terms of weed management on all
of the farm, not just the actual crop area.

Total farm weed management is more complex than row middle weed
control because several different sites, and possible herbicide
label restrictions are involved. Often weed species in row
middles differ from those on the rest of the farm, and this might
dictate different approaches. Sites other than row middles
include roadways, fallow fields, equipment parking areas, well
and pump areas, fence rows and associated perimeter areas, and
ditches.

The greatest row middle weed control problem confronting the

tomato industry today is control of nightshade. Research and
grower experience have demonstrated the low efficacy of Gramoxone
Super for control of nightshade. Although several preemergence

and postemergence herbicides have provided good comntrol of
nightshade in research, none of the currently labeled
preemergence herbicides work that well and only Diquat and Enquik
are labeled for postemergence control of nightshade in tomato row
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middles. (Diquat's section 18 registration was due to expire
August 31, 1989; however, renewal is expected.) A few isolated
instances of nightshade resistance to Diquat have been reported;
however, most growers are able to obtain satisfactory control
with Diquat. Enquik (6 gal. or more per acre), when combined
with Gramoxone Super (0.5 1lb.a.i./acre), has provided good
control of nightshade. Both Diquat and tfie combination of Enquik
and Gramoxone Super frequently require two applications for best
control. Where grass weeds are large and thick, Gramoxone will
do a better job than Diquat. If the grass population is sparse
or the grass weeds are small, Diquat will perform adequately.
Enquik alone will control nightshade, but will not control
grasses, thus the need to tank mix Gramoxone Super with it.
Unocal, the manufacturer of Enquik, recommends application in
approximately 40 gal. of water per acre with & minimum pressure
of 40 psi at the nozzle. Growers who use Enquik at this pressure
must minimize spray drift by assuring that the curtains/shields
on their sprayers are properly adjusted. Research (Gilreath &
Gilreath, unpublished data) indicates the greatest efficacy from
Diquat is obtained with 2 applications of the label rate (0.50
lb.a.i./acre) applied in 50 to 75 gal. of spray preparation per
acre to nightshade plants which are 4 to 6 inches tall. VWhen
applied to seedlings (less than 2 inches tall), Diquat provided
poor control, thus the importance of the 4 to 6 inches size
range. Application at volumes of 100 or more gal./acre reduced
Diquat efficacy as did application at 25 gal./acre. Addition of
a good surfactant is important with Diquat and Enquik. We found
that increasing the rate of X-77 from 0.257 to 0.75% increased
Diquat efficacy.

Disking is probably the least expensive weed control procedure
for fallow fields. Vhere weed growth is mostly grasses, clean
cultivation is not as important as in fields infested with
nightshade and other disease and insect hosts. In the latter
situation, weed growth should be kept to a minimum throughout the
year. If cover crops are planted, they should be plants which do
not serve as hosts for tomato diseases and insects. Some
perimeter areas are easily disked, but berms are not and some
form of chemical weed control may have to be used on these areas.
We are not advocating bare ground on the farm as this can lead to
other serious problems, such as soil erosion and sand blasting of
plants; however, where undesirable plants exist, some control
should be practiced, if practical, and replacement of undesirable
species with less troublesome ones, such as bahiagrass, might te
worthwhile.

Use of rye as a windbreak has become a common practice in the
spring; however, in some cases, adverse effects have resulted.
If undesirable insects buildup on the rye, contact herbicide can
be applied to kill it and eliminate it as a host, yet the

.remaining stubble could continue serving as a windbreak.
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Certainly fence rows and areas around buildings and pumps
should be kept weed-free, if for no other reason than safety.
Roundup can be applied in these situations, provided care is
exercised to keep it from drifting onto the tomato crog.

Field ditches as well as canals are a special consideration
because many herbicides are not labeled’for use on aquatic sites.
Where herbicidal spray may contact water and be in close
proximity to tomato plants, for all practical purposes, growers
probably would be wise to use Diquat only. On canals where drift
onto the crop is not a problem and weeds are more woody, Rodeo, a
systemic herbicide, could be used. Other herbicide possibilities
exist. Growers are cautioned against using Arsenal on tomato
farms as tomatoes are very sensitive to this herbicide.
Particular caution should be exercised if Arsenal is used on
seepage irrigated farms as it has been observed to move in some
situations.

Eradication of weeds before they bloom is very important
because many weeds are prolific seed producers. Each weed left
" to produce seed is adding considerably to the soil seed reservoir
which represents a grower's weed control problem for years to
come. Also, these weeds can be thought of as nurseries or
reservoirs for tomato pests.

Additionally important is good field sanitation with regard to
crop residue. Rapid and thorough destruction of tomateo vines at
the end of the season always has been promoted; however, this
practice takes on new importance with the sweet potato whitefly.
Good canopy penetration of pesticidal sprays is difficult with
conventional hydraulic sprayers once the tomato plant develops a
vigorous bush due to foliar interception of spray droplets. The
sweet potato whitefly population on commercial farms was observed
to begin 'a dramatic, rapid increase about the time of first
harvest in the spring of 1989. This increase appears to continue
until tomato vines are killed. It is believed this increase is
due, in part, to coverage and penetration. Thus, it would te
wise for growers to continue spraying for whiteflies until the
crop is destroyed and to destroy the crop as soon as possible
with the fastest means available.

The importance of rapid vine destruction can not be
overstressed. Merely turning off the irrigation and allowing the
crop to die will not do; application of a dessicant followed by
burning is the prudent course. Presently, no herbicide is
clearly interpreted as labeled for dessicatiom of tomato plants.
The most rapid and thorough kill of mature tomato plants in
research on grower farms (Gilreath & Gilreath, unpublished data)
was observed with Gramoxone Super (paraquat) and Diquat. Diquat
was faster acting and provided more complete kill than Gramoxone
Super at any rate from 0.25 to 1.0 1b. a.i./acre. Both products



!
i

- —— T T T

=33~

were much more efficacious than Roundup or Ignite applied at
rates as high as 2.5 1b.a.i./acre. Enquik killed tomato plants
much slower than Diquat or Gramoxone Super and required 12
gal./acre to provide control similar to Gramoxone Super.
Preliminary research (Schuster & Gilreath, unpublished data)
indicates application of Diquat or Gramoxone Super reduces the
number of adult whiteflies which emerge from treated foliage one
or more days after applicatiom. Thus, rapid dessication with
either of these herbicides reduces subsequent emergence of
whiteflies and eliminates tomato plants as hosts.

Fach situation is different, yet weed and crop residue
management should be thought of in terms of the entire farm.
Different areas of the farm require different approaches with
many factors determining the best approach. Fach grower should
develop a program for his farm with consideration of the
interrelationship between weed (and crop residue) .and
insect/disease pests. A good management program may not
eliminate serious pests, such as sweet potato whitefly, but it
could have an impact. The industry's current problems dictate
that growers do all they can to keep the population of sweet
potato whitefly and other pests inm check,

NOTE: The use of trade names in this article is sole1y> for the

purposé of providing information and does not necessarily
constitute a recommendation of the product.
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BIOLOGY AND MANAGEMENT OF THRIPS AND
TOMATO SPOTTED WILT VIRUS

J. E. Funderburk and V. E. Salguero
North Florida Research and Education Center
Quincy, Florida 32351

Thrips in the genus Frankliniella are polyphagous
insects that are pests of numerous crops worldwide.
Economic damage can occur from feeding and ovipositional
activities that result in injury to leaves, flowers, or
fruit. Economically important species include F.
occidentalis (western flower thrips), F. fusca (tobacco
thrips), F. tritici (flower thrips), and F. bispinosa.
Although originally confined to the western half of the
U.S., the western flower thrips has moved into the
southeastern U.S., being first recorded in Georgia in
1981 (Beshear 1983). The species is now present through-
"out most of the region, including Florida. Little is
known about the pest status of western flower thrips and
other thrips species inhabiting tomato. However, thrips
were implicated as the cause for cosmetic fruit damage
occurring on tomatoes grown in North Florida. This
damage was severe during the spring growing seasons of
1985, 1986, 1988, and 1989. It also has been noted on
tomatoes grown in Alabama, South Carolina, North
Carolina, and South Florida. ' :

Several species of thrips are known vectors of
tomato spotted wilt virus. The disease has a wide host
range and is worldwide in distribution (Sakimura 1962),
but has only recently been found in the southeastern U.S.
Tomato spotted wilt virus was reported extensively in the
region during 1986 on tomato, pepper, and other crops
(Reddick et al. 1987, Hagan et .al. 1987) and was first
noted in North Florida in 1986 (Olson and Funderburk
1986) and in South Florida in 1989.

The economic threat of Frankliniella spp. thrips and
tomato spotted wilt virus to tomato in South Florida
production areas is unknown. Thrips and tomato spotted
wilt virus are the most economically important management
problem for North Florida producers. A research effort
is underway at the North Florida Research and Education
Center to develop management strategies. The purpose of
this paper is to review information on biology and
management, including new research findings.

Wild Hosts. The western flower thrips has a wide
host range. Bryan and Smith (1956) reported 139 plant
species were hosts in California. Multiple wild host
plant species inhabit areas in and around crop fields.
Sakimura (1962) found western flower thrips were abundant
on 18 plant hosts commonly found around tomato and
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_ lettuce plantings in California. The pest was associated
with 48 plant species around lettuce fields in Hawaii
(Yudin et al. 1986). Stewart et al. (1989) noted that
western flower thrips were common on 12 known host plants
growing around peanut fields in Texas. The host ranges
of tobacco thrips, flower thrips, and F. bispinosa also
are great, but there is little published information on
population dynamics of these species on wild hosts.

Tomato spotted wilt virus has a multitude of host
plants. There are 236 plant species representing 34
families that are known hosts of the disease (Cho et al.
1986, Best 1969). Wild host plant species play an
important role in the dissemination and spread of the
disease (Yudin et al. 1986). Species of thrips known to
vector tomato spotted wilt virus in North America include
western flower thrips, tobacco thrips, and onion thrips
(Thrips tabaci Lindeman). Bald and Samuel (1931)
reported that only adult thrips transmit the virus after
feeding on infected plants in the larval stage. Primary
infections, following mass invasions of thrips from
outside habitats of wild host plants, are important in
introducing tomato spotted wilt virus into a crop field
(Reddy et al. 1983). After primary infection occurs in
a field, additional secondary spread occurs when immature
thrips feed on infected plants, mature, and spread the
virus to additional, uninfected plants.

_ Research is currently underway to determine popula-
tion dynamics of Frankliniella spp. thrips on wild hosts
around tomato fields in North Florida. This research has
already revealed that numerous wild host plant species
play important roles in the population dynamics of thrips
around tomato fields. Additional research is planned to
identify wild hosts of tomato spotted wilt virus in North
Florida. Because of the great difference in the flora
and fauna between North and South Florida tomato produc-
tion areas, similar studies will be needed in South
Florida if thrips and tomato spotted wilt virus become
an economic problem. ‘

Seasonal Abundance in Tomatoes. Thrips densities
in tomato blooms were estimated weekly in two commercial
tomato fields in North Florida during the spring cropping
seasons of 1987, 1988, and 1989 and during the fall
cropping seasons of 1987 and 1988. Blooms were placed
in individual vials containing 70% ethyl alcohol and
returned to the laboratory for processing, identifica-
tion, and counting. Densities of adult thrips were
greater in 1988 and 1989 than in 1987 (Figure 1). The
peak densities occurred in May during each of the 3
Years. Densities declined greatly during June. Very
few thrips were noted during the 1987 and 1988 fall
cropping seasons (Figure 2). Adults of western flower
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thrips, tobacco thrips, and flower thrips accounted for
over 96% of the adult thrips collected in the tomato
blooms. F. bispinosa was infrequently collected, but
accounted for most of the remainder. Very few immatures
were collected on any sample date during the spring and
fall cropping seasons.

A sampling program to estimate density of thrips in
" tomatoc blooms suitable for scouting programs is being
developed from the seasonal abundance data collected in
North Florida. Time of day when sampling and sampling
location within a field had little or no influence on
density estimates. However, estimates were greater for
blooms on the upper half of tomato plants compared with
blooms on the lower half of tomato plants.

Little information exists regarding the seasonal
abundance of thrips inhabiting tomato fields in South
Florida production areas. However, unpublished informa-
tion from various sources indicated that F. bispinosa has
been the most common species in tomato in South Florida.
The possibility exists that the western flower thrips
recently has established and increased in importance in
South Florida production areas. Detailed studies are
needed to evaluate the population dynamics of thrips in
tomatoes in South Florida production areas.

Direct Injury to Tomato Pruit from Thrips. We
reproduced the cosmetic fruit injury associated with
thrips by confining western flower thrips adult females
on tomato blooms and small fruit. The resulting injury
was identical to that reported on young grapes (Yokoyama
1977). The injury is best described as a small indenta-
tion, with a 1light halo sometimes surrounding the
indentation. As in grapes, this injury is apparently
caused by ovipositional activities by the females. A
single egg is visible within each indentation, and
immature thrips hatch from young fruit within a few days
of the sloughing of the corolla. It was not possible in
these experiments to induce female tobacco thrips and
flower thrips to oviposit on blooms or small fruit.
Males of each species also were confined similarly, but

no injury resulted. Female western flower thrips
apparently are responsible for the cosmetic fruit damage
occurring on tomatoes in North Florida. Additional

studies are being conducted to determine the relationship
between the number of female western flower thrips and
the amount of cosmetic fruit injury.

Control Tactiecs. Several insecticides are labeled
for thrips control in tomato or are labeled for tomato
and have efficacy against thrips. No experimental trials
have been conducted to compare efficacy of the available
insecticides. Based on grower experiences in North



Florida, only methamidophos (Monitor, Chevron Chemical
Co. and Mobay Chemical Corp.) has proven effective
against adult and immature thrips in the tomato blooms.
This insecticide gives residual efficacy of only a few
days. The grower is limited by the label in the number
of applications per season.

The only available control of tomato spotted wilt
virus in tomato is through the use Oof insecticides to
control the thrips vectors. Control of adult thrips
moving into tomato fields is effective in reducing
primary spread of the disease, while control of immature
thrips is important in reducing secondary spread of the
disease.

Cultural controls and resistant varieties may
eventually prove useful in reducing economic losses from
thrips and tomato spotted wilt virus, but are not
currently available for growers. Certain colored mulches
may be useful in disrupting colonization of tomato blooms
by thrips. The elimination of certain wild hosts in and
around fields. has been proposed as a cultural control
tactic (Yudin et al. 1986, Stewart et al. 1989).

Management Programs. Informational shortfalls have
hampered efforts to develop management strategies. A
lack of detection and control in North Florida has
resulted in unacceptable economic losses from cosmetic
fruit damage by western flower thrips and from tomato
spotted wilt virus. Many growers have resorted to
applying pesticides prophylactically which is an un-
desirable practice for integrated pest management
programs. The practice is overly costly and frequently
results in additional losses from secondary outbreaks of
spider mites, leafminers, and other pests. Resistant
thrips populations may also result from sole reliance on
pesticides, especially considering that only one insec-
ticide has good efficacy against both immature and adult
thrips.

Although there are still important informational
shortfalls, enough new research findings are available
to develop a more acceptable integrated pest management
approach. Our studies on seasonal abundance in North
Florida have revealed that there are many times when
economically important densities of thrips are not
present in tomato fields (Figures 1 and 2). Conse-
quently, we are generating research data to develop an
efficient scouting program to estimate thrips density in
tomato blooms and to determine economic thresholds for
each thrips species. With these findings, a reliable
treat-only-when-necessary management approach is being
developed. The presence in tomato blooms of several
thrips species complicates management, because scouts are
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not able to reliably identify thrips to species directly
while in the field.

During periods when thrips have migrated.into.tomato
fields in massive numbers in North Florida, it has proved
a practical impossibility to keep populations below
economic threshold densities with the use of insec-
ticides. Economic losses from cosgetic thrips damage and
from primary infection of tomato spotted wilt virus have
been very great under these circumstances. Undoubtedly,
other control tactics (e.g., cultural control and host
plant resistance) need to be developed and combined with
chemical insecticides to reduce such economic losses.
Insecticides alone have proven very effective in elimina-
ting secondary spread of tomato spotted wilt virus.
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TARGET SPOT, EARLY BLIGHT, BACTERIAL SPOT, AND BACTERIAL SPECK:
IDENTTFICATION AND CONIROL

John Paul Jones and Jeffrey B. Jones
IFAS, University of Florida
Gulf Coast Research & Education Center
Bradenton, FL 34203

L

Target spot, caused by the fungus Corynespora cassiicola, was first

reported on tamato in Florida in 1972 (Blazquez, C. H. 1972. Target spot
of tamato. Plant Dis. Reptr. 56:243-245). The disease thereafter occurred
sporadically and rena.ined. relatively unimportant in Florida until the fall
of 1987 when it resulted in severe foliage and fruit loss in the Manatee-
Ruskin area. Target spot currently is serious in the norﬁa Florida, west
central Florida, and southwest Florida tomato growing areas, often
developing concomitantly with bacterial spot, caused by Xanthomonas
campestris pv. vesicatoria and occasionally with bacterial speck, caused by

Pseudanonas syringae pv. tamato. Because the chemical control strategies

suggested for the bacterial-incited diseases will not adeguately control
target spot and the strategies for the chemical control of target spot will
not control the bacterial-incited diseases, it is imperative to éccurately
diagnose the disease or diseases that are occurring to ensure maximum
disease protection. This is very difficult because the symptams of target
spot, bacterial spot, and bacterial speck, as well as those of early blight

(Alternaria solanii), are similar. Diagnostic characteristics and control

chemicals are given in Table 1 to help in the identification and control of
these four diseases. Nonetheless, field identification remains difficult
and risky at best. It is strongly recamended, therefore, that a positive

ID be made in a disease clinic or laboratory. o



*Ase218 pue
uMoIq MIBp 9pIsSaAdpuf]

*92ZTS Ul um ¢
‘sjods payroOSIaIBM
uMolIq jIep ‘yyieuUs

*sjods

3uno4 punoie 3uou
‘SUOTS9| Ianjew punoae
sa07ey MOTT9L Jy3tag

43—

*83UTI DTIJUIDUOD O

‘3wl

aues 9yl le dojl o3
wol3oq woxlj pajdajje
9q 4dew jueld 21F3ujx

*seaxe adiey

SUTTTF ‘99sa1e0d TTTM
*s30ds jea] snoasumy

‘9peiq 30
dra xesu AJTefoadsa
¢sjods jo Jupxaisni)
TUOFINQFIISTP uaasuf

- ADAAS TVI¥dIOVH

Jo yooads Tetasloeq pue ‘jods felaaloeq ‘ay3dyrq

*fse913 pue
uMoiq jiep apEsiapuq

*9Z[8 Ul wm G~-¢ °‘sjods
pa’eosiajem *yaep Treuws

*sjods Sunoi punoixe

9UOU ‘SUOESIT 2Injewm PUNOIR
auou 03 saofey MoTIaL [Ing

*S8ura 9TA13uUd0U0D ON

*owyll Jwes

3y3 e dol 03 wolloq wWOlj
pa2390933e aq Aem jJueyd aayjuy

*seale
93aeY BUTTITH €30S2[ROD

TITM °S30ds jeaT snolxsuny

“8pe1q jo dfal xeau

L1fe¥oadsa ‘sjods jo Burael
-SNT) “UOTINQTIISTP uaAIU[

10dS TVI¥ALOVE

*Autys AT3y3T(s pue umnoiq
*umolq MaIep IpFsiapuf Jyiep 30ds B jJOo Ipysaapug
*JEaT 91TIUD SA[OCAUT

pue 9asafeod Lely “‘ainjew
uoym 92FS Ul wm g ‘sjods
JesT pP210T09 UMO1q UNTPIR

‘8aInjewl UsYM wWW g
g30ds 83aeT ‘umoaq jieq

*dr3 wels

9yl aeau suofsay 3unof ayl

punoxe A7TeFoadse *sjods Jes

‘seaotey MOTI?L T1INQ punoie saojey mol[a4 Iydrag
*S3aAEad[ IIpTO

3yl uo Aryeroedsa ‘s3uri
JFI3U93U0d MIep paounou
-o0ad dofsasp sjods jear

*s8ufa oFa3
-uaduo0d 3uyey dojaasp
LAew sjods Fea[ I9PIO0

*piendn sossaidoad ‘9wl
pue jueld a9yl Jo woljoq auwes 3yl je dol o3 woljoq
9yl U0 ISIFJ SANDD0 ISEBIST( wo1j palolajje jueTd aariuy

"apeIq JBSY 9IFIud 3yl 3uia

*p21211eds AT9PTM -T1oauT s3jo0ds yea] snolauny

‘apeIq 3JEBIT UO
*UOFINQTIISFP U3ay sjods JO UOFINQIIISTP UaAjl

IHOLI1d ATavd L0dS 1aDAVL

*epTIOT4 UT O3rWO3
A11ea ‘jods 3931e) JO TOIJUOD [BOTWAYD pue swoldmis °1 ITqBL



*29ddod + ga@zoouem
‘19ddod + (dufz 4+ qaueuw)
fxaddoo :s3j071d yoiess
—-31 Ul SNOTIBITII
ale jeyl STEIFWIY)

bl

*8193U90 uadjuns pue
suydiew pasfel Yifm
s)oads jyoBlq TTPWS

*37ounpad pue
¢{ao1pad ¢‘sroraad uo
Su0T83] TeAO TTeBWS

‘@wa3s uo
SUOFS3] puUNOl 03 TRAQ

*x9ddoo + g9zoouemw

‘xaddoo 4 (dujyz + qauem)
18307d yoxeassa U SNoOIo
—-BDFJJ9 9ie 3IpYl STEROFWIY)H

*saoTBYy MOTT34L 03 YSTITYm
aaey Aemw “‘suoysa] Aqqeos
‘y3nox ‘pesTel ‘umoxqg

*3083TROD
Aew ‘o7ounpad pue [e0fpad
‘a1or3=d uo suorsSa [TEUS

*9089Tr00 Keuw
‘mols uo syoods [yEwWS

*DUTZ + qauew

‘qgazoourd ‘JFuoTeY3IOIOTYD
:8307d yd1®9Ea1 UL SBNOTD
-BOTJJ2 218 JeY3 STEIFWIYD

*XAIBD JUTATOAUT UD]1JO pua
wals 3B S3UFI ITIJUIDUOD
YITA SUO}Sa] umoiq adaeq

*3a7ounpad pue
‘3fnay ‘xLfed JUFATOAUT
SUOTS3T DFIIUaDuod Idieq

. ‘s3uga
OFI3UuadU0d YITM SUOTSIT
w9ls punol 03 ale3uoly

. ¢ T4mou3q

+ g@zooueu ‘qazoduru 4
13ddoo 4 TFuoleyloIoTyo
‘qouem 4+ xaddod 4 TTuO
-TBY3IoIOTYD ‘TTUOTBYIOIOIYD
:s307d yoieasai uf Snoyo
~-BJTJJ9 °ae 1BY] STEIFuay)

*syoe1d padeys-susy
Yyira “suoysajy 98ier o
s193810
padeys-jua9said *q
o3emep Aeads
03} IBTWfS ‘sydads ‘e
:£3TIn3EW
3Inx3 uo Sujpuadap
9TqeFIEBA SUOFSaT 1Ny

*s1a01pad pue ‘sapounpad
‘31aM0TI Jo 3Yy3TTq Bugsned
SUOTS9] TTBWS Snolamny

*3088Te0D AR
*s3uTx DTiJU8dUO0D ou ‘wals
uo S)e31ls molirvu aj3eduory



45—

IFAS TOMATO BREEDING PROJECTIONS FOR THE 1990's
J. W. Scott

Gulf Coast Research & Education Center
5007 60th Street East
Bradenton, FL 34203

€

The primary objective of the IFAS tomato breeding program is
to release germplasm, either as finished cultivars or as breeding
lines, which have novel genetic improvements. Emphasis in the
1980's has been on development of superior inbred lines and this
will continue in the 1990’s. However, it is difficult to fix all
desirable traits in a single inbred (open-pollinated) line. Thus,
when inbreds with many desirable traits are developed, they are
tested in hybrid combinations for commercial acceptability. This
was the procedure used for the 1988 release of the heat tolerant
hybrid ’‘Solar Set'.

In past Tomato Imnstitute talks, an overview of the IFAS
breeding program was presented. The purpose of this presentation
is to only report on a few projects. Some are near cultivar
release, a status report will be given for some others and a few new
projects will be introduced. :

Projects With Cultivars Near Release. The next projected finished
cultivar release will be a hybrid resistant to Fusarium wilt race

3. In spring 1989, about 100 Fl's were evaluated. Of these, 7 were
selected for yield evaluation in comparison with cultivars Sunny and
Solar Set (Table 1). Results were promising, but further evaluation
is needed to determine the real value of these experimental hybrids.
All are jointed except Fla. 7308 which is jointless. With extensive
testing, and barring problems, the best of these hybrids could be
ready for release by fall 1990. However, new Fusarium race 3
resistant hybrids will be tested next spring using newer inbreds and
one of the Fy's could be released instead in 1991. All Fusarium
wilt race 3 resistant hybrids are also resistant to Fusarium wilt
races 1 and 2, Verticillium wilt, and gray leafspot. It is not
anticipated that there will be any compromise of yield or quality
with these or any future finished cultivar releases from this
program. Thus the released cultivar should be of great benefit in
Fusarium wilt race 3 infested fields, but also comparable or better
than other cultivars in fields without Fusarium race 3. Parent
lines will be made available to seed companies for their breeding

.programs.

Several cherry tomato breeding lines will likely be released
in the fall of 1989 or spring 1990. Each has a disease resistance
not yet commercially available and may be useful to seed companies
in developing finished cherry cultivars. Several cherry lines were
evaluated in a yield trial in spring 1989 (Table 2, data provided
by T. K. Howe). Fla. 7221 and Fla. 7222 are resistant to bacterial
spot, Fla. 7223 and Fla. 7224 are tolerant to Fusarium wilt race 3,
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Fla. 7225 is resistant to Fusarium wilt race 3 and Fla. 7226 is
resistant to Fusarium crown rot. In comparison to ‘Cherry Grande’,
all the breeding lines are smaller fruited, which for the most part
is considered desirable. Total yield of Fla. 7226 was not
significantly different than ‘Cherry Grande’, whereas total season
yields of other lines were less in part due to the reduced fruit
size. A bacterial wilt resistant cherry line not tested with the
above may also be released.

€

0ld Projects, Present Status. The focus here will be on heat
tolerance and bacterial spot resistance. New heat tolerant hybrids

are being tested, but there are no plans to release any at present.
A new array of heat tolerant inbreds is being evaluated for improved
fruit size, horticultural type, and tolerance to bacterial spot.
If one or more of these inbreds prove worthwhile, the efficiency of
producing heat tolerant hybrids with other types of lines will be
enhanced. The next anticipated release will combine heat tolerance
with a high level of resistance to bacterial spot. It is not
possible to accurately predict when such releases may be available.
It depends on unknowns for both the heat tolerant and heat sensitive
parents. Advanced testing could begin as early as next year or not
for several years. The bacterial spot resistance work has been
difficult due to complex genetic control, erratic selection
environments, and possibly some unfavorable linkages which must be
broken. This project will continue to receive an intensive effort.

New Projects. All present day nematode resistant cultivars have,
been derived from a single gene which was introgressed from a wild
species in the 1940’s. This resistance is not always effective in
Florida as it breaks down when soil temperatures are greater than
28°C (82°F) which is often the case in our plastic mulched beds.
Some recent work in California reported nematode resistance which
was effective under high soil temperatures. This heat stable
resistance is in Lycopersicon peruvianum, a wild species which
requires two generations of embryo culture to obtain offspring when
crossed to tomato. In 1988 and 1989, crossing and embryo culture
of this material was done and 18 backcross plants were obtained.
Self-pollinated seed was obtained on only 4 of these plants and
sibling pollinations have been obtained on most of the others. At
present, the lines are being field tested under high temperatures
in cooperation with our "retired" nematologist, Mrs. A, J. Overman.
It is hoped that resistance will be verified in some of the
backecross lines. When seed of resistant backcrosses is available,
it will be distributed to those seed companies with interest.
Genetic analysis will be conducted to determine how to best
incorporate the heat stable nematode resistance into improved
breeding lines. A long term goal is to combine genes for resistance
to numerous soil-borne pathogens into a single cultivar to avert
problems which could occur if fumigants are lost.

There has been little breeding activity so far with regard to
the irregular ripening caused by the sweetpotato whitefly. Once the
cause of the problem is elucidated, a logical breeding approach can
then be pursued. ' If it is a virus, then it may be easiest to breed
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for resistance to the virus and not the whitefly. Alternatively if
the disorder is caused by the whitefly itself, resistance to the
whitefly might be the best approach. Thusfar several fruit color
mutants have been assayed for irregular ripening in cooperation with
Drs. D. J. Schuster and J. B. Kring in the field and all expressed
the disorder. This indicates the disruption of ripening takes place
early in the carotenoid development pathway. Preliminary assessment
of genetic lines derived from L. hirsutym and L. pennellii for
resistance to the sweetpotato whitefly are being made. Earlier work
with vegetable leafminer resistance derived from L. hirsutum has
proven quite difficult since resistance is generally lost when
plants begin to resemble tomatoes. If resistant, L. pennelliij
derived lines might be easier to work with than L. hirsutum lines.
An accession of L. pennellii was the source of resistance to
Fusarium wilt race 3 so early generation lines are already available
for testing if sweetpotato whitefly resistance is pursued. Once the
cause of irregular ripening is elucidated, developing resistance or
tolerance will become a major project for the 1990's.
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RESULTS OF NITROGEN AND POTASSIUM DEMONSTRATIONS FOR TOMATOES IN SOUTH FLORIDA

George Hochmuth
Ed Hanlon
Phyllis Gilreath
Ken Shuler

INTRODUCTION *

Optimum fertilizer management is a key to profitable
production of high quality vegetables. Traditionally, large amounts
of nitrogen (N) and potassium (K;0) are used for tomato production
(5). Commercial application rates of fertilizer are often two to
three times the rates of 160 1b/A of N or K0 recommended by IFAS
for soils testing low in Mehlich-I K.

Research on N rates for tomato have been rather inconclusive.
In general, tomato yields did not increase when N rate was raised
above 200 1b/A (1,2,10). In some studies, yield did not increase
above about 150 1b/A (3,5,10). Sometimes, a decrease in yield
occurred as N rate increased above 225 1b/A (4).

Much less work has been done with K fertilization of tomatoes.
In most studies, K,0 rates varied with N because researchers were
using rates of a mixed fertilizer. In recent work, onme cultivar of
tomato responded to K,0 rates above 225 1b/A while another cultivar
did not (4). It was interesting to note that the cultivar that did
not respond was the higher yielding cultivar.

Early studies linked K to tomato-quality factors, such as gray
wall and blotchy ripening. One study suggested that gray wall was
related to the "ratio" of K to N in certain seasons. However ratios
were confounded with N and K rates in that study and, in general,
results were inconclusive (7). In a more recent study, blotchy
ripening and graywall were reduced but not eliminated by increasing
the K rate (11). Even rates above 700 1b K,0 did not eliminate the
disorders.

The studies reported here were conducted for basically two
purposes. One purpose was to field-test current IFAS
recommendations for rates of N and K. The second objective was to
obtain more information on tomato responses to N and K rates that
would permit refinement of the overall commercial fertilizer
program. One goal here was to evaluate K applications that were
based on soll testing compared to those set by the "ratio" concept.

PROCEDURES
Three studies were conducted in the fall, winter, and spring
during the 1988-1989 tomato season in Palm Beach and Manatee

counties. Crops were grown on commercial tomato farms.

In Palm Beach, tomatoes were planted on mulched beds that were
on 5.5-ft centers. Following the grower application of starter
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fertilizer, the experimental fertilizer was applied to the bands on
top of the beds. Soil tests showed that the soil was "very low" in
K (Table 1) (6).

In Manatee County, studies were conducted on commercial tomato
farm using the "single row" bed system, where bed centers were
separated by 13 feet and an irrigation ditch. Fertilizer treatments
in the fall were 160, 220, and 280 lb N/A apd 80, 160, and 240 1b
K,0/A as KNOj, Ca(NOg), and NH4NO3. For the Spring crop, the rates
were 180, 240, and 300 1b N/A and 120, 200, and 280 1b K,0/A. These
rates of N and K,0 were combined in all possible combinations to
make nine treatments. Commercial rates of fertilizer were 336 1b
N/A and 530 1b K,0/A in the Fall, and 400 1b N/A and 624 1b X,0/A in
~the Spring. Soil tests showed that the Fall location was "very low"
in K while the Spring location was "low" for K (Mehlich-I
extractable values).

In all studies, tomatoes were harvested simultaneously with
the commercial crop, often by the commercial harvesting crew.
Fruits were hand graded in the Palm Beach and Manatee Fall studies,
but were machine graded in the Manatee Spring experiment. Tomato
leaves were collected through each season for laboratory N and K
analyses. Fruit samples were collected from each plot for ripening
and laboratory chemical analyses of quality components. This report
will focus on the yield and size quality aspects of the study.
Nitrogen and K effects did not interact so only the main effects of
each will be presented.

RESULTS

Manatee, Fall 1988. Tomato yields did not respond to N rates (Table
2) or to K rates (Table 3). The treatment of 160 1b/A of each N and
K,0 produced yields equal to those from 280 1b/A of N or K,0. The
Fall 1988 season at this site included over 15 inches of rain in a
short period early in the season. Leaf-tissue results for N showed
that leaf-N status was adequate, remaining near 4% even into
October. Soil samples at the end of the season showed moderate
amounts of fertilizer remaining in the beds from the plots that
received high fertilizer rates, especially K. Total soluble salts
were relatively low (800 ppm on a 1:2 S:W extract) at the end of the
season except for the commercial-grower plots.

The Manatee Fall 1988 results show that considerable
reductions in fertilizer rates are possible without a sacrifice in
tomato yields (early or total) or a sacrifice in size. Even in a
wet season, reductions in fertilizer rates were possible at this
location. The data also show that "ratios" of N and K were mnot
important because the 160 N/80 K,0 treatment (2:1) did as well as
the 160 N/280 K,0 (1:1.75). Furthermore, the 160 N/80 K,0 treatment
yielded statistically the same as the grower plots that received 336
1b N/530 1b K,0/A (1:1.6), although the apparent trend was in favor
of the lower (IFAS) fertilizer rate (Table 8). An interesting
aspect of this study was the lack of response to K even on a soil
testing very low in K. Even at these extractable-K levels, there
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was adequate K in the soil for excellent tomato production.

Palm Beach, Winter 1988-1989. Nitrogen rates had no effect on yield
or on fruit size of tomatoes (Table 4). Yields ranged from 1922
ctn/A with 160 1b N/A to 1670 ctn/A with 280 1b N/A

(1 ctn=25 1b). These yields were statistically the same as those
received by the grower using 336 1lb N/A.

This soil tested extremely low forr K (Table 1) and tomato
yields responded positively to added K (Table 5). From the three K
rates selected in the factorial treatment arrangement, response
‘above 240 1b K,0/A is suggested. However, the treatment of 160 1b
N and 240 1b K,0/A yielded the same as the grower treatment with
672 1b K,0/A. Additional treatments were included in this study to
test the K0 aspect further. These treatments of 440 and 672 1b
K,0/A did not yield better than 240 1b K,0/A.

Leaf-tissue analyses confirmed the yield results. Leaf-K
concentration increased as K,0 rate increased. Leaf-K fell from
about 2.2 % early in the season to less than 1.0 ¥ for the low-K
treatment. Plants receiving 240 1b K;0/A had leaf-K concentrations
of 2.5 % early in the season and about 2.0 % late in the season.
Plants with higher K concentrations from higher fertilizer rates did
not yield better than those receiving 240 1b K,0/A.

Leaf-N was 4.0 % for all treatments early in the season and
above 3.5 % for all treatments later in the season. Plants
receiving more than 280 1b N/A had N concentrations of 4.0 % late
in the season, but did not produce more fruit than plants receiving
160 to 220 1b N/A and having leaf-N levels of 3.8 %.

The results from Palm Beach indicate that rates of X,0 higher
than 240 1b/A probably will not result in higher yields. The crop-
nutrient requirement for K appears to be about 240 1b K,0/A,
slightly higher than the current IFAS value of 160 1lb/A. This
result is different from those from Manatee, Fall 1988, discussed
above because the Manatee crop did not respond to K,0 rates, even on
a soil testing very low in K.

As with the Manatee results above, the Palm Beach data
indicate that tomatoes respond to rates of N and K,0, not to ratios
of N and K;0. As long as about 240 1b K;0/A were supplied, the rate
of N did not matter and higher rates of K,0 did not result in better
yields.

Manatee, Spring 1989. Like the Fall, 1988 crop, tomatoes in the
Spring did not respond to N or K,0 rates (Tables 6 and 7). Yields
are expressed on the basis of 3300 linear bed feet of crop in 43560
sq. feet. The yields of about 1300 ctn per 3300 linear bed feet
would be roughly equivalent to 950 ctns per roll of plastic (2400
feet), an excellent yield. Furthermore, these yields were achieved
in only two harvests.

Rates of N of 180 1b/A and rates of K,0 of 120 1b/A resulted
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in the same yields and fruit size as N and K,0 rates of 300 and 280
1b/A, respectively. Leaf-N concentrations remained at about 3.75
% for most of the season, falling to only 3.5 %Z late in the season.
Leaf-K concentration stayed above 2.5 X.

The Manatee, Spring 1989 data show that .reductions in
fertilizer are possible for this grower, especially for K,0. This
soil tested somewhat higher in K than the other two sites in these
studies., 7Yield data and leaf tissue data show that the tomato could
obtain all of its K requirement from the soil at this location.
This was different from the result at Palm Beach where the so0il-K
was extremely low.

The Manatee data also refute the N/K ratio concept since the
180 N/120 K,0 treatments (1.5:1) yielded as well as the 180 N/280
K,0 (1:1.6) treatment. In addition, the lower fertilizer treatment
produced the same yield as that of the grower (Table 8). A further
interesting aspect from this study concerned a treatment of 240 1b
N and 80 1b K,0/A. This treatment yielded 1300 ctn/A compared to
1333 ctn/A for the 180 N/200 K,0 and 400 N/624 K,0 treatments.
Again, this shows that the tomato plants could obtain a large amount
of K from the unfertilized soil. It also implies that one should
question the validity of the N/K fertilizer ratio concept.

SUMMARY

" The results of the above studies indicate several important
possibilities for tomato growers in Florida. They provide data that
should assist commercial growers and IFAS to devise efficient
fertilizer programs. Results can be summarized as follows:

1. Commercial growers can reduce rates of N without sacrificing
vields or quality. Data presented in Table 8 show that rates
of N in the range of 160 to 200 1lb/A gave results equal to
those with over 300 1b N/A. These results agree with those
found for pepper (8,9).

2. Applications of K can be predicted upon soil testing (Mehlich-
I extractant). Tomatoes in these studies responded to added
K;0 only when the soil tested extremely low in K,0 (M-I K<20
ppm) and even then not always.

3. Fertilizer N and K applications should be based on crop
nutrient requirement and soil testing concepts rather than on
ratio concepts. Our data show that supplying K in amounts
predicted by soil testing results in more efficient K
fertilization without reductions in yield or quality.
Depending on the soil test, K,0 rates may range from near 240
1b/A down to zero. Preliminary results from laboratory fruit-
quality measurements show that reducing the K rate does not
reduce fruit quality nor increase ripening disorders.
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One recommendation would be for growers to try reducing N and
K;0 rates in relatively small steps e.g. 20 to 25%. Try these
reduced levels for one or two seasons, then try another
reduction. Lowering fertilizer rates could improve
profitability and also could reduce the soluble salt problem
many growers are facing on their farms.
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Table 1. Pre-fertilization Mehlich-I soil-test indices for tomato
nitrogen-potassium studies in southern Florida, winter-spring,
1988-89.

Index (Mehlich-I)

Seil pH P K . Ca Mg Zn GCu Mn
Location Season (1:2 S:W) =vwvememccn-n. PPR -<--~-~--------na-
Manatee Fall 1988 7.6 150 VH* 14 VL 1382 220 17 14 14
Palm Beach
Winter 1988-89 7.7 300 VH 16 VL 1242 74 12 14 15
Manatee Spring 1989 7.1 62 VH 26 L. 1044 140 9 5 5

Mehlich-I interpretations are very low (VL), low (L), and véry high
(VH), respectively.
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Table 2. Effects of nitrogen on yields of tomatoces, Manatee
County, Fall, 1988,

Early vield (first harvest)

N rate Fruit grade
1b/aY 5x6 6x6 6x7 7x7 __Cull Tot. Mkt.

-------------- 25-1b c}n/A R LR

160 55 23 7 1 9 85
220 44 24 6 1 8 74
280 48 24 7 1 8 79
Significance (P=,05) NS* NS _ NS NS NS NS

Total yield

N rate Fruit grade

1b/AY Sx6  6x6 6x7 7x7 Cull Tot. Mkt.
R 25-1b ctn/A ------- ----

160 ' 137 266 349 38 102 752

220 117 259 322 40 90 698

280 \ 111 281 374 39 947 766

Significance (P=.05) NS NS NS NS NS NS

YRates of N calculated on basis of 7260 linear bed feet of crop per
43560 sq. feet. VYields expressed on a basis of 3300 linear bed feet
of crop per 43560 sq. feet. .

“Effects of N rate are non significant (NS).
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Table 3. Effects of potassium on early and total yields of
tomatoes, Manatee County, Fall, 1988.

Ear Yield (lst harvest

K,0 rate Fruit grade
1b/aY 5x6 6x6 6x7 7x7 _ Cull Tot. Mkt.
-------------- 25-kb ctn/A -----m-------
80 45 24 7 1 8 77
160 51 % 6 1 10 82
240 50 23 6 1 7 80
Significance (P=.05) NS? NS NS NS NS NS

Total yield

R;o rate Fruit grade

1b/aY 5x%6 6x6  6x7 7x7 Cull Tot. Mkt.
-------------- 25-1b Ctn/A --c--ccaacnmn-

80 120 270 346 41 92 736

160 125 279 344 41 99 748

240 120 256 354 35 95 730

Significance (P=~ 05) NS? NS NS NS NS NS

YRates of K;0 calculated based on 7260 linear bed feet of crop per
43560 sq. feet. Yields expressed on basis of 3300 linear bed feet
per of crop 43560 sq. feet.

*Effects of K,0 are nonsignificant (NS).
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Table 4.
Palm Beach County, Winter 1988-89.

Effects of nitrogen rates on yield of tomatoes,

Early Yield

N rate Fruit grade
1b/AY 5xé 6x6 6x7 Cull Tot. Mkt.
------------- 25-1b ctn/A ----onse-
160‘ 211 436 40 36 687
220 182 404 38 33 624
280 196 .- 406 38 36 640
Significance (P=.05) NS* NS NS NS NS
‘ Total vield
N rate Fruit grade
1b/AY S5x6 6x6 6x7 Cull Tot. Mkt.
------------- 25-1b ctn/A ------------
160 385 1252 285 167 1922
220 354 1128 248 181 1730
280 376 1113 178 175 1668
Significance (P=.05) NS* NS NS NS NS

YRates of N calculated on a basis of 7260 linear bed feet of

crop per 43560 sg. feet. Yields expressed on a
linear bed feet of crop per 43560 sq. feet.

“Effects of N rate are nonsignificant (NS).

basis of 8000
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Table 5. Effects of potassium rates on yield of tomatoes,

Palm Beach County, Winter 1988-89.

Early Yield

K,0 rate Fruit grade
1b/AY 5x6 6x6  6x7 Cull Tot. Mkt.
R 25-1b etn/4 ------------
80 200 404 42 37 646
160 _ 190 425 31 35 646
240 s 199 418 43 33 660
Significance (P=.05) NS§* NS NS‘ NS NS

Total Yield

K,0 rate Fruit grade
1b/AY 5x6 6x6  6x7 Cull Tot. Mkt.
----------- 25-1b ctn/A ------------
80 313 909 190 170 1412
160 362 1177 209 l64 . 1748
240 440 1406 313 190 2160
Significance (P=.05) 1° L L NS L

YRates of Ky0 calculated on a basis of 7260 linear bed feet of
crop per 43560 sq. feet. Yields expressed on a basis of 8000
linear bed feet of crop per 43560 sq. feet.

'Effects of K,0 rates are linear (L) or nonsignificant (NS).
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Table 6. Effects of nitrogen rates on yield of tomatoes,
Manatee County, Spring, 1989.

Early yield
N rate Fruit grade
1b/aY 5x6 6x6 6x7 7x7___Cull Tot. Mkt.
-------------- 25-1b etn/A ---eccae--o-
180 442 258 107 17 49 807
240 459 275 103 17 50 837
300 : 457 274 113 22 53 843
Significance (P=.05) NS* NS NS NS NS NS

Total Yield

N rate Fruit prade

1b/AY 5x6 6x6 6x7  7x7 _Cull Tot. Mkt.
-------------- 25-1b Ctn/A -----cnmn--

180 795 378 135 21 74 1308

240 : 824 367 133 21 72 1325

300 771 373 138 27 76 1282

Significance (P=.05) NS* NS NS NS NS NS

YRates of N calculated on a basis of 7260 linear bed feet of
crop per 43560 sq. feet. Yields expressed on a basis a of 3300
linear bed feet of crop per 43560 sq. feet.

*Effects of N rates are nonsignificant (NS).
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Table 7. Effects of potassium rates on yield of tomatoes,
Manatee County, Spring, 1989,

Earl ield
Fruit pgrade

K,0 rate .

1b/AY Sx6 6x6 6x7 7x7  Cull Tot. Mkt.
-------------- 25-1b ctn/A -------e--oaa-

120 471 261 108 20 57 841

200 441 279 114 19 48 833

280 446 266 102 17 47 814

Significance (P=.05) NS’ NS NS NS NS NS

' Total Yield

Ky,0 rate Fruit grade

1b/a¥ 5x6 6x6 6x7 7x7  Cull Tot. Mkt.
------------- 25-1b ctn/A ------caaanaonan

120 784 358 134 23 82 1276

200 803 382 140 24 70 1326

280 804 378 132 22 70 1315

Significance_ (P=.05) NS? NS NS NS NS NS

YRates of K,0 calculated on a basis of 7260 linear bed feet of crop
per 43560 sq. feet. Yields expressed on a basis of 3300 bed feet of
crop in 43560 sq. feet.

*Effects of K,0 rates are nonsignificant (NS).
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Effect of Pruning Methods on Yields, Fruit Weight
and Percent Marketable Fruit of
*sunny' and ‘'Solar Set!'

S. M. Olson

Tomatoes rank as the number one vegetable crop in
Florida with farm value in 1987-88 season in excess of
$535 million on 56,800 acres. Production costs run about
$3000-4000/A depending upon the production area (3).
The cost of pruning an acre ranges from about $16-64 an
acre depending upon how many times the crew goes through
the field. This operation pruning comprises a very small
part of production costs but can have a great effect on
yields of the crop. Very little information is available
on how to prune determinate type tomatoes or if deter-
minate cultivars react differently to pruning methods
(1,2). This study was undertaken with 'Sunny' the most
widely used cultivar in Florida and 'Solar Set', '‘a new
cultivar for Florida production. The cultivars differ
in the extent of vine production with 'Solar Set!
producing less than 'Sunny'. ‘'Solar Set' would compare
to 'Duke' in foliage production.

Materials and Methods

Pruning trials were conducted at the North Florida

Research and Education Center. Planting dates were
3/23/83, 3/26/84, 3/21/88, and 3/21/89. Cultivars used
were 'Sunny' and 'Solar Set!'. 'Solar Set' is a new

release from the University of Florida breeding program
with very little cultural information available. 'Solar
Set' was planted only in 1988 and 1989. 'Sunny' was not
harvested in 1989 due to very poor plant stands.

Soil type was an Orangeburg loamy fine sand.
Production was on full bed black plastic mulch with drip
irrigation in 1988 and 1989 and overhead irrigation in
1983 and 1984. Total fertilizer applied in 1983 and 1984
was 216=-120-295 1b/A of N-P,0,-K;0. In 1988 and 1989 180-
148-211 1bs/A of N-P,0,-K,0 were applied. Beds were
fumigated with methyl-bromide before covering. Plants
were staked and tied 4 times. Between-row spacing was
6 feet (7,260 linear feet/A). In-row spacing was 24
inches in 1983 and 1984 and 20 inches in 1988 and 1989.
A randomized complete block design with 4 replications
was used in all years except 1983 when 3 replications
were used. Plot size was 20 feet.

Pruning treatments consisted of none, light (50% of’
‘the suckers removed from ground to first fork which is
suckers below first bloom cluster) and heavy (all suckers
removed from ground to first fork). Suckers were removed
while small to prevent damage to plants.
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Plants were harvested 4 times each year except 1989
where 3 harvests were made. Data collected included
total yields, average fruit weight and percent marketable
fruit.

Results

With 'Sunny' heavy pruning reduced yields over none
or light pruning. (Table 1). Highest yield in all three
years occurred with light pruning but was not signifi-
cantly greater than no pruning. Pruning methods had no
effect on fruit weight in 1984 but in 1983 and 1988 fruit
size increased as degree of pruning decreased. (Table
2). Pruning methods did not significantly affect percent
marketable fruit, but the highest percent marketable
fruit occurred with light pruning. (Table 3).

Total yields of 'Solar Set' were reduced by heavy
pruning over light or none. In both years highest yield
was with no pruning but only in 1988 was it significantly
higher than no pruning. (Table 4). Largest fruit size
occurred with heavy pruning in both years and fruit size
decreased as amount of pruning decreased. No pruning
produced smallest fruit but was only significantly
smaller than those produced by heavy pruning. Percent
marketable fruit was lowest with heavy pruning in both
years. No pruning produced significantly higher percent
marketable fruit than heéavy pruning.in both years. 1In
1989 1light pruning produced a significantly higher
percent marketable fruit than heavy pruning but not in
1988.

Conclusion

) ‘Sunny' produced highest total yields and percent
marketable fruit with light pruning but never signifi-
cantly greater than no pruning. Fruit size was smallest
with no pruning and in 2 out of 3 years greatest with
heavy pruning. Many growers prune 'Sunny' to first fork
and may be reducing their total yields to increase fruit
size. Even with heavy pruning there was adequate foliage
to cover fruit and prevent sunburning.

With 'Solar Set' yields were highest with no pruning
in both years but not significantly greater than light
pruning in 1989. Heavy pruning resulted in largest fruit
size but in lowest percent marketable fruit. With heavy
pruning there was not enough foliage to protect fruit and
many fruit were sunburned and unmarketable. At present
additional trials are planned with 'Solar Set' to look
at effect of removing only the ground suckers. With no
pruning both cultivars present problems with excessive
foliage at bottom of plant that are not caught in first
or second strings.
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New cultivars should be trialed on a limited basis
to see how they react to pruning. Pruning a new cultivar
heavy without - knowing its "vine characteristic could
result in reduced yvields and quality.
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Table 1. Effect of Pruning Methods on Total Yields of
'Sunny! Tomatoes, Quincy.

Total Yield

Pruning ' (boxes/A)

Method 1983 1984 1988 Avg.
None 2137 a* 1831 a 2370 a 2113
Light 2459 a 1915 a 2634 a 2336

Heavy 1737 b 1348 b 1816 b 1634

Mean separation by Duncan's multiple range test, 5%
level.

Table 2. Effect of Pruning Methods on Fruit Weight of
'Sunny' Tomatoes, Quincy.

Fruit Weight

Pruning (oz)

Method 1983 1984 1988 Avg.
None 6.95 c* 7.01 a 6.78 c 6.91
Light 7.63 b 7.37 a 7.17 b 7.39

Heavy 8.49 a 7.21 a 8.39 a 8.03

Mean separation by Duncan's multiple range test, 5%
level,
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Table 3. Effect of Pruning Methods on Percent Marketable
Fruit of 'Sunny' Tomatoes, Quincy.

Percent Marketable Fruit

Pruning (%) .
Method 1983 1984 1988 Avg.
None 56.1 a® 64.4 a 71.5 a 64.0
Light 62.1 a 67.5 a 80.9 a 70.2
Heavy 57.9 a 64.8 a 77.9 a 66.9

IMean separation by Duncan's multiple range test, 5%
level. ‘

Table 4. Effect of Pruning Methods on Total Yield, Fruit
Weight and Percent Marketable Fruit of 'Solar
Set' Tomatoes, Quincy.

Total Fruit Percent
Pruning yield weight marketable fruit
Method {boxes/A) (o02z) (%)
‘ 1988 1989 1988 1989 1988 1989

None 2685 a® 2065 a 7.06 b 7.41 b 77.6 a 62.6 a
Light 2243 b 1850 a 7.69 ab 8.16 ab 73.0 ab 61.8 a
Heavy 1482 ¢ 1379 b 8.32 a 8.70 a 64.6 b 51.1 b

’Mean separation by Duncan's multiple range test, 5%
level.
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TREATMENT OF TOMATO WASTES USING ANAEROBIC DIGESTION

by
Dr. Douglas W. Williams, Professor, Agricultural Engineering
Dr. Joseph Montecalvo, Head, Food Science and Nutrition
California Polytechnic State University
San Luis Obispo, California 93407 -

The disposal of tomato culls is becoming an increasingly more
expensive cost item to the packers of fresh market tomatoes. The
volumes are large, 30 percent of the incoming tomatoes, amounting
to 150,000 tons annually for California. At present it is necessary to
haul the culls away to pastures where cattle will eat them. The hauling
costs are increasing such that it cost more to haul than the nutritional
benefit to the cattleman. The net cost to the tomato packer is now $1.35
per ton to dispose of the cull tomatoes. In addition, there was a concern
for possible pesticide residues on these tomatoes, which may be
magnified if the tomatoes are eaten by cattle thus concentrating the
residues in the flesh of the cattle. For these reasons, the Califormia
Fresh Market Tomato Advisory Board has supported a research project
at Cal Poly to investigate an altemative disposal method for these cull
tomatoes, namely anaerobic digestion.

This report describes the results of the second year of this project, the
design, construction and testing of a pilot scale anaerobic digester for
these culled tomatoes (Babcock, et al, 1989). . A 700 gallon up-flow
plastic media-filled digester along with piping pumps and the
necessary controls was constructed at the Cal Poly Agricultural
Engineering Department during the Spring, 1988.

Digester Operation

The digester underwent preliminary testing at Meyer Tomatoes, King
City, during July, 1988 and was then returned to Cal Poly for
modifications to the pumping and piping systems. The digester was
then tested at Cal Poly over a 10 week period at two different organic
loading rates. Cull tomatoes from Meyer Tomatoes were used as
influent for the digester. Each batch of influent slurnry was prepared by
grinding the whole tomatoes and then using a finisher to separate the
skins and seeds from the pulp. This pulp, which constituted about 85
percent by weight of the whole tomatoes, was then diluted with water,
and its pH adjusted from 45 to 8 using sodium hydroxide. The
resulting slurry, which contained about 1.6 to 2.1 percent total solids,
was pumped slowly into the digester tank using a metering pump.
Although the digestion system had heating provisions, difficulties
with the heat exchange mechanism prevented the maintenance of an
optimum temperature. Hot water was used for dilution, and this
resulted in an average digestion temperature of about 70-75°F. As the

slurry was metered into the system, an equal amount of effluent was
expelled from th(_a overflow line. This effluent was disposed of after
sampling and testing.
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The slurry recirculation system was run continuously during the test
period. This was done to simulate a completely-mixed state and to
partialy offset the lack of heating. The quantity of generated biogas was
measured with the gas meter and and then piped into the flexible
storage bag. From here the gas was tested for mpethane percentage using
a Fyrite meter, and was occasionally used in a modified natural gas hot
water heater.

The digester was operated continuously for a period of 13 weeks. The
first three weeks were an acclimation period during which time
effluent from the San Luis Obispo sewage treatment plant anaerobic
_ digester was added to the Cal Poly digester to initiate start-up. This was
followed by two five-week testing periods (Phase [ and Phase I1) during
which time the hydraulic loading rate remained essentially constant at
30 gallons per day (23 day hydraulic retention time) while two different
organic loading rates were utilized. During Phase [ the slurry consisted
of tomato pulp diluted with water for a 1.6 percent total solids content
of which 91 percent were volatile solids; the organic loading rate was
then 0.04 pounds of volatile solids per cubic foot of digester per day. In
Phase II the dilution water was reduced such that the influent slurry
total solids content was 2.1 percent, and the organic loading rate was
0.05 pounds of volatile solids per cubic foot per day.

Results

The anaerobic digester performed well during the test period,
producing quantities of biogas while reducing the total solids, volatile
solids and COD of the treated slurry. During Phase |, the average
digester temperature was 77° F and the pH of the effluent was 6.9.
Average biogas production was 30 cubic feet per day from the digester
which had a volume of 93 cubic feet, resulting in a specific biogas rate
of 0.32 cubic feet per cubic feet of digester per day. Based upon the
organic loading rate of 0.04 pound of volatile solids per cubic foot per
day, the biogas production rate for the Phase I period was 8.0 cubic feet
per pound of volatile solids added per day. The total solids reduction
was 78 percent as a result of anaerobic digestion.

The average temperature of the digester dropped during Phase Il to
73°F, and the average pH was 7.0 indicating a stable digestion process.
The biogas production did increase to an average of 43 cubic feet per
day, or a specific biogas rate of 0.47 cubic feet per cubic foot of digester
per day. At the higher loading rate of 0.05 pound of volatile solids per
cubic foot per day, the biogas production rate increased to 94 cubic feet
per pound of volatile solids added per day. The methane content of the
gas during Phase Il averaged 624 percent. The total solids reduction
was measured to be 70 percent, or slightly less than during Phase I1.
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Results (cont)

However, the COD testing of the influent (20,000 parts per million) and
of the effluent (145 parts per million) showed a reduction in COD of
over 99 percent. This was a very impressive result, considering the
digestion was carried out at less than optimum temperatures (95°F) for
mesophilic anaerobic digestion. d

Discussion

The operational parameters observed during the anaerobic digestion of
tomato wastes included temperature, pH, total solids and COD
reduction, hydraulic retention time, organic loading rate, and biogas

duction. The fact that rather complete anaerobic treatment of the
tomato slurry (99 percent reduction in COD) occurred even though the
temperature was somewhat low (73°F) can be attributed to the use of
the plastic media which entrapped the bacteria for more efficient
digestion, and the rather long hydraulic retention time, 23 days. Since
the tomatoes were rather acidic (pH 4.0-4.2), addition of sodium
hydroxide was necessary to neutralize the influent and maintain the
digester pH at 7.0. The total solids reduction was found to be between 70
to 78 percent while the COD reduction was very high at 99 percent.
This was due to inorganic material in the effluent, and the fact that the
organic material in the tomato wastes was highly digestible. The high .
treatment efficency was also due to organic loading rates that were
fairty low, .04-.05 pounds of volatile solids per cubic foot of digester per
day, and a fairly long hydraulic retention time, 23 days. Based upon
previous work summarized by Babcock, et al (1989), upflow anaerobic
filters can be operated at organic loading rates of 0.5 to 1.0 pounds of
volatile solids per cubic foot per day, and retention times of only 2 to 3
days. The biogas production rate of 9.4 cubic feet per pound of volatile
solids added per day would result in the following energy production if
applied to a full scale tomato packer: Assuming 100 tons of culled
tomatoes per day, a total of 64,000 cubic feet of biogas with an energy
value of 40 million Btu would be produced daily. This gas could fuel
an engine generator producing 110 kW continuously for 24 hours per
day. This electricity could be used to offset that bought from the utility
company at the rate of $0.10 per kilowatt-hour; over the six month
operating season a total savings of approximately 340,000 would resuit.
Furthermore, the waste heat of the engine-generator would substitute
for the natural gas used for heating the washwater in the packing shed,
resulting in about $6,000 savings. Added to this would be the savings in
hauling costs of the cull tomatoes, amounting to $1.35 per ton, or over
$20,000 per year. Thus, an annual total of $66,000 in benefits from
energy and disposal savings could result from a full-scale digester at a
typical fresh market tomato packing operation.

1.Babcock.R.D. W. Willilams.P.Stepanek. J. Montecalvo.1989."Pllot-Scale
Methane Production from Culled Tomatoes". ASAE Paper No. 89-6085,

St. Joseph, Michigan.
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ESTIMATING MECHANICAL INJURY DURING TOMATO HANDLING
USING THE INSTRUMENTED SPHERE

Steven A. Sargent, Jeffrey K. Brecht, and Judith J. Zoellner
Vegetable Crops Department
Institute of Food and Agricultural Sciences
University of Florida
Gainesville FL 32611

INTRODUCTION

Minimizing mechanical injury during handling is one of the
primary goals of Florida tomato packer/shippers. =~ Tomatoes
experience a number of transfers during typical harvest, handling
and packing operations, and each of these transfer points has
potential to reduce quality by inflicting bruises, cuts, punctures
and abrasions.

Many studies have documented the extent of external and
internal mechanical injury incurred during tomato handling (Halsey,
1955; Hatton and Reeder, 1963; MacLeod et al., 1976). Recently a
prototype instrument became available which is capable of measuring
impact accelerations experienced during handling operations (Zapp,
et al, 1989). This Instrumented Sphere (IS) is a battery operated
data logger which is 3.5 inches in diameter and has a density
similar to that of a tomato. It can be placed on a packing line in
order to record impact times and intensities at each of the transfer
points. The IS was originally developed for analyzing apple handling
systems at the USDA/ARS laboratory at Michigan State University in
East Lansing, Michigan. We purchased an IS to develop a database
for vegetable handling systems as part of a cooperative research
project involving several research institutions and a variety of
horticultural crops.

As part of a continuing effort to optimize the handling of
Florida tomatoes, we began a program this past spring season: 1) to
develop a database of impacts at transfer points during tomato
handling using the IS; 2) to document actual mechanical injury for
a range of tomato handling and packing situations in Florida; and
3) to correlate IS data with actual injury data in order to allow
prediction of potential injury for packing line transfer points
using impact values measured by the IS. This report will describe
results regarding Objectives 1 and 2.

PROCEDURES

Instrumented Sphere Tests

The IS was run over three tomato packing lines during the
spring of 1989. The following procedure was employed during the
tests. While the line was running at typical capacity, the IS was
activited and placed in the line, beginning in the bulk bin prior
to dumping into the float tank. It was allowed to flow over several
transfer points while the elapsed time was recorded at each point.
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The IS was then removed and the data was transferred to a portable
computer. This procedure was repeated ten times for each segment
of the packing line until the entire line was documented. Averages
were later taken for the ten runs at each transfer point.

Tomato Samples

In May and June, 1989, samples wefe taken from two of the
packinghouses at four points during handling: in the bulk bin at
filling -in the field; in the float tank after dumping; after final
grading (but prior to sizing); and after the carton was stacked on
.the pallet. ‘Sunny’ was the cultivar sampled for these two
packinghouses., At each sample point 80 tomatoes of 6x6 size and at
two ripemness stages (mature green and breaker) were randomly
selected. These were placed in polystyrene cell pack trays to avoid
further damage.

The samples were transported the same day to the laboratory
in Gainesville and were held at about 70°F (21°C). Mature green
tomatoes were treated with 100 ppm ethylene to initiate ripening.
When the samples reached firm, red ripe stage (7 to 14 days
postharvest) they were evaluated for external damage (bruises,
cuts/punctures, abrasions, decay) based on federal grade standards
(USDA, 1976). Damage which was obviously attributable to preharvest
factors was not scored. The tomatoes were also sliced through the
equator and rated for incidence of internal bruising, and the number

_of locules was recorded. Internal bruising is described as a
failure of the locular gel to ripen after the tomato receives an
impact above a certain threshold level. The shock is transmitted
through the locular wall to the underlying gel, causing a disruption
of the ripening process in the gel. As a result the gel appears
yellowish, shrunken and stringy after the fruit has reached the red
ripe stage.

RESULTS AND DISCUSSION

Packing line transfer points

Every point at which a fruit or vegetable is transferred from
one type of equipment to another is a potential site for increased
mechanical injury. Therefore the packing lines which cause the
least injury are straight, with no major turns during handling, and
level, with minimal drops at transfer points. Transfer points
should also be clean, smooth and padded at surface protrusions.
Brush rolls should be set at sufficient speed so as to provide
adequate washing without causing excessive fruit movement and
increased fruit to fruit contact.

The impact averages as measured by the IS showed that the
highest impacts generally occurred where there was a roll or drop
onto a metal plate at the transfer point or a roll down a steep
incline onto a roller conveyor (Table 1). Other transfers were
usually lower than 60 g's, which probably caused minimal mechanical
injury. The drop to the wash brushes for the lines at Packinghouses
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1 and 3 (PH-1, PH-3) was quite severe. At this point tomatoes omn
these two lines dropped onto metal prior to bouncing to the brushes,
resulting in average impacts of 110 and 147 g’s, respectively.
This same transfer point at Packinghouse 2 (PH-2) caused an average
impact of 68 g's due to a lower drop height.

The maximum g's measured at the drop to the washer ranged from
149 to 207 g's for the three houses, illustrating the extent of
severe shocks which can be experienced by tomatoes during typical
handling. The variability in shocks measured for several runs over
a particular point is due to the volume of tomatoes being run across
the line at a certain moment; the lower the volume, the less fruit
to fruit contact which allows the IS to directly strike plates and
rollers.

The average impact measured on the Green Lines for the three
packing lines was 67.4 g's, while the average impact measured on the
Pink Lines was 82.2 g's. Tomatoes showing color are less firm than
those which are at the mature green stage and therefore are more
sensitive to impacts. Packing lines should be designed and managed
to handle the most injury sensitive crop, in this case, tomatoes
which are showing color. For existing lines drop heights and
transfer plate angles at transfer points can be lowered. Curtains
or power brushes can also facilitate transfer while reducing
mechanical injury.

Mechanical Injury

Scores for external injuries at firm, red ripe stage confirmed
that MG tomatoes were less susceptible to injury than BR tomatoes
(Tables 2, 3). The only exception was PH-2, which had significantly
more abrasions on MG than BR. Analysis by sample location showed
that the amount of damage-free tomatoes decreased to 72:5% and 73.1%
during harvest and transfer to the bulk bin for PH-2 and PH-3,
respectively. Bruises, cuts/punctures and abrasions increased
substantially during harvest.

After transport to the packinghouses and dumping into the
float tanks the amount of damage-free tomatoes decreased to 48.1%
and 57.5% for PH-2 and PH-3, respectively. Cuts/punctures increased
significantly for both houses, and abrasions increased significantly
for PH-2; bruises did not increase significantly during transport
and dumping.

The grading operation significantly ¥reduced the amount of
damaged tomatoes in both houses, with the averages after grading
similar to those in the bin prior to transport. This reveals the
effective management of the grading operations for these
packinghouses. There was no significant increase in damage during
sizing, carton filling and palletizing operations for either house.
The extent of injury inflicted from the float tank and prior to
grading was not determined, since the sample was taken after
grading. ’
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Internal bruising (IB) was rated as Moderate (very noticeable
discoloration at the locular gel margin) and Severe (desiccation of
the gel in addition to discoloration). Both of these ratings were
deemed to be potentially quite objectionable to the consumer. The
analysis revealed that MG tomatoes were significantly more resistant
to this type of injury than BR tomatoes for both packinghouses
(Tables 2,3). Overall, PH-2 had 79.7% and 60.0%Z IB-free for MG and
BR tomatoes, respectively; PH-3 had 9%.7% and 55.0% for these
ripeness stages. '

Incidence of IB increased significantly with handling.
Samples for PH-3 taken in the field bin, in the float tank and after
final grading had progressively more IB. However, sizing, filling
and palletizing did not cause additional IB in this house. It can
be seen from the interactions that there was virtually no IB in MG
tomatoes during handling, while incidence of IB in BR tomatoes
increased to 63.7% after palletizing. Samples for PH-2 had higher
amounts of IB than PH-3 in both MG and BR tomatoes, though following
the same trend as PH-3. The apparent reduction in IB  for BR
tomatoes sampled in the float tank was related to difficulty in
scoring IB due to a high proportion of severely puffy tomatoes in
that particular lot of tomatoes.

IB is not associated with puffiness; this was confirmed by a
separate laboratory test in which undamaged tomatoes from this same
lot of 'Sunny’ (PH-2) were dropped from several heights onto a hard
surface. In that test, IB only occurred at drop sites on the
tomatoes, regardless of extent of puffiness. In fact, puffy
tomatoes may actually have less incidence of IB by providing an air
barrier between the locular wall and the locular gel during impacts.
An analysis of the extent of external injury and internal bruising
for ‘Sunny’, ‘Solar Set’, and NK-4459 was reported earlier (Sargent,
et al., 1989).

SUMMARY

The instrumented sphere was demonstrated to provide a means
of quantifying impacts which occured during tomato handling on three
packing lines. Tomato samples taken at four points during handling
showed that external mechanical injury and internal bruising
increased with increased handling; however, a significant amount of
externally injured tomatoes were removed during sorting and grading
operations. Further tests in the laboratory and in packinghouses
will attempt to correlate IS impact thresholds measurements with
actual damage incurred during handling.
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Table 1.
Peak accelerations recorded by the Instrumented Sphere for several tomato packing
lines.
PEAK .
ACCELERATION (g's)*
Packinghouse Number

Transfer Point 1 2 3
FLOAT TANK Dump to float tank 35/83 41/70 ek
Drop to prewash brushes *% 60/170 ok
Drop to tank 29/47 47/95 ok
MAIN LINE Drop to wash brushes 110/149 68/160 147 /207
Drop to eliminator belt 30/43 67/88 *%k
Drop to sort table 56/79 109/131 77/88
GREEN LINE Drop to sponge/waxer 35/59 85/131 47/71
#1) Drop to grade table 46/92 63/84 79/93
Drop to sizing belts 48/53 61/80 » 43/60
Sizing belts¥*¥
Drop to takeaway belt 86/139 79/112 69/121
Drop to accumulation table 101/136 *k 102/164
PINK LINE Drop to conveyor 103/170 76/200 97/133
Drop to waxer *% 103/164 *%
Drop to breaker grade table 61/90 *% 107/146
Drop to breaker sizing belts 62/87 78/146 64/71
Sizing belts#®¥¥ ‘ .
Drop to takeaway belt 83/145 52/78 95/142
Drop to pink sizer Fk 104/132 3k
Sizing belts*¥* KX *% *%
Drop to takeaway belt k% 65/93 *k
Drop to filler conveyor 59/79 *k *%
Drop into carton 93/130 82/158 48/67
Stack on pallet 51/55 *% *%k

*Mean and maximum accelerations, respectively (g’s).

**Transfer point location may vary between packing lines. Not all points present
or measured in all lines.

**%*Several drops and impacts over 100 g’s occur during sizing.
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THE 1988-89 TOMATO SEASON
WAYNE HAWKINS
FLORIDA TOMATO COMMITTEE
ORLANDO, FLORIDA

The Organizational Meeting of the Florida Tomato Committee was held on
September 8, 1988, at the Ritz Carlton Hotel, Naples, Florida. Recommendations
were made to the Secretary of Agriculture calling’ for an assessment rate of
2-1/2¢ ($.025) per 25-1b. equivalent which was an increase of lg¢ per package
over the previous season. A budget of $1,537,000 including $115,000 for
research and $1,140,500 for education and promotion was approved and
recommended to the Secretary of Agriculture for his approval. The regulations
recommended were the same as those in effect at the end of the 1987-88 season
which eliminated the shipment of 7x7 tomatoes, eliminated 6x7 No. 3 grade
tomatoes and extended the regulatory period to June 30th. Only 5x6 and larger
tomatoes were allowed to be commingled.

Marketing Agreement No. 125 and Order No. 966 for Fresh Florida Tomatoes
were amended in 1986 to provide for paid advertising and promotion and produc-
tion research projects. The production research projects and the education and
promotion programs recommended to the Secretary of Agriculture by the Florida
Tomato Committee were approved as presented. Both projects were amended later
in the season providing more funds for both.

The Committee met again on December 14, 1988, at LaBelle, Florida, with
the primary reason being to discuss discharging tomato packinghouse dump tank
waste water with representatives of the Florida Department of Environmental
Regulations. A law on the books since 1983 requires permitting of this
discharge and it appears that DER is going to start enforcing the law. Beth
Mahaffey, the new Director of Education and Promotion, was introduced and she
gave an update on the promotion activities.

The Committee met again on February 2, 1989, in Homestead, Florida. The
packinghouse dump tank waste water research project was discussed and it was
reported that samples will finally be taken in March or April. The Director
of Education and Promotion reported that she had met with the Education and
Promotion Subcommittee in January and presented plans for the balance of the
season. The subcommittee recommended that these plans be presented to the full
Committee for their consideration. The Committee unanimously recommended that
the Secretary of Agriculture approve the expenditure of an additional $309,675
for promotion and education activities for the balance of the season. The
Committee also instructed management to conduct an agency review this spring.
The Committee also approved an additional $10,000 for research to cover the
costs of a study to determine the effect of eliminating all No. 3 grade
tomatoes and the feasibjility of defining and packing a 5x5-'and larger tomato.

Nomination meetings were held in each of the four districts during
April to select members and alternates to serve on the Florida Tomato Committee
during the 1989-90 season. A list of nominees was forwarded to the Secretary



-80-

of Agriculture for his consideration in appointing the new Committee. Current
issues and problems were also discussed at these meetings with management fol-
lowing through on recommended solutions.

The Committee met again on June 23, 1989, in Orlando, Florida. The
main purpose -"of this meeting was to hear presentations from seven
advertising organizations wanting to represent the Florida Tomato
Committee for the 1989-90 season. After nearly six hours of presentations, the
Committee voted unanimously to retain Lewis/Neale of New York City and
Anson-Stoner of Winter Park, Florida, to represent them during the 1989-90
season. It was also reported that ripening problems associated with the sweet
potato whitefly are the greatest problem facing the Industry today. An all-out
effort is still underway to get $500,000 for the U.S.D.A. lab in Orlando to
hire two full-time scientists to work on this problem.

Total acres planted in Mexico were reportedly up; however, Mexico had very
poor quality during most of their season and crossings reported by the Florida
Department of Agriculture and Consumer Services were down 150 carlots from the
previous year. Prices at Nogales, Arizona, were constantly cheaper than
Florida prices which tended to depress the market, particularly in the west.
In early February, March and part of April, Mexico covered the United States
with cheap tomatoes even offering delivered prices in Florida that were half of
the going F.0.B. market in Florida. The same tactics were employed by the
Mexicans last season, but efforts to get any relief from Washington failed.

Total harvested acres in Florida were 57,663, compared to 53,939 the
previous season and 50,908 in the 1986-87 season. Districts 2, 3 and 4 had
increases of 47, 1,709 and 3,088 acres, respectively. District 1 was down
1,120 acres, giving a net increase of 3,724 acres. Only 45,530 acres were
harvested in 1985-86; therefore, Florida has had an increase of 12,122 acres
harvested in only three years. This is nearly a 27 percent increase. There
were less than 1,000 acres of ground tomatoes planted this season representing
only about one and one-half percent. The major contributing factor was that
practically all Dade County acreage was grown on metal stakes this season.
Total shipments were 64,868,916 25-1b. equivalents compared to 64,746,068 the
previous year. )

Total shipments were wup 122,848 25-1b. equivalents from the previous
season. Weather conditions that prevailed throughout most of the winter season
and three days of below freezing temperatures along with irregular ripening
problems in the spring prevented the shipments from being much higher. Poor
crops were produced in the fall due to excessive rain fall and the winter
season was plagued with cold, windy weather causing bloom drop, scarring and a
lot of misshapen fruit. Cold, wet conditions enhanced disease problems, making
it nearly uncontrollable in some fields. A freeze in late February and
irregular ripening problems caused very unusual circumstances throughout the
spring months.
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Harvesting of the fall crop began in District 4 in mid-October with all
districts shipping two weeks later. It is becoming increasingly more difficult
to separate production areas and shipping areas since more and more crops are
transported to other districts to be packed. Total shipments <from all
districts exceeded one million packages by the week ending November 12 and
- remained above one million per week until June 6th. There were 17 weeks with
shipments exceeding two million 25-1b. equivalents and four with over three
million.

District 2 started harvesting the last week of October and continued
shipping good volume through the first week of May with lighter shipments into
early June. Acreage planted for harvest was up by only 47 acres over the
previous season but total shipments were up about 3.9 percent. Weekly
shipments from this district exceeded 200,000 25-1b. equivalents for 20 weeks
during the season with 15 of these weeks exceeding 300,000 25-1b. equivalents
and four exceeding 400,000.

District 1 started shipping the 1last week of October, but most of the
early tomatoes were trucked in from District 3. Weekly volume increased
steadily to mid-February and then remained constant through mid-Aptil, and for
all practical purposes, ended the second week of May. Total acres planted for
harvest was down approximately 12 percent but shipments were almost identical
to last season with an increase of 39,810 25-1b. equivalents over the previous
season. The contributing factor to this increase was almost the entire crop
being planted on stakes this season, much better size than normal, and the
amount of tomatoes grown in District 3 but packed in District l.

District 3 started shipping the last of October and by November 12 weekly
shipments totalled more than 500,000 packages per week. The volume increased
rapidly, and remained well above one-half million packages per week for 23 of
the remaining 30 weeks. Cold, windy, rainy weather caused grade outs to be
high and reduced average yields on most farms, but the major problem was
irregular ripening, particularly in later plantings. Total shipments were up
about 4.8 percent over the previous season, and acreage harvested was up about
nine percent. Some of the shipments reported for District 3 were. actually
grown in District 4 and vice versa. The completion of Interstate 75 makes it
easy to haul tomatoes from the field in one district to the packinghouse in
another district.

District 4 .started harvesting in mid-October and reached shipments
totalling more than 500,000 25-1b. equivalents by the fifth week. Fall acreage
was up about 14 percent but shipments were down by 13.5 percent. About 5.9
million 25-1b. equivalents were shipped from District 4 during the fall season
compared to 6.9 million the previous season. This points out the extremely wet
conditions that produced 12 to 20 inches of rain in District 4 during the first
week of September and Tropical Storm Keith in November that dumped another four
to six inches accompanied by heavy winds.

Harvest of the spring crop in District 4 started in mid-April on crops
that survived the late February freeze. Nearly 6,000 acres were replanted in
late February and early March making the crop a little later than normal.
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About 1,950 more acres were harvested this spring, but shipments were down
nearly six percent. During the last 11 weeks of the season, District 4 shipped
more than 13.5 million 25-1b. equivalents, but slightly more than 12.5 million
of these were shipped in a seven-week period. Basic quality and size were good
during most of this period. Problems with irregular ripening plagued the
Industry in April, May and June. Ideal weather conditions allowed picking to
continue well into June when the rains finally started; however, it rapidly
curtailed harvest leaving a lot of tomatoes in the field.

The total 64,868,916 25-1b. equivalents were shipped over a 37-week
period. Thirty-one of these weeks had shipments exceeding one million packages
with 17 weeks showing more than two million and four weeks with more than three
million. The total shipments were up 122,848 25-1b. equivalents from the
previous season. ‘

The total wvalue of the crop was about 602.9 million dollars, compared to
465 million the previous season. The average price was $9.29 per 25-1b.
equivalent for the entire season and $7.28 for 1986-87. Evenly spaced supplies
during the winter season and the lack of overlapping between districts helped
stabilize the season's average price. Tables Two, Three, Four and Five show
the variations in average price between the different districts.

During the 1988-89 season, there were about 21 different commercial
varieties planted, which was six more than last season. Sunny, Duke, F.T.E.
No. 12, BHN 26, and Solar Set accounted for nearly 96 percent of the total
acreage. Some of the other varieties planted were Freedom, Castle 1035,
Floradade, 'Floratom, All Star, 6,000, 8412, Hayslip and Summit. The Florida
Tomato Exchange is continuing research efforts to find a new super variety for.
Florida and several seed companies are working toward the same objective.

The continuing regulations . allowing commingling of only 5x6 and larger
tomatoes, requiring all tomatoes shipped out of state to be in new boxes,
requiring the tomatoes to be run over sizing equipment and be packed at the
registered handler's facility, requiring the name and address of the registered
handler on the carton, coupled with washing and positive lot identification,
went a long way toward solving the problems of theft and the shipment of cull
tomatoes all over the United States. .

The Committee's activities in controlling container weights and designated
diameters of tomato sizes have been profitable for the Florida Tomato Industry.
It is also doubtful that Mexican producers would impose restrictions on
themselves voluntarily if the Florida Tomato Marketing Order was not in effect.
The need for continued use of these controls plus consideration of additional
regulations on domestic shipments during periods of market glut are essential
if profitable returns are to be expected by the Florida Tomato Industry.
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The producers of Florida tomatoes must continue to work together to
provide the wultimate consumer with a more palatable product. New varieties
will be developed and the consumer must be educated in the proper methods of
ripening and preparation. Additional spending on promotion and education
should be considered in future years since increased per capita consumption of
fresh Florida tomatoes could cure many of the problems of overproduction.
Joint efforts of the Florida Tomato Committee and the Florida Tomato Exchange
are channeled in this direction.

L4
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TOMATO VARIETIES FOR FLORTDA

D. N. Maynard
University of Florida
Gulf Coast Research & Education Center
Bradenton, Florida 3:1203

Variety selection, often made several months before planting, is one
of the most important management decisions made by the grower. Failure
to select the most suitable variety or varieties may lead to loss of yield
or market acceptability.

The following characteristics should be considered in selection of
tamato varieties for use in Florida:

* Yield - The variety selected should have the potential to produce crops
at least equivalent to varieties already grown. The average yield in
Florida is currently about 1300 25-pound cartons per acre. The potential
yield of varieties in use should be much higher than average.

* Disease Resistance — Varieties selected for use in Florida must have
resistance to Fusarium wilt, Race I and Race II; Verticillium wilt; gray
leaf spot; and same tolerance to bacterial soft rot. Available resistance
to other diseases may be important in certain situations.

* Horticulturél Quality - Plant habit, jointlessness and fruit size,
shape, color, smoothness and resistance to defects should all be
considered in variety selection.

* Adaptability - Successful tamato varieties must perform well under the
range of environmental conditions usually encountered in the district or
on the individual farm.

* Market Acceptability - The tamato produced must have characteristics
acceptable to the packer, shipper, wholesaler, retailer and consumer.
Included among these qualities are pack out, fruit shape, ripening
ability, finmness and flavor.

Current Variety Situation

Many tamato varieties are grown camercially in Florida but only a few
represent most of the acreage.

'Sunny' is the leading variety, accounting for over 70% of the state's
acreage. The proportion of acreage in which Sunny is planted gradually
increased in each of the previous five years, however, the 1988-89 acreage
was virtually the same as the 1987-88 acreage. Sunny accounts for almost
all of the acreage in soutlwest Florida and the east coast, and almost 70%
of the Palmetto-Ruskin acreage. Most of the north Florida acreage is in
'Sunny’ .
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'Duke' is the most important variety in Dade County, accounting for
about 65% of the acreage there. 'Duke’ is not grown to any extent in the
other production areas, and acreage is declining in Dade County. Overall,
the acreage in 'Duke' is about 9% of the statewide total.

‘Pacific' is the third most important variety in Florida based on
acreage, representing about 12% of the Palmetto-Ruskin and 5% of the
statewide acreage.

'BHN 26', 'FIC 12' and 'Solar Set' are each grown on about 3% of the
state acreage. Most of the 'BHN 26' and 'Solar Set' acreage is planted
in the Palmetto-Ruskin area, whereas, most of the FIC 12 acreage is in
Dade County representing about 20% of the acreage there. 'All Star'
represents about 1% of the statewide acreage and 3% of the Palmetto-Ruskin
acreage.

Small (less than 1% of the state total) acreages of 'Summer Flavor
6000', 'Hayslip', 'Bonita', 'FloriDade', 'Floratam II', ‘Castleby 1041',
'Freedam', 'Summit', 'Roma‘, and various experimental hybrids were grown
in the 1988-89 season.

Tamato Variety Trial Results

Sumary results fran the Gulf Coast Research & Education Center,
Bradenton; Ft. Pierce Agricultural Research & Education Center; Southwest
Florida Research & Education Center, Immokalee; and North Florida Research
& Education Center, Quincy for the fall 1988 season are shown in Table 1.
High total yields and large fruit size were produced by 'Bingo' at
Bradenton; 'Sunny', 'IFAS 7209', 'IFAS 7193', 'Duke', and 'IFAS 7182' at
Ft. Pierce; ‘Solar Set' and 'Bingo' at Immokalee; and 'PSR 39686' at
Quincy.

Varieties having high total yields and large fruit size at these
locations for the spring 1989 season are shown in Table 2. At Bradenton,
'Pacific', 'Solar Set', and 'NVH 4459' had both high total yields and

large fruit size.

In several of these trials, there was little or no statistical
difference between the highest and lowest yielding varieties suggesting
that there are many outstanding varieties that growers can select for
planting. Camplete reports of IFAS tamato variety trials are available
fram those cited in the References.
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Table 1. Summary of IFAS tamato variety trial results. Fall 1988.
Location Total yield Fruit size
Bradenton (2)
Bingo Bingo
IFAS 7211 Olympic
IFAS 7209 Gator
X 3883 Duke
Solar Set
Ft. Pierce (5)
Sunny Duke
IFAS 7209 IFAS 7193
IFAS 7193 IFAS 7182
Duke Sunny
IFAS 7182 IFAS 7209
Tmmokalee (1)
IFAS 7182 Bingo
Pacific IFAS 7193
IFAS 7211 PSX 77684
Solar Set Solar Set
Bingo NVH 4461
IFAS 7193
Quincy (4)
PSR 39686 88E313U
PSR 58786 NVH 4461
PSR 43586 PSR 39686
Solar Set
NKH~494

Sources: Asgrow - Gator, Pacific, Solar Set, Sunny
Campbell - X 3883

Ferry-Morse — Bingo
Gulf Coast Research & Education Center - IFAS 7182, IFAS 7193,

IFAS 7209, IFAS 7211, 88E313U
Northrup King - NKH-494, NVH 4461

Petoseed - Duke, PSR 39686, PSR 43586, PSR 58786, PSX 77684
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Table 2. Summary of IFAS variety trial results. Spring 1989.
Location Total vield Fruit size
Bradenton (3)
FIE 24 . Bingo
Pacific Olympic
Solar Set PSR 9586
IFAS 7209 NVH 4459
NVH 4459 Pacific
Sunny Solar Set
Ft. Pierce (5)
Sunny Duke
IFAS 7209 Solar Set
Duke Sunny
Solar Set FIE 12
FTE 12 IFAS 7209
Immokalee (6)
Sunny Bingo
Summer Flavor 6000 Olympic
FIE 24 Pacific
Solar Set PSR 9586
IFAS 7209 NVH 4459
Quincy (4)
Colonial NC 87345
Agriset 761 Olympic
NC 87345 PSR 9586°
Bonita Bingo
Solar Set NS 268
Sources: Abbott & Cobb - Summer Flavor 6000

Asgrow - Pacific, Solar Set, Sunny

Ferry-Morse - Bingo

Gulf Coast Research & Education Center - IFAS 7209
Neuman - NS 268

North Carolina State University - NC 83745

Northrup King - Bonita, NVH 4459

Petoseed - Agriset 761, Colonial, Duke, FIE 12, FTE 24, Olympic,

PSR 9586
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REQOMMENDFED VARIETTES

The varieties listed have performed well in IFAS trials condicted in
various locations. Those varieties designated as FOR TRIAL should be
evaluated in trial plantings before large-scale production is attempted.

All Star (Petoseed). A midseason, jointed, dé&terminate hybrid. Fruit are
large, glaobe-shaped, and green shouldered. Resistant: Verticillium Wilt,
Fusarium Wilt (Race 1 and 2), Gray Leaf Spot, Alternaria Stem Canker. FOR
TRIAL.

Bingo (Ferry-Morse). A medium-early, jointed, determinate hybrid. Fruit
are large, glcbe-shaped, and green shouldered. Resistant: Verticillium
Wilt, Fusarium Wilt (Race 1 and 2), Gray Leaf Spot, Alternaria Stem
Canker. FOR TRIAL.

Duke - (Petoseed). An early, determminate, Jjointless hybrid. Fruit are
large, green shouldered, and moderately flat-round shaped. Resistant:
Verticillium Wilt, Fusarium Wilt (Race 1 and 2), Gray Leaf Spot,
Alternaria Stem Canker.

FloraTom IT (Petoseed). A jointless, determinate mid-season, large fruited
hybrid available fram Agrisales, Inc. and S&M Farm Supply. Resistant:
Verticillium Wilt, Fusarium Wilt (Race 1 and 2), Gray Leaf Spot,
Alternaria Stem Canker. FCR TRIAL. '

FIC 12 (Petoseed). 2An early to mid-season, jointless, determinate hybrid
developed for members of the Florida Tamato Cammittee. Moderately large
fruit have green shoulders and are flat-round shaped. Resistant:
Verticillium Wilt, Fusarium Wilt (Race 1 and 2), Gray Leaf Spot,
Alternaria Stem Canker.

Pacific (Asgrow). Large, smooth—-globe, green shouldered fruit are
produced on determinate plants. Jointed. Hybrid. Resistant: Altermaria,
Fusarium Wilt (Race 1 and 2), Verticillium Wilt (Race 1), Gray Leaf Spot.

Solar Set (IFAS-Asgrow). An early, large—fruited, jointed hybrid.
Determinate. Fruit set under high temperatures (92°F day/72° night) is
superior to other cammercial varieties. Resistant: Fusarium Wilt (Race
1 and 2), Verticillium Wilt (Race 1) and Gray leaf Spot.

Sumrer Flavor 6000 (Abbott & Cobb). A mid-season, jointless, determinate
hybrid. Large, deep globe fruit. Resistant: Verticillium Wilt, Fusarium
Wilt (Race 1 and 2). FCR TRIAL.

Sunny (Asgrow). A mid-season, jointed, determinate hybrid. Fruit are
large, flat—globular in shape, and are green shouldered. Resistant:
Verticillium Wilt, Fusarium Wilt (Race 1 and 2), Alternaria Stem Canker,
Gray Leaf Spot.
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CHERRY TYPE

Cherry Grande (Petoseed). A jointed, determinate hybrid. Fruit are deep
red, green shouldered, globe shaped, and have an average diameter of 1 1/4
to 1 1/2 in. Resistant: Verticillium Wilt, Fusarium Wilt (Race 1),
Alternaria Stem Canker, Gray Leaf Spot.

Castlette 1067 (Sunseeds). A jointless, medium-vine determinate hybrid.
Bright-red fruit are green shouldered, deep—globe shaped, and about 1 1/4
in. in diameter. Resistant: Verticillium Wilt, Fusarium Wilt (Race 1).

Red Cherry Large (Petoseed). A jointed, indeterminate, open~pollinated
variety. Green shouldered, deep—globe fruit are about 1 1/4 in. diameter.
Resistant: Altermaria Stem Canker.

REFERENCES

1. Arnold, C. E. and K. A, Armbrester. 1989. Staked tamato variety trial
results - fall 1988. Southwest Florida Research & Education Center
Research Report IMM 89-1.
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results for fall 1988. Gulf Coast Research & Education Center Research
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TCMATO PLANT DISEASE
CHEMICAL CONTROL GUIDE

T. A. Kucharek
Plant Pathology Department
University of Florida
Gainesville, Florida 32611
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WEED CONTROL IN a

FLORIDA VEGETABLES

Institute of Food and Agricultural Sciences @ University of Florida

SS-VEC 919 W. M. Stall
Vegetable Crops Department

Weeds are a major problem in tomato production in Florida.
Weeds can reduce yields through direct competition for light,
moisture and nutrients as well as harbor insects such as white fly
and thrips among others as well as diseases that attack tomatoes.

Tomatoes are present in the field in some area of Florida
every month of the year. Over this period, the variable climatic
conditions influence the diversity of weed species present and their
severity. Growers should plan a total weed control program that
integrates mechanical and cultural methods of weed control along
with c¢hemical means to fit their weed problems and production
practices.

Herbicide performance depends on weather, irrigation, soil as
well as proper selection for weed species to be controlled and
accurate application and timing.

Weeds such as nightshade have developed resistance to some
post-emergent herbicides such as paraquat in some areas. Control
of this weed and some others can only be accomplished with tank mix
combinations. Several studies have shown that gallonage above 60
GPA can dilute some tank mix combinations and reduce efficacy.

Obtain consistent results by reading the herbicide label and
other information about proper application and timing of each
herbicide. To avoid confusion between formulations, suggested rates
listed are stated in pounds active ingredient per acre (lbs
ai/acre). On soils with low organic matter use the lower rates.

When applying a herbicide for the first time or in a new area,
use in a small trial basis first.

Before application of a herbicide, CAREFULLY READ AND FOLLOW
THE LABEL.
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TOMATOES
Time of
- Labelled Application
Herbicide Crops to Crop Rate (1lbs. ai./acre)
Chloramben Tomatoes Postemergence : 3.0
(Amiben) (established) or posttransplant

REMARKS: Granular formulation may be applied to cultivated non-mulched
transplanted or established direct seeded tomatoes. Plants should be at
the 5-6 leaf stage. Apply only when foliage is dry. Will not control
established weeds.

Chloramben Tomatoes Post planting 3.0

(Amiben) (established) or post trans-
. planting

REMARKS: A special Local needs 24 (c) Label for Florida. Apply once per
crop season after existing weeds in row middles have been removed. Label
states control of many annual grasses and broadleaf weeds. Among these
are crabgrass, goosegrass, lambsquarter, wild mustard, black nightshade,
pigweed, purslane, common ragweed and Fleorida beggarweed.

DCPA Established Posttrans-~ 6.0 - 8.0
(Dacthal) tomatoes ' planting after
ik crop. establishment
" (non-mulched) ‘
Mulched row 6.0 - 8.0

middles after
crop establishment

REMARKS: Controls germlnatlng annuals. Apply to weed-free soil 6-8
weeks after crop is established and growing rapidly or to moist soil in
row middles after crop establishment. Note label precautions of
replanting non registered crops within 8 months.

Diphenamid Tomatoes Pretransplant 3.0 - 4.0
(Enide) Preemergence
. Postemergence
Posttransplant
incorporated

REMARKS: Controls germinating annuals. Apply to moist soil 1 week
before or within 4 weeks after transplanting crop. Incorporate 0.5 to

2 inches. May be applied as directed band over "plug" planting or to
mulched row middles. Label states control of many grasses and broadleaf
weeds including spiny amaranth, bermudagrass, goosegrass, seedling
johnsongrass, lambsquarter, plgweed purslane, Fla. pusley and others.

(cont'ad)
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Tomatoes ~ cont'd

Time of
Labelled Application
Herbicide Crops to Crop Rate (lbs. ai./acre)
Metribuzin Tomatoes Postemergence 0.25 - 0.5
(Sencor) Posttransplamting

after establishment
REMARKS: Controls small emerged weeds after transplants are established
direct seeded plants reach 5-6 true leaf stage. Apply in single or
multiple applications with minimum of 14 days between treatments and a
maximum of 1.0 lb. ai/acre within a crop season. Avoid applications for
3 days following cool, wet or cloudy weather to reduce possible crop

injury.
Metribuzin Tomatces Directed spray 0.25 - 1.0
(Sencor, . in row middles
Lexone)

REMARKS: Apply in single or multiple applications with a minimum of )
14 days between treatments and maxiumum of 1.0 lb. ai acre within crop
season. Avoid applications for 3 days following cocl, wet or cloudy
weather to reduce possible crop injury. Label states control of man
annual grasses and broadleaf weeds including, lambsquarter,  fall panicum,
amaranthus sp., Florida pusley, common ragweed, sicklepod, and spotted

spurge. ~
Napropamid Tomatoes oo Preplant 1.0 - 2.0
(Devrinol) incorporated

REMARKS: Apply to well worked soil that is dry enough to permit thorough
incorporation to a depth of 1-2 inches. Incorporate same day as applied.
For direct seeded or transplanted tomatoes.

Napropamid Tomatces Surface 2.0
(Devrinol) treatment

REMARKS: Controls germinating annuals. Apply to bed tops after bedding
but before plastic application. Rainfall or overhead irrigate sufficient
to wet soil 1 inch in depth should follow treatment within 24 hours. May
be applied to row middles between mulched beds. A special Local Needs
24(c) Label for Florida. Label states control of weeds including Texas
panicum, pigweed, purslane, Florida pusley, and signalgrass.

Paraquat Tomatoes Premergence 0.5 = 1.0
(Gramoxone Pretransplant
Super)

REMARKS: Controls emerged weeds. Use a non-ibnic spreader and
thoroughly wet weed foliage.

(cont'd)
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" Tomatoes - cont'd
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Time of
Labelled Application
Herbicide Crops to Crop Rate (lbs. ai./acre)
Paraquat Tomatoes Post directed 0.47
(Gramoxone spray in row
Super) middle

REMARKS: Controls emerged weeds. Direct spray over emerged weeds 1 to
6 inches tall in row middles between mulched beds. Use a non-ionic
spreader. Use low pressure and shields to controcl drift. Do not apply
more than 3 times per season.

Paraquat Tomatoes Post directed = 0.47
(Gramoxone spray 1n row
Super) , middle +
+
Enquick 3 - 5 gal

REMARKS: Controls emerged weeds only. Apply 3-5 gal Enquick and 2 1/2
pt Gramoxone Super in 20 - 50 gal of spray mix per acre. A non-ionic
surfactant must be added at 1 - 2 pt per 100 gal spray mix. Enguick is
severely corrosive to nylon. Non-nylon plastic and 316-L stainless steel
are recommended for application equipment. Read the precautionary
statements on Enquick before use. Follow all restrictions on both labels.

Sethoxydim Tomatoes Postemergence ' 0.188 - 0.28
(Poast) T

REMARKS: Controls actively growing grass weeds. A total of 4 1/2 pt
product per acre may be applied in one season. Do not apply within

20 days of harvest. Apply in 5 to 20 gallons of water adding 2 pt of oil
concentrate per acre. Unsatisfactory results may occur if applied to
grasses under stress. Use 0.188 1lb a.i. (1 pt) to seedling grasses and
up to 0.28 1b a.i. (1 1/2 pt) to perennial grasses emerging from
rhizomes etc. Consult label for grass species and growth stage for best

control.
Trifluralin Tomatoes Pretransplant 0.75 - 1.0
(Treflan) (except incorporated

Dade County)

REMARKS: Controls germinating annuals. Incorporate 4 inches or less
within 8 hours of application. Results in Florida are erratic on soils
with low organic matter and clay contents. Note label precautions of
planting non-registered crops within 5 months. Do not apply after

transplanting.
Trifluralin Seeded Post directed 0.75 - 1.0
(Treflan) tomatoes (except

Dade County)

. REMARKS: For direct seeded tomatoes, apply at blocking or thinning as a
directed spray to the soil between the rows and incorporate.
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NEMATODE CONTROL IN TOMATOES,
PEPPERS, & EGGPLANTS

J. W. Noling
Citrus Research and Education Center
Lake Alfred, Florida
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Nematode Pests of Vegetable Crops in Florida

The following is a list of nematodes which may affect vegetable crops in
Florida; many may cause drastlc yield reductions.

Common Names Scientific Names
Root-knot nematodes Meloidogyne spp.
Sting nematodes Belonolaimus spp.
Stubby-root nematcdes Trichodorus spp.
Root-lesion nematodes Pratylenchus spp.
Cyst nematodes Heterodera spp.
Awl nematodes . ‘ Dolichodorus spp.
Stunt nematodes Tylenchorhynchus spp.
Lance nematodes Hoplolaimus spp.
Spiral nematodes _Helicotylenchus spp.
_ Scutellonema spp.
Ring nematodes Criconemoides spp.
Dagger nematodes Xiphinema spp.
Bud and leaf nematodes Aphelenchoides spp.
Reniform nematodes : Rotylenchulus spp.

Multiple-Pest Interactions:
A Basis for Crop Loss Assessment and Nematode Management

It is frequently not possible to canfidently predlct crop losses due to
nematodes based solely on soil and root sample information of nematode
population densxty, because of the uncertalnty of the interactions between
plant parasitic nematodes and their environment, and with cther pest species.
Much is known about the impact of specific pests, agronomic inputs, and
environmental factors on plant growth when they are manlpulated and studied
separately. Less is known about the combined action of various pests and the
effects interacting plant stresses have on pest populatlons or the rates at
which these populations develop. 1In partlcular, prediction of crop loss for
advisory purposes must be able to partition and account for the interaction of
multiple pests under varying agronomic practices and conditions. Crop loss
information from the total pest complex forms the basis for rational or
optimal farm, crop and pest management decisions. 1In this way pesticide use
can be most efficiently and prudently prescribed.

During development, plants are exposed to different levels and complexes of
competing pests. For example, many kinds of nematcdes and fungi are generally
present in the soil and their populations may be assessed prior to planting.
Other pests, including insects, weeds and certain fungi and bacteria arrive
and are assessed much later in the growth of the crop. The timing of pest
attacks, whether they occur simultaneocusly, sequentially, or any combination
of fge two during the development of the plant can profoundly alter final crop
yie

Individual species of nematodes (root-knot, sting, lesion, etc.) seldom occur
alone but rather in a community with many other species of plant parasitic
nematodes. The presence of one species may enhance, retard or have no obvious
effect on the population dynamics of another competing nematode species when
present on a particular host plant. For other host plants, soil types,
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cultural, edaphic, and environmental condltlons, the effects of such
competltlve interactions between nematode species may be very different.
Therefore one cannot extrapolate interaction predictlons from one host plant
to another. The interactions between nematodes or with other pests may be
physical, such as simple competition for food or space, or may be functiocnally
mediated through the plant and represented by a change in food quantity or
quality, or in productlon of antibiotic chemlcals.

Types of Interactlons. .
Changes caused in the plant by one stress factor may 1nd1rectly influence the
subsequent impact of a second stress factor. Alteration of host plant
physiolegy in response to nematode parasitism may increase, decrease, or have
no apparent effect on the susceptibility of the plant to additional pests.

When two or more pests attack a plant, the interaction may be synergistic
where the combined effects of the pests are greater than the sum of the
effects of each pest actlng alone. Multiple-pest associations that cause
synergistic increases in yleld losses are particularly well documented for
nematodes and fungi. The best documented example is the root-knot nematode,
Meloidogyne spp., and Fusarium wilt disease on old tomato production land.

The root-knot nematode, by causing the development of root galls, provides a
nutrient-rich food source which the fungi colonize rapidly. Root=knot
nematodes can thus significantly enhance disease development and yield loss,
elevating primary or secondary pathogens to major pest status even though
population levels or pathogenic potential of the fungi were initially very low
and yield losses would have been minimal in the absence of the nematode

In other multiple pest associations different pests may interact negatively,
so that the combined effects are less than the sum of the effects of each pest
acting alone. Direct competition for feeding sites or substrates or effects
on host physiology may serve to lessen the full expression of each pest's
damage potential. 1In other cases, the presence of the two or more pests do
not appear to increase or decrease yield in relation the sum of the individual
pest effects. The effects are simply the pathogenic potential of each species
and the levels to which they are suppressed or enhanced. Ultimately,
multiple-pest effects are dependent on a myriad of complex factors, many of
which are not well understood or studied.

Pericdic measurement of pest populatlon dens;ty may also be needed to detect
seasonal population changes, since affected tissues and prediction of yield as
a function of pest population varies seasonally when different pests and
disease-causing organisms are present. For example, highest nutsedge
populations frequently occur in the field when moderate to high Meloidogyne
populations have reduced crop growth and allowed weed development. This
further reduces crop yields and increases pest control expenses. The
interaction in this case is sequential and illustrates the importance of
nematode management programs. Failure to account for co-variation of weed and
nematode populations misrepresents the true impact of the nematode on crop
product1v1ty even though the weeds, through competition for water, light, and
nutrients, caused the additional loss in yield.

Quantifying Nematode Stress:

Many factors serve to isolate and maintain certain nematodes within particular
locations of the field. As the environment of a particular field changes, so
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does the relative involvement and pathogenicity of the nematode and pest
complex present. For example, as the coarse-particle size content of soils
1ncrease, the synerglstlc interaction between root-knot nematode and certain
fungi generally increases. Increasing soil partlcle size also increases
damage from the nematode and fungus alone. Prellmlnary sampllng, which 1s
accomplished prior to harvest or after destruction of the previous crop, is
necessary to identify infested areas and ranges in nematode population levels
within the field. Sampling procedures are described in sampling kits
available from the Nematode Assay laboratory or local County Extensxon Offices

Typically many different species of nematodes are recovered from a soil sample
submitted for nematode diagnostic and advisory purposes. To- formulate a
control recommendation, the damage anticipated from the most pathogenic
species is first considered. Other less pathogenic species of nematodes
present are then ranked and their expected effects related to the damage
expected from the most pathogenlc species. Their relative pathogenic ratings
in terms of the most pathogenlc species are then summed across species and
population densities to provide a cumulative total of pathogenic equivalents.
Since ant1c1pated damage from the most pathogenic species is the benchmark,
plant damage is assessed in terms of standardized units of pathogenicity for
all nematode species involved.

Distributional Aspects:

The ability to predlct crop losses attributable to nematodes and other pests
at a field level is based on accurate description of pest density,
distribution, and areas where different nematode or pest species occur
together. The areas of overlap are important since they form the critical
areas for pest interaction. Development of nematode crop loss predictions
uniquely determined for individual fields and pest species will undoubtedly
await further refinements in many different areas of nematology, including
sampling methods, and descriptions of nematode field dlstrxbutxon patterns

If nematode field distribution were known, field estimates of crop loss
including the relative involvement of the species present and recommendations
for 'spot' treatment could be estimated. For example, in all areas of the
field where no species overlap occurs, it would be p0551ble to apply a single
damage relationship accountlng for each pest by summing over the frequency and
density of each pest occurring within each unit area of the field. For areas
in which pests overlap, the resultant damage relationship would have to
include the individual affects of each pest as well as the interaction term
summed over the number of overlapping areas to arrive at an estimate of crop
loss. The total loss would then be the simple addition of expected loss for
each area of the field with respect to pest density and distribution. For man
pest-crop systems, incorporation of the interaction term could significantly
improve crop loss prediction by consxdering synerglstlc or antagonistic
relationships among nematodes and with other pathogenic organisms.

Nematode control strategles may influence other pest species, which in turn
can alter the incidence and severity of the disease complex or alter the
susceptibility of the plant to other stress factors. 1In fact, much of the
evidence for the involvement of nematodes in disease complexes is based on
lower disease severity when nematode were controlled. Most soil fumigant
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nemat1c1des, applied at specific rates and formulations, can differentially
affect nematode and other soil borne pests as well as soil nutrient relations
through their effects on non-target soil mlcroorganlsms. Justification for
use of specific formulations and dosage levels of fumigant nematicides could
well be based on the diversity and levels of pests within the field, since
many fumigants differentially effect the soil-borne pest complex. Slmllarly,
selection of non-fumigant insecticide/nematicides could be based on
consideration of their expected effects or levels of lnjury for all pests that
are present.

Prescrlptlve Approaches to Soil Pest Control
With Methyl Bromide & Chloropicrin

Durlng development, plants are frequently exposed to different levels and
complexes of competing pests. A combination of pest stressors on plant growth
may interact such that the combined effects of the pest complex are greater
than the added effects of each pest. Nematode parasitism frequently increases
plant SuSCEPtlblllty to plant pathogenlc fungi and bacteria. The interaction
among pests is well documented in tomatoes on old production land when
Fusarium wilt disease and Root-knot nematode (Meloidogyne spp.) are both
present. Young plants are very susceptible to the combinatlon of pests,
collapsing prlor to harvest. The nematode, by impairing water and nutrient
availability, disrupts root function and plant growth processes. These
effects combined with the wvascular blocking due to the wilt fungi can be
particularly severe, and if widespread, result in total crop failure.

This interaction between pests seriously limits the use of economic thresholds
-»developed for individual pests and justification for specific, individual
pest—orlented control strategles. The severity and re-occuring nature of
multiple-pest problems, as in tomato production on cld land, underscores the
need for control strategies which con51der populatlon denSLty of all members
of the pest complex and their combined ion crop yield.

Methyl bromide (MB) and chloropicrin (CP) are marketed as broad spectrum soil
fumigants to control such soil-borne pests as insects, weeds, nematodes,

and fungi. They are currently registered within Florida under various
different labels and formulations as preplant treatments for tomatoes,
peppers, eggplant, broccolx, cauliflower, melons, strawberry, and seedbeds for
transplants (Table 1). MB is commonly mixed in various proportions with CP.

In low concentrations, CP is used primarily as a field marker for detection of
escaping MB fumes.

Since the discovery of CP in 1848 and MB in 1932, considerable research has
been done to evaluate their dispersion and d1551patlon characteristics and
efflcacy of each against a myriad of urban, storage, and soil-borne pests.
Even with this extensive research base, some uncertalnty exists concerning the
broad spectrum activities of MB, CP, and their mixtures.

Lethal levels required to control individual pests are determined from study
of dose-response relatlonshlps of individual pests with each pest1c1de
product. Pest control practices are then generally based on pesticide levels
required to kill the most tolerant or resistant economically important pest
spec1es. In general, the degree of nematode or general soil pest control
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increases non-linearly as fumigation rate increases. 1In the case of MB-CP
mixtures, product selection becomes more complex since each compound is known
to possess greater toxicity than the other to specific pests. This
differential toxicity of the two components of MB-CP mixtures should allow a
more prescriptive approach to pest control for fields with differing pest
complexes. ‘

Weeds:

In the case of different weeds, the relative susceptibility of different weeds
to MB and CP formulations and dosage levels have not been adequately assessed.
MB is the primary herbicidal agent for the MB-CP mixture and the weed control
properties decrease as the rate per acre of the MB decreases. This is
especially pertinent to weed species with hard seed coats or large corms or
tubers. Many weeds, including mallow, morning glory, vetch, dodder and some
species of clover are difficult to control at recommended rates and methods of
application and marked growth stimulation, especially of grasses and hard
seeded legumes can also occur in response to inadequate rates of fumigation.
At a broadcast rate of 400 lbs/a, nutsedge control can be marginal with
formulations of 67-33% (268 lb MB/a); thls has therefore promoted the use of
98-2% methyl bromide-chloropicrin formulation (392 1lb MB/a) for more effective
nutsedge control.

Pailure to control tolerant weeds such as nutsedge and pigweed with MB is most
frequently related to inadequate soil preparation and dry soil conditions
prior to fumigation. Pretreatment irrigation 1-2 weeks prior to fumigation is
recommended to encourage seed/tuber germination and susceptibility to
diffusing gases. Weed control at the bed surface may alsc be incomplete
midpoint between injection points and permit weeds to compete with transplants
set off-center of the injection path. .

Nematodes:

In general, nematodes are much more sensitive to the multipurpose fumigants
than are fungi, bacteria, weeds, or most forms of soil dwelling insects.
Although sensitive, many nematodes still survive the fumigant treatment even
at application rates sufficient to affect other more tolerant pests. The
survival of nematodes is influenced by many factors. The presence of large,
undecayed roots prior to treatment can shelter endoparasitic nematodes from
lethal gases. It has been shown that undecayed roots can be 8-~16 times mores
resistant to fumigants than the pests or pathogens living in them and this
resistance increases markedly with root size. Inconsistent control of
root-knot nematodes has occurred with CP when complete decay of infested roots
was not achieved prior to fumigation. Conversely, excellent control of
root-knot nematode~-infested roots has been obtained with MB, which penetrates
intact root tissues more readily.

The vertical migration of nematodes within the soil, especially prior to cool
and/or dry fallow periods is now being considered as another important factor
which maintains populations below treated zones following fumigation. In very
dry soils, many nematodes which can survive in a dehydrated state can tolerate
10 times the dose lethal to active forms in moist scils. The rapid escape of
volatilizing gases near the soil surface only compounds the problem. Ancther
- commonly overlooked factor is dosage level, the quantity of chemical per unit
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area of scil required to achieve control. Dosage levels required for
effective control vary not only with soil type, soil moisture, and temperature
but also nematode infestation level. Higher dosages are generally required to
reduce higher populations to desired sub-economic levels.

Other Plant Pathogens:

MB and CP are also used to reduce the incidence, of soil borne fungal pathogens
such as Fusarium and Verticillium. In field and laboratory studies, MB has
generally failed to control Verticillium, even at rates in excess of 200
lbs/a. In other tests, MB was ineffective for control of Fusarium and
Corynebacterium. Microsclerotia of Verticillium are difficult to kill and
control of the microsclerotial-forming fungi decreases rapidly with MB dosage,
especially in soils with high organic content. In contrast to MB, CP is an
excellent fungicide, active against many plant pathogenic fungi of economic
importance. Toxicological studies relating the level of control of soil borne
plant pathogens to increasing levels of CP in MB mixtures have not been
performed or are not readily available. In some cases it has been shown that
percent control of Verticillium, Fusarium, Rhizoctonia, Pythium, and
Thielaviopsis, all economically important fungal pathogens, increased when
chloropicrin was added to MB. This increased level of control in relation to
MB or CP alone is apparently due to the additive toxicity of the two compounds

together.
Formulation Assessment:

Based solely on the above toxicological information, some general guidelines
for MB-CP formulation decisions can be inferred. In fields where the primary
objective is weed control, formulations emphasizing MB should be used as in -
formulations with 98% MB and 2% CP. Formulations with 67% MB and 33% are
generally regarded as borderline for nutsedge control. 1In fields where plant
pathogenic fungi are the primary problem, formulations emphasizing CP should
be used, as in 67% MB and 33% CP. For nematode control, MB has certain
advantages over CP. MB is cheaper, easier to handle, less corrosive to
equipment and permits field replanting sooner than CP. If chloropicrin is
used at high levels in the formulation, then treatment and consequently
replanting should be sufficiently delayed to allow for root decay and to
prevent any undesirable phytotoxic effects to the following crop.

The higher price of chloropicrin relative to methyl bromide is, in addition to
differential toxicity, an lmportant economic factor influencing fumigant use,
rate, and formulation decisions. The difference in price allows the use of
greater field dosage rates of MB than other formulations when equivalent
material costs are considered. ' :

The real cost to the grower is not solely determined by comparison of the
difference in product price. The comparative efficacies of the different rates
and formulations of methyl bromide and chloropicrin are important
considerations, especially pertinent when equivalent costs are evaluated.
Formulation decisions based entirely on material costs can result in
production losses due to marginal or incomplete control of MB tolerant or
resistant pests. In this case the philosophy that 'more is always better' can
have serious economic consequences and should be avoided. At the same time it
underscores the need for further study and economic analysis comparing returns
over costs for different rates and formulations of fumigant nematicides.
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The environmental and nutritional consequences of pesticide use is becoming of
primary concern toc many public and -governmental agencies. Agricultural
chemical are more closely scrutinized, especially as they relates to
environmental fate, toxicity, worker safety, and pesticide misuse.

Development of more prudent and efficient pest management strategies is
therefore essential.

L s

Chemigation

Chemigation refers to the injection and delivery of agrichemicals through an
irrigation system. Drip irrigation systems are being increasingly used to
deliver nematicides, as well as broad spectrum fumigant materials to control
soil insects, nematodes, fungi, and weeds. In general chemigation of
nematicides (Nemagation) has been shown to be both feasible and effective when
the drip irrigation and chemical injection systems are properly installed,
calibrated and operated, and when the proper chemicals are utilized and
applied uniformly. In this regard chemigation is no different from
conventional pesticide application systems in that effective nematode control
will always be contingent upon the care and precautions taken to insure proper
soil conditions and accurate calibration and delivery of nematicides.

Both federal (EPA) and state agricultural agencies (DACS) currently permit
application of nematicides and insecticides through irrigation systems
(including drip) provided: 1) necessary backflow, anti-siphon irrigation
equipment is installed, 2) the treated crop is contained on the pesticide
label, and 3) the label does not prohibit irrigation injection.

The use of a drip irrigation system for the delivery of nematicides appears to
‘be a promising approach for precision application to the root zone of

plants to control nematodes prior to planting and for postplant :
applications to infested crops to salvage yield. For many high value
vegetable crops, the future of nemagation appears to lie 1in its use for
multiple cropping systems, enhancing yields of the 2nd crop, and in
conjunction with soil fumigation and film mulch with the primary crop.
Chemigated pesticides are delivered to the plants rooting zone within a
limited wetted area near the drip emitters. For a single emitter a small,
circular wetted area may only be visible at the soil surface in many of the
coarse sands characteristic of crop production in Florida. With depth the
cross-sectional area of the wetted zone generally increases, typically forming
the general shape and appearance of an ‘'oniocn bulb'., The vertical and
horizontal movement of water in the plant bed following irrigation is
dependent on many factors, the most important of which is soil type (hydraulic
conductivity & water holding capacity), initial soil moisture conditions, soil
coempaction, presence of shallow subsurface impermeable layers and water table,
and rate and volume of water delivery.

For water introduced at uniform points on the soil surface a wetted strip
usually develops parallel to the drip line. For mulched crops with drip
emitter spacings of 12 inches and bed widths of 36 inches, the entire plant
bed may be wetted during an irrigation cycle. However, in dry seasons with
little or no rainfall and declining water tables, limited movement of water
into the shoulder of the plant bed has been observed even when two drip lines
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per bed have been used to supply irrigation water. On Rockdale soils, with
similar bed design and drip emitter spacings, the wetted zone may be a
semicircle no greater than 9 inches in radius for individual emitters. The
shape of the wetted zone tends to be hemispherical, with a dry zone
perpendicular to the drip tube and at depth, midway between emitters.

On sandy soils, nematode control may be limited by the width and depth of the
wetting pattern and the distribution of pesticide within the wetted zone.
Factors which affect water infiltration and radial movement will also affect
the location of the chemical in the soil. For example, overlapping patterns
of coverage for adjacent emitters do not concentrate soil applied nematicides
when water fronts meet midway between emitters. As water fronts collide,
water and the chemicals contained in them, move outward and downward, forming
irreqularly shaped wetted bands, rather than individual circles. Many other
factors also affect nematicide transport through soil including chemical
solubility, organic matter adsorption, and microbial degradation.

Nematicides applied with irrigation water are carried by water into the soil
but are generally not moved throughout the entire wetted zone but only a
proportion of the distance moved by the water itself. Limited horizontal
movement of irrigation water in many coarse textured Florida sands have
inhibited the efficacious use of nematicides. 1In general, nematode control
has increased as the tube placement in the soil increased from the soil
surface to a depth of 4 inches and as the broadcast application rate increased.

Drip irrigation systems have also been successfully used to deliver soil
fumigants nematicides such as Methyl Bromide and Chloropicrin into mulched
beds through bi-wall tubing prior to planting using a hot gas method.
Excellent weed and nematode control have been obtained and crop yields
significantly increased. Application of fumigant nematicides through
micropore tape has been ineffective for controlling nematodes or improving
yields due to a rapid loss and poor linear distribution of the fumigant along
the tape.

Calibration and Injection:

For proper calibration growers must have field specific information regarding
the size and shape of the wetted area, particularly as they relate to the
quantity and duration of a single application of irrigation water. The amount
of chemical injected into the drip irrigation system would then be calculated
according to the surface area of each acre actually wetted by emitters.
Calculation of pesticide rates are frequently based entirely on bed width and
assumptions of uniform movement and distribution of the pesticide throughout
the wetted zone which, in fact, seldom occurs. When pesticide rates are
calibrated based solely on bed width and not wetted zone, then pesticides nay
be applied at phytotoxic levels in the volume of the plant bed in which the
pesticide is distributed. Poor root growth may occur in areas where nematodes
are controlled due to phytotoxic effects as well as in areas where nematodes
are not exposed to the chemical.

When the entire bed is wetted during an irrigation cycle, the amount of
chemical injected per acre is a simple proportion (bed width/row spacing) of
the maximum broadcast rate of application. When the entire bed is not wetted,
then the calculation becomes more complex since the maximum cross sectional
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area of the wetted zone or the average width of the wetted band must be )
determined. The average width of the wetted band is then related to row width
to determine what proportion of the broadcast rate to apply.

once the overall pesticide rate has been calculated (based on surface wetted
acre), the next step is determining when and for what duration the chemical
will be injected into the irrigation cycle. Chemicals injected too early in
the irrigation cycle may be effectively pushed out of the rooting zone with
continued application of water. If injected over a short period, the chemical
may form only a narrow semicircular band of effective control around each
emitter. The injection time must also reflect the time required to flush the
chemical from the irrigation lines. 1Ideally, the chemigation operation will
disperse and maintain the chemical throughout the entire rooting zone of the
plant, at toxic concentrations, for sufficient time to be effective.

Different injection periods have been evaluated to determine whether better
results would be obtained by applying chemicals in higher concentrations in a
single application at the beginning of the crop or by spreading the
application of lower concentrations over a longer time period. In general,
nematicides applied over an extended period have been found to be more
effective than over a single day period in improving crop yields. However, it
is unlikely that the introduction of nematicides into the root zone for the
entire crop season will prove to be necessary to achieve maximum yield
increase. Preplant nematode control practices have repeatedly been shown to
be more effective than postplant applications for nematode control and
increasing yield, since nematodes that become established within root tissues,
may be shielded from the pesticide in the soil and survive the treatment.

A waiting period for subsequent irrigations is another important factor which
is frequently overlooked and strongly influences nematode control. A five day
waiting period is generally considered to be essential for adequate nematode
control. An irrigation delay is required because the effects of many
nematicides are cumulative such that nematode mortality increases as exposure
time to the chemical increases. And more importantly, the effects can be
reversible once the pesticide has been flushed from the environment which
surrounds the nematode. In this case the objective may be to maintain lower
concentrations over an extended time through repeated applications. However,
in Florida soils with low organic matter and water holding capacity, water
availability to the plant may be compromised to retain chemicals within the
plant rooting zone. An irrigation delay may be particularly severe for plants
when weather conditions are hot and dry and plant water demand is high.

The level of pest control that is achieved is related primarily to pesticide
concentration, outward radial movement which determines total treated soil
volume, and residence time of the chemical in the soil. Very little
information is available at present regarding optimal strategies for injection
of pesticides to maximize nematode control and yield. Considerably ncre
information is needed regarding pesticide movement and longevity in the soil
in order to determine optimal irrigation frequency and number of pesticide
applications.

Once in the soil, nematicides may be transported by water through the various
soil strata down to groundwater. The risks associated with nemagation, such
as the downward transport of nematicides to groundwater, should therefore be
of primary concern. Highly permeable sandy soils with low organic matter, and
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shallow groundwater are typical of Florida crop production and those usually
associated with high risk of groundwater contamination. In this regard
irrigation scheduling programs using moisture depletion as a basis for
determining the timing and quantity of water application may become critical
for maintaining pesticides within the rooting zone of crops and avoidance of
groundwater contamination problems. Managing pesticides within the soil
profile may go along ways in providing more effective nematode control,
providing consistent economic returns to the grower, and resolution of
environmental and human health concerns.

Nematicides: Explanation of Rates Listed in the Following Tables

Chemicals used to control nematodes include non-fumigant nematicides, fumigant
nematicides, and multipurpose fumigants. Refer to Section III of this Guide
for discussion of the characteristics of each of these groups.

"Overall® socil. fumigation is done by injecting fumigant from outlets equally
spaced across the entire field. Outlets (behind chisels or coulters) are
spaced:

2. All fumigants except Vapam and Vorlex: 12 inches; if less than 12
inches, the rate per outlet should be reduced proportionally. The rate of
fumigant within the area actually treated should never exceed the maximum
overall rate (broadcast rate).

b. Vapam: 5 inches.

c. Vorlex: 6-8 inches (8 inches was used for calcﬁlation'of row
rates for this Guide).

"Row" application of fumigants refers to treatment of a relatively narrow band
of soil with one or more outlets centered on the planting row. This generally
provides adequate protection for annual crops with much less fumigant per acre
of field. If two of more outlets are used per row, they should be spaced and
the rate per outlet should be the same as for overall treatment. "Row"
fumigant rates in the tables assume use of one outlet per row, with rows 36
inches apart, unless otherwise noted. Wider spacing of rows will require less
total fumigant per acre, and closer spacing will require more, than the
"Gal/Acre" estimate based on 36-inch row spacing.

The dosage listed for some fumigants should be increased for organic soils
(peat and muck):; others should not be applied to such soils; see labels.

Rates of non~-fumigant materials are given in weight or volume units of
formulation. The maximum rate per 1000 ft of row should not be exceeded;
wider row spacing will use less total chemical per acre, but closer row
spacing must not result in more total material used per acre than the maximum
permitted on a broadcast basis. '
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TOMATOES, PEPPERS, & EGGPLANTS

These crops share similar nematode problems and nematicide registrations, and
are grown and handled similarly. Their most important nematode pests are
root-knot (in sand, muck and Dade Co. rock-based soils), stubby-root (in sand
and muck soils), and sting (in sands) nematodes. Fumigants (Table 1) are
much more consistently effective against root-knot nematodes than the
non-fumigants (Table 2); under some circumstances, non-fumigants are more
effective against stubby-root nematodes than are fumigants; most nematicides
can be effective against sting nematodes if applied properly.

Tomatoces, peppers and, to some extent eggplant are produced on plastic-mulched
beds in many areas of Florida. These beds are routinely fumigated with a
multi-purpose fumigant at the time they are covered for broad spectrum soil
pest control. Several brands of the fumigants used most widely for tomatoes,
including many different methyl bromide/chloropicrin mixtures, have also been
registered for peppers and/or eggplant. There is evidence to suggest that some
formulations may be better suited for control of specific pest complexes
(i.e.,combinations of nematodes, weeds,and/or fungi). However, the GROWER
must check the label of the product he is actually using to be sure that it is
registered for the crops to be grown in the soil being treated. Most
multi-purpose fumigants which do not contain methyl bromide may be legally
used to treat production fields for nearly any vegetable crop.

TABLE 1. FUMIGANT NEMATICIDES FOR TOMATOES, PEPPERS AND EGGPLANTS IN FLORIDA.
(Rates are believed to be correct for products named, and similar products of
other brand names, when applied to mineral soils. Higher rates are required
for muck (organic) soils. However, the GROWER has the final responsibility to
see that each product is used legally; READ THE LABEL of the product to be
sure that you are using it properly.)

Broadcast (overall) Row Application (single
application chisel/row)
Fl 02/1000 Fl o0z/1000
Gallons/ ft/chisel Gal/acre ft/chisel,
Nematicide acre spaced 12" 36" rowx* any spacing
Telone II** 12-15 35-44 5.3~6.7 46-62

- - e - om - - -—— e - - o > D T - - —— Y . -

- - - - - - an n Y S =D . o <= -

*Gal/acre estimated for row treatments to help determine the approximate
amounts of chemical needed per acre of field. If rows are closer, more
chemical will be needed per acre; if wider, less. If using more than one
chisel/row, space chisels and apply the same flow rate of fumigant/chisel
as for broadcast application. A

**The manufacturer of Telone II and Telone C-17 has suspended their sale and
distribution in all of Florida south of and including Dixie, Gilchrist,
Marion, Volusia, and Flagler counties. A result of this action is that
there is no fumigant nematicide, except multi-purpecse fumigants, which are
available for use on this crop in much of Florida. Information about use
of Telone II is provided to guide final use of existing supplies.
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(These products are not as consistently
as the fumigants, but are registered as
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TOMATOES AND PEPPERS IN FLORIDA.
effective against root-knot nematodes
indicated.)

Row Rates

Broadcast or Overall Rates

Per Acre, Per 1000 ft

« 36 Inch of Row, Any

Product . Per Acre Per 1000 sq ft Row Spacing Row Spacing

Dasanit 15G* 66.7-134 1b 1.5~3.0 1b 22-43 1b 1.5-3.0 1lb
Furadan 15G#** —— -—— 13.3-20 1b 14-22 oz

Vydate L - Tomatoes and peppers: treat soil before or at planting with any
other appropriate nematicide or a Vydate transplant water drench followed
by Vydate foliar sprays at 7-14 day intervals through the season; do not
apply within 7 days of harvest; refer to directions in appropriate "state
labels,"™ which must be in the hand of the user when applying pesticides
under state registrations.

- - - D . - — — —  —————

*Tomatoes only: early season suppression of nematodes.

**Peppers only: one preplant application of Furadan granules in a 12
14 inch band per growing season, incorporated in top 3" of soil for sting
nematodes only.

IMPORTANT WARNING! Carbofuran is a chemical which can travel (seep or leach)
through soil and can contaminate ground water as a result of agricultural use.
Carbofuran has been found in ground water as a result of agricultural use.
Users are advised not to apply carbofuran where the water table (ground water)
is close to the surface and where the scils are very permeable i.e.,
well-drained soils such as loamy sands. Your local agricultural agencies can
provide further information on the type of soil in your area and the location
of ground water. 1In addition, some product label statements include as a
further qualification of risky soils, soils containing sinkholes over
limestone bedrock, severely fractured surfaces, and substrates which would
allow direct introduction into an aquifer. A more complete discussion of this
risk of groundwater contamination appears at the beginning of this Guide,
immediately following the Table of Contents.
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Dr. Freddie Johnson, Extension Entomologist

INSECT CONTROL IN TOMATOES

Ants .

‘ i Min. Days to
Insecticide - Formulation Rate/Acre Harvest ,
allethrin (Pyrellin SCS) 1% liquid 1 -11/2 pt see label

(EC)
carbaryl (Sevin) S B
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allethrin (Pyrellin SCS)
aliphatic petroleum

(JMS Stylet 0il)
azinphosmethyl (Guthion)

demeton (Systox)

diazinon

dimethoate (CYéon, Defend)

disulfoton (Di-Syston)

endosulfan (Thiodan)
(green peach aphid)

esfenvalerate .(Asana)
(potato aphid)

fenvalerate (Pydrin)
(potato aphid)

lindane (Isotox-lindane)
(fresh market)

" malathion

methamidophos (Monitor)

methomyl (Lannate, Nudrin)

mevinphos (Phosdrin)

methyl parathion

parathion

phosphamidon

pyrethrins + piperonyl

butoxide (Pyrenone)
(green peach aphid)

D D 2t D D WD D S D — - — S — D S - Y — G — D W S — — P — — > —— D D D ——— — ——— —— — - —— —$ ——
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97.6% EC

28, 2L (EQ)
2 EC

4 EC
4 EC
8 EC

3 EC
0.66 EC
2.4 EC
25 WP
EC

EC
.8 L

s R s oW

EC
4 EC
4 EC
8 EC

66% liquid
(EC)

1-11/2 pt

v

see label

2 - 3 pt

1-11/2 pt
per 100 gal

1/2 pt
1/2 - 1 pt

IX AA-2

———— - > — —— —— ot —

Min. Days to
Harvest

see label

see label

1.2 - 3.5 f1 oz per 30

1000 £t row
2/3 qt

4.8 - 9.6 f1 oz

$1/3 - 10 2/3 oz

1/2 - 1 1b

1 pt per 100 gal

11/2 - 2 pt
2 - 4 pt

(d

~

N
]

1/2 pt
1 -3 pt
1 -2 pt

Do not apply
after fruits

start to form.

1
7
1
1
18

10

10
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Armyworms
See also: Beet, Fall, Southern, and Yellow-Striped Armyworm
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Min. Days to

Insecticide - Formulation Rate/Acre Harvest
allethrin (Pyrellin ScCS) 1% liquid 'l -11/2 pt see label
(EC)
Bacillus thuringiensis ' See label for rates and instructions
(Javelin)
carbaryl (Sevin) ‘ 5 B 20 - 40 1b 0
diazinon 4 EC 3/4 - 1 pt A 6
esfenvalerate (Asana) 0.66 EC 4.8 - 9.6 fl oz 1
(sugarbeet, Western
yellow-striped)
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz 1

(Southern, Sugarbeet,
Western Yellow-Striped)

methomyl (Lannate, Nudrin) 1.8 L 1l -2 pt 1
methyl parathion 4 EC l1 -3 pt : 15
parathion 4 EC 1-~2pt . 10

(up to 3rd instar)

trichlorfon S B 20 1lb 28
(Dylox, Proxol)

- - =S R D D S e D D S WD A R e D T e D P e =D D S D G D G D D G S e P e e D T s D A D S e D T D T S e A e D D D D S S - — G

Fall Armyworms
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Min. Days to

Insecticide Formulation Rate/Acre Harvest
carbaryl (Sevin)  80s (W) 112 -2 12 16 o
diazinon 4 EC 3/4 - 1 pt 1
methomyl (Lannate, Nudrin) ° 1.8 L 2 pt o1
methoxychlor 2 EC 2 - 6 gt 1 for 3 1/2 gt

7 for 3 1/2+ o

- e D - . I . D D - I e I S — - S - Y — D P i D G D T S D S S G D = = G D = — i T — D S = G P i S - = W A e - M
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Southern Armyworms
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Min. Days to

Insecticide Formulation Rate/Acre Harvest
aiazinon T 4R T aa -1 1
esfenvalerate (Asana) 0.66 EC ;.8 - 9.6 f1 oz 1
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz 1
methomyl (Lannate) 1.8 L 2 - 4 pt 1
permethrin* (Ambush) 2 EC 3.2 - 12.8 oz up to day of
(Pounce) 3.2 EC 2 - 8 oz harvest

- . " D D D SIS D e e e G D YR D D D S D S S D G R S - S o S S D D D G D P W WP S G D D G S D D W A U M e A - A P S A M S e A — — . - -

* Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do not use on cherry tomatoces or any variety used to produce
fruit less than 1" (one inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 lbs. active ingredient per acre per season which is equivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.

Beet Armyworms

-y wn an an - - D D - — . =D TP A D D D D i — S S S I S G D D D I T D T D D T S M e —— - M D D WD D wm A e D -

Min. Days to

Insecticide Formulation Rate/Acre Harvest
fenvalerate (Pydrin) 2.4 EC 51/3 - 10 2/3 oz 1
(Sugarbeet armyworm)
methomyl (Lannate, Nudrin) 1.8 L 2 - 4 pt 1
permethrin* (Ambush) 2 EC 3.2 - 12.8 oz up to day of
(Pounce) 3.2 EC 2 - 8 oz harvest

* Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do not use on cherry tomatoes or any variety used to produce
fruit less than 1" (cne inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 lbs. active ingredient per acre per season which is equivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.
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Yellow-Striped Armyworms

Min. Days to
Insecticide Formulation Rate/Acre Harvest
azinphosmethyl (Guthion) 2L, 2S (EQC) «3 - 6 pt 14
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz ' 1

(Western Yellow Striped)
Banded Cucumber Beetles

Min. Days to
Insecticide Formulation Rate/Acre Harvest
azinphosmethyl (Guthion) 28, 2L (EC) l11/2 - 2 pt 0
diazinon 4 EC 3/4 - 1 pt 1

_ Beetles
See also: Banded Cucumber, Blister, Colorado Potato, Darkling Ground,
Flea, and Potato Flea Beetle
L. . Min. Days tgq

Insecticide Formulation = Rate/Acre Harvest
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Blister Beetles
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Min. Days to

Insecticide Formulation Rate/Acre Harvest
iryolite (Kryocide) 96 WP 5 - 30 1b vash fruit
endosulfan (Thiodan) " 3 EC 2/3 gt 1
methoxychlor 2 EC 2 - 6 gt 1 for 3 1/2 gt

7 for 3 1/2+ gt

parathion 4 EC . 1 -2pt 10

— — i ———— - D = — - D A TP S e — - M5 S N e S S - — — S S A0 D = T G AD VD s S A T WD D S G S M Ga W Cm A M M = - 0 v = -
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‘ Min. Days to
Insecticide Formulation Rate/Acre Harvest
Bacillus thuringiensis ) See individual labels. 0
(Bactur, Bactospeine, Dipel,
Sok, Stan-Guard, Thuricide)

cryolite (Kryocide) 96 WP 15 - 30 1b wash fruit
endosulfan (Thiodan) | 3 EC 1l gt 1
esfenvalerate (Asana) 0.66 EC 4.8 - 9.6 fl oz 1
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz 1
methomyl (Lannate; Nudrin) 1.8 L 2 - 4 pt 1
methyl parathion 4 EC 2 - 3 pt 15
permethrin* '(Ambush) 2 EC 3.2 - 12.8 oz up to day of
(Pounce) 3.2 EC 2 - 8 oz harvest

s - 5 D — A ST D e e — e - M G G WD O D D D P S e ——— ——— Y —— — ——————— ———— " = — — ) " ) - 3 — i) D M —— —

* Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do not use on cherry tomatoes or any variety used to produce
fruit less than 1" (one inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 1lbs. active ingredient per acre per season which is equivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.
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Colorado Potato Beetles
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Min. Days to

Insecticide . Formulation Rate/Acre Harvest
azinphosmethyl (Guthion) 2§, 2L (BC) . 1 1/2 pt o
carbaryl (Sevin) 80S (WP) 2/3 - 1 1/4 1b 0
disulfoton (Di-~Syston) 8 EC 1.2 - 3.5 £l oz per 30

1000 ft row (any row
spacing) or 1 - 3 pt
per acre (38" row spacing)

endosulfan (Thiodan) 3 EC 2/3 gt . 1
esfenvalerate (Asana) 0.66 EC 4.8 - 9.6 £l oz 1
fenvalerate (Pydrin) 2.4 EC 51/3 - 10 2/3 oz 1
methoxychlor 2 EC . 2 - 6 gt 1 for 3 1/2 gt
7 for 3 1/2+ gt
parathion 4 EC 1 -2 pt 10
Penncap-M 2 EC 4 pt 15
permethrin* (Ambush) 2 EC 3.2 - 12.8 oz . up to day of
(Pounce) : 3.2 EC . 2 - 8 oz harvest
phosphamidon - 8 EC 1/2 pt 10
pyrethrins + piperonyl 66% liquid 2 - 6 oz per 0
butoxide (Pyrenone) (EC) 100 gal
rotenone (Rotenéx) 5% liquid 2/3 gal 0

- o — - ——— —— — — - ——————— — - — D A S T D T WD CED > > ————— P =P W WD S T T T T S S S A S S S D G . e T O

* Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do noct use on cherry tomatoes or any variety used to produce
fruit less than 1" (one inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 lbs. active ingredient per acre per season which is equivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.
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Corn Earworms

| . Min. Days to
Insecticide - Formulation Rate/Acre Harvest
azinphosmethyl (Guthion) 28, 2L (EC) 3 -6 pt 14
Crickets
. ) Min. Days to
Insecticide Formulation Rate/Acre Harvest
carbaryl (Sevin 5 B ‘ 20 - 40 1b 0
trichlorfon (Dylox, Proxol) 5B 20 1b ’ 28
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Cutworms

Insecticide Formulation Rate/Acre
allethrin (Pyrellin scs) 1% (ééc);uid 1-11/2pt
carbaryl (Sevin) 80S (WP) 2 1/2 1b
carbaryl (Sevin) 5 B 20 - 40 1b
diazinon 14 G 14 - 28 1b
diazinon 4 EC 2 - 4 gt
esfenvalerate (Asana) 0.66 EC 4.8 =~ 9.6 fl oz
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz
methomyl (Lannate) 1.8 L 2 pt

(varigated cutworm)
permethrin* (Ambush) 2 EC 3.2 ~ 12.8 oz

(Pounce) 3.2 EC 2 - 8 oz

(granulate cutworm)

trichlorfon (Dylox, Proxol) S B 20 1lb.

(surface-feeding cutworms)

- - =

IX AA-S

- e " — — - - > —— A - - -

Min. Days to
Harvest

- . - D O - - oD

see label

0

o
preplant
preplant

1

1

1

up to day of
harvest

* Permethrin (Ambush, Pounce) only for Florida use where final market is for

fresh tomatoes.

fruit less than 1" (one inch) in diameter.

or ground.

Do not use on cherry tomatoes or any variety used to produce

Permethrin can be applied by air

Use sufficient water to obtain uniform coverage.

Do not apply

more than 1.2 lbs. active ingredient per acre per season which is equivalent

to 76.8 ozs.

of Ambush 2 EC or 48 ozs.

of Pounce 3.2 EC.
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Darkling Beetles

. Min. Days to
Insecticide Formulation Rate/Acre Harvest
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Min. Days to

Insecticide Formulation Rate/Acre Harvest
azinphosmethyl (Guthion) 2§, 2L (EC) 11sz - 2pt o
diazinon 4 EC 1/2 -1 1/2 pt 1
malathion 5 EC 2 1/2 pt 1

naled (Dibrom) 8 EC 1 pt 1

-—— D D T - D D — ——— — D D W Y T = — - . D G5 G D D TR ST D @ T e e - D D D WD TP D — T ———— —— —— D -~ —

) . Min. Days to
Insecticide Formulation Rate/Acre Harvest
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azinphosmethyl (Guthion) 25, 2L (EC) 2 -3 pt 0
carbaryl (Sevin) 80S (WP) 11/2 -2 1/2 1b 0
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Flea Beetles
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Min. Days to

Insecticide Formulation Rate/Acre Harvest

azinphosmethyl (Guthion) 2s, 2L (EC) » 2 - 3pt o

carbaryl (Sevin) 808 (WP) 2/3 - 11/4 1b 0

carbophenothion (Trithion) 8 EC 1/2 - 1 pt 7
(potato flea beetle)

cryolite (Kryocide) 96 WP 15 - 30 1lb wash fruit

disulfoton (Di-Syston) 8 EC 1.2 - 3.5 £f1. oz 30

per 1000 ft row

(any row spacing)

or 1 - 3 pt per

acre (38" row spacing)

endosulfan (Thiodan) 3 EC 2/3 gt 1
esfenvalerate (Asana) 0.66 EC 4.8 - 9.6 fl oz 1
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz 1
methyl parathion 4 EC 1 -3pt 10 for 1 pt
‘ 15 for 1+ pt
methoxychlor 2 EC 2 -6 gt 1 for 3 1/2 ¢
7 for 3 1/2+ ¢
naled (Dibrom) 8 EC 1 pt 1
parathion 4 EC 1 -2 pt 10
Penncap-M 2 EC 2 - 4 pt 15
phosphamidon 8 EC 1/2 pt 10
pyrethrins + piperonyl : 66% liquid 2 - 6 oz per 0

butoxide (Pyrenone) (EC) 100 gal



January 1989

Insecticide

- - -—— - - e s e

fonofos (Dyfonate)

diazinon (D.z.n.)
(D.2.n. 500)

- -

Insecticide

azinphosmethyl (Guthion)
carbaryl (Sevin)
esfenvalerate (Asana)
fenvalerate (Pydrin)
mevinphos (Phosdtin)'

parathion
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Garden Symphylans

IX AA-12

Min. Days to

Formulation Rate/Acre Harvest

" loa TR preplant,
broadcast
14 G 70 1b preplant
4 EC 10 gt broadcast
Grasshoppers

Formulation Rate/Acre Mlnﬁagsg:tto
----;S, ;L (EC) 2 - 3 pt -------~-—-—--5 --------

5 B 20 - 40 1b 0

0.66 EC 4.8 - 9.6 f1 oz 1l

2.4 EC -5 1/3 - 10 2/3 oz. 1

4 EC 1/2 - 1 pt 1

4 EC 1 -2 pt 10
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January 1989 IX AA-13

. Hornworms (tomato hornworm)

Min. Days to

Insecticide Formulation Rate/Acre Harvest
azinphosmethyl (Guthion) 28, 2L (EC) «3 - 6 pt 14

Bacillus thuringiensis ‘ See individual labels. 0
(Bactospeine, Bactur, Dipel, ,
Sok, Stan-Guard, Thuricide)

carbaryl (Sevin) 80S (WP) 11/2 -2 1/2 1b 0
cryolite (Kryocide) 96 WP ' 15 - 30 1b wash fruit
esfenvalerate (Asana) ’ 0.66 EC 2.4 - 4.8 fl oz 1

(tomato hornworm,
tobacco hornworm)

fenvalerate (Pydrin) 2.4 EC 2 2/3 -5 1/3 oz 1

methomyl (Lannate) 1.8 L 2 - 4 pt 1

naled (Dibrom) 8 EC 1 pt 1

Penncap-M 2 EC 4 pt | 15

permethrin* (Ambush) 2 EC | 3.2 - 12.8 oz up to déy of
(Pounce) 3.2 EC 2 - 8 oz . harvest

trichlorfon (Dylox, Proxol) 80 SP 20 oz 21

- e Ty Y - - - . D - —— > ———— - - T ax e

* Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do not use on cherry tomatoes or any variety used to produce
fruit less than 1" (one inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 lbs. active ingredient per acre per season which is egquivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.

Lace Bugs

- e - - R - - -an - e e - - - s = T D - . - D - W T - —

) : . Min. Days to
Insecticide Formulation Rate/Acre Harvest
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January 1989 IX AA-14
i Leafhoppers
T Min. Days to
Insecticide Formulation Rate/Acre Harvest
allethrin (Pyrellin ScCS) 1% liquid (EC) 1 - 1 1/2 pt see label
azinphosmethyl (Guthion) 258, 2L (EQ) 2 - 3 pt 0
carbaryl (Sevin) 80S (WP) 2/3 - 1 1/4 1b 0
carbophenothion (Trithion) 8 EC 1/2 - 1 pt 7
(potato leafhopper)
dimethoate (Cygon, Defend) 4 EC 1/2 - 1 pt 7
disulfoton (Di~-Syston) 8 EC 1.2 - 3.5 fl1 oz 30
: per 1000 ft row:
(any row spacing)
or 1 - 3 pt per acre
(38" row spacing)
methoxychlorxr 2 EC. 2 -6 gt 1 for 3 1/2 gt
7 for 3 1/2+ gt
methyl parathion 4 EC 1 -2 pt 15
mevinphos (Phosdrin) ' 4 EC 1/2 - 1 pt 1
Leafminers
. ‘ . Min. Days to
Insecticide Formulation Rate/Acre Harvest
allethrin (Pyrellin SCS) 1% liquid 1 -11/2 pt see label
(EC) .
azinphosmethyl (Guthion) 2S, 2L (EQ) l11/2 - 2 pt 0
carbophenothion (Trithion) 8 EC 1/2 - 1 pt 7
diazinon 4 EC 1/2 pt 1

{cont'd)
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January 1989 IX AA-15

Leafminers - cont'd
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Min. Days to

Insecticide Formulation Rate/Acre Harvest
aiazinon T 50 WP-_ -1;2 1;--_---___------—-1 ~~~~~
dimethoate (Cygon, Defend) 4 EC 3/2 - 1 pt ' 7

. disulfoton (Di-Syston) 8 EC 1.2 - 3.5 £l oz 30

per 1000 ft row

(any row spacing)

or 1 - 3 pt per acre
(38" row spacing)

fenvalerate (Pydrin) 2.4 EC 10 2/3 oz 1
lindane (Isotox-lindane) 25 WP 3/4 - 1 1/2 1b Do not apply

after fruit
starts to form

methamidophos (Monitor) adults 4 EC 11/2 - 2 pt 7
naled (Dibrom) 8 EC 1 pt 1l
oxamyl (Vydate L) 2 EC 2 - 4 pt per 100 gal 1
parathion 4 EC 1 -2 pt . 10
Penncap-M 2 EC 2 - 4 pt 15
permethrin* (Ambush) 2 EC 3.2 - 12.8 oz up to day of
{Pounce) 3.2 EC 2 - 8 oz harvest
phosphamidon 8 EC 1/2 pt 10
trichlorfon (Dylox, Proxol) 80 SP . ‘ 20 oz 21
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* Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do not use on cherry tomatoes or any variety used to produce
fruit less than 1" (one inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 lbs. active ingredient per acre per season which is equivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.
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January 1989 IX AA-16
Loopers
See also: Cabbage Looper
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Min. Days to

Insecticide Formulation Rate/Acre Harvest
allethrin (Pyrellin ScCS) 1% liquid 1-11/2 pt see label
(EC) ,
Bacillus thuringiensis See label for rates and instructions
(Javelin)
methomyl (Lannate, Nudrin): 1.8 L 2 - 4 pt 1
Mites
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o . . Min. Days to
Insecticide Formulation Rate/Acre Harvest

MITES (GENERAL): |
allethrin (Pyrellin scs) 1% liquid (EC) 1 - 1 1/2 pt see label
carbophenothion (Trithion) 4 EC 1 -2 pt 7

(russet, tropical and
two-spotted mites)

demeton (Systox) 2 EC 1-11/2 pt per - 3
7 100 gal

dicofol (Kelthane) 1.6 EC 1 -2qgt 2

disulfoton (Di-Syston) 8 EC 1.2 - 3.5 £l oz 30

per 1000 ft row (any
row spacing) or
1.3 pt (38" row spacing)

methyl parathion 4 EC 1 -2 pt 15
mevinphos (Phosdrin) 4 EC 1/2 - 1 pt 1
naled (Dibrom) 8 EC 1 pt .1

(cont'd)
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Mites - cont'd
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Min. Days to

Insecticide Formulation Rate/Acre Harvest
TOMATO RUSSET MITE: :

malathion 25 WP 2 -4 1b 1

methyl parathion 4 EC l1 -3 pt 15

parathion 4 EC l1-2pt 10

sulfur (Kolospray) 81% Wp 7 1b _ 0

sulfur (Magneticide) 6 F 1/2 - 1 gal 0
SPIDER MITE:

malathion 5 EC 1 1/2 pt per 100 gal 1

Mole Crickets
. Min.  Days to

Insecticide Formulation Rate/Acre Harvest
diazinon 14 G 7 1b preplant
diazinon 4 EC 1 gt preplant,

broadcast
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January 1989 IX AA-18

Pinworms (tomato pinworm)
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Min. Days to

Insecticide : Formulation Rate/Acre Harvest
allethrin (Pyrellin SCS) ‘"ZE(%g);uid 1-11/2pt  see label
azinphosmethyl (Guthion) 2S, 2L (EQ) 3 - 6 pt 14
carbaryl (Sevin) 80S (WP) 11/2 - 21/2 1b 0
cryolite (Rryocide) 96 WP 15 - 30 1b .wash fruit
esfenvalerate (Asana) 0.66 EC 4.8 - 9.6 £f1 oz 1
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz 1
methamidophos (Monitor) 4 EC 11/2 - 2 pt ~ 7
(fresh fruit only)
methomyl (Lannate, Nudrin) 1.8 L 2 - 4 pt 1
Penncap-M 2 EC 4 pt 15
permethrin* (Ambush) 2 EC 3.2 - 12.8 oz up to day of
> (Pounce) . 3.2 EC . - 2 - 8 oz harvest

-y - - - - - - e - D e e T D D S D S D A D SR A D T M e O WD D W b .

*# Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do not use on cherry tomatoes or any variety used to produce
fruit less than 1" (one inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 lbs. active ingredient per acre per season which is equivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.

Plant Bugs
Min. Days to
Insecticide Formulation Rate/Acre Harvest
allethrln (Pyrellln SCS) 1% liquid 1 -11/2 pt see label
(EC)
carbaryl (Sevin) 808 (WP) 112 -2 1/2 1b 0
methyl parathion | 4 EC 2 pt 15

parathion 4 EC . 1 -2 pt 10
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January 1989 IX\AA-lQ
Potato Flea Beetles

_ ) ‘ Min. Days to
Insecticide Formulation Rate/Acre Harvest
carbophenothion (Trithion) 8 EC 1/2 - 1 p ' 7
----------------------------------------------- '----—-—-—----—-——-—————-—-—-— B —

Potato Psyllids

, Min. Days to
Insecticide Formulation Rate/Acre Harvest
carbophenothion (Trithion) 4 EC 1 - 2‘pt 7
methyl parathioh 4 EC l -3 pt . 15
parathion 4 EC 1 -2 pt 10
Saltmarsh Caterpillars
o Min. Days to
Insecticide Formulation Rate/Acre Harvest
trichlorfon (Dylox, Proxol) 5 B 20 1lb 28
Sowbugs
. , Min. Days to
Insecticide Formulation Rate/Acre Harvest
carbaryl (Sevin) ' S B 20 - 40 1b 0




azinphosmethyl (Guthion)
(green stinkbugs)

' carbaryl (Sevin)
- parathion
phosphamidon

yrethrins + piperonyl
butoxide (Pyrenone)

lindane (Isotox-lindane)

-133-

IX AA-20

Stinkbugs
%6 Min. Days to
Formulation Rate/Acre Harvest
28, 2L (EC) l11/2 - 2 pt 0
80S (WP) 112 -2 1/2 1b 0
4 EC 1 - 2 pt 10
8 EC 1/2 pt 10
66% liquid 2 -6 oz 0
(EC) per 100 gal
Thrips
Min. Days to
Formulation Rate/Acre Harvest
2S, 2L (EC) 2 - 3 pt 0
25 WP 1/2 - 1 1b Do not apply
after fruit
starts to form
4 EC 1 -2qgt 10

parathion

- T S A D T = R D D T S D D D S T A = A D D I e G D S e e S GED D P S S W M D AUS v el MM D A D GES GES S W D IS A S S S e D D CN M e S D G A A = = s



-134-

January 1989 IX AA-21

Tomato Fruitworms (corn earworm)

Min. Days to

Insecticide Formulation Rate/Acre : Harvest
azinphosmethyl (Guthion) 2§, 2L (EC) 3 - 6 pt 14
carbaryl (Sevin) 80S (WP) 11/2 -2 1/2 1b 0
cryolite (Krocide) 96 WP : 15 - 30 1b wash fruit
esfenvalerate (Asana) 0.66 EC 4.8 - 9.6 fl1 oz 1
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz 1
methamidophos (Monitor) 4 EC 11/2 - 2 pt 7
methbmyl (Lannate, Nudrin) 1.8 L 2 - 4 pt 1
naled (Dibrom) 8 EC 1 pt 1
Penncap-M 2 EC 4 pt 15
permethrin* (Ambush) 2 EC 3.2 - 12.8 oz up to day of
(Pounce) 3.2 EC 2 - 8 oz harvest
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* Permethrin (Ambush, Pounce) only for Florida use where final market is for
fresh tomatoes. Do not use on cherry tomatoes or any variety used to produce
fruit less than 1" (one inch) in diameter. Permethrin can be applied by air
or ground. Use sufficient water to obtain uniform coverage. Do not apply
more than 1.2 lbs. active ingredient per acre per season which is equivalent
to 76.8 ozs. of Ambush 2 EC or 48 ozs. of Pounce 3.2 EC.

Tuberworms

Insecticide Formulation Rate/Acre Harvest

- T T D G e = i e S TS T G D i R - e - - - - o= D D R G iy G T D D D - — I D e T S D A W D A D — -

D D D — — . D S S A = = — — —— P G = i W G AP S S A D v D S G S — D b S —— S W G G G S D . D G > S S > G — D A - — — - D G - ———



-135~

January 1989 IX AA-22
Weevils
Fee . Min. Days to
Insecticide Formulation Rate/Acre Harvest
gllethrin (Pyrellin SCS) 1%(li?uid L1 -=-11/2 pt see label
EC
Whiteflies
. . ' Min. Days to
Insecticide Formulation Rate/Acre Harvest
azinphosmethyl (Guthion) 2S, 2L (EC) 11/2 - 2 pt 0
esfenvalerate (Asana) 0.66 EC 4.8 - 9.6 £l oz 1
fenvalerate (Pydrin) 2.4 EC 5 1/3 - 10 2/3 oz 1
parathion 4 EC 1 -2 pt 10
phosphamidon 8 EC 1/2 pt 10



January 1989

-136-

Insecticide

-o = - o o

diazinon
diazinon

diazinon
diazinon

parathion

parathion

Wireworms
Formulation Rate/Acre
14 G . 21 - 28 1b
2 B 50 1b
14 G 21 - 28 1lb
4 EC 3 -4qgt
10 G 30 - 40 1b
4 EC 5 qt

IX AA-23

i = —— - . - -

Min. Days to
Harvest

preplant
none listed

preplant,
broadcast

preplant,
broadcast

preplant,

broadcast &
disc 3 wks
preplanting

apply to
soil surface
preplanting &
work 6=-9'" int
soil
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