produced 10% more fruit than untreated
trees. Treatmentfor citrus red mite resulted
in a 9% increase in yield. In no case were
statistically significant increases observed
for every year, though the trends remained
the same for all years.
All of the above treatmentsarebeneficial,
and they appear to be additive: with the
right combinations,they can increaseyields
substantially. Alternatively, a farmer who
makes a single mistake is not likely to see a
big reductionin yield. Furthermore,farmers
who are forced to water-stresstheir treescan
makeup forthatin theshorttermbytreating
with fungicides, nematicides, or nitrogen.
Increased size in packout was noted in
the fungicide-nematicide treatments, the
120% evapotranspiration treatments, and
the gibberellin treatment. What's more, the
packout results also appear to be additive.
The size and packout increase dramatically
when all three treatments are used. Mite
sprays appear to reduce size and packout,
probably because they reduce fruit drop.
Interactions observed in the experiment Tomato fruitworm (Heliotbis zea) larvae attack the fruit of tomatoes and several other California
include: (1) nitrogen sprays appear to in- crops, and can render them unmarketable.
crease thrips scarring on fruit; (2) nitrogen
sprays appear to reduce mite populations;
(3) nitrogen sprays appear to reduce
Phytophthora populations; and (4) fungicide- IPM
nematicidetreatmentsand inigationat 120%
evapotranspirationcan reduce crease, a rind
disorder. Crease is thought to be caused by
a deficiency of potassium. Fungicidenematicidetreatmentsresultedinmoreroots,
while trees receiving 120%of evapotranspiFrank G. Zalom D Craig V. Weakley P Michael P. Hoffmann
ration demand resulted in a larger wetted
1. T. Wilson a James 1. Grieshop D Gene Miyao
area for potassium uptake.
These are only a sample of the results for
the McKellar project. The key to the project
sheets to catch the larvae. Pesticide treatis not to obtain the highest yield, but to Research on egg distribution and
ment was considered necessary when the
maximizenetincomeforthe grower. During treatment levels for the tomato
damaged fruit in random fruit counts exthe project's final year, Agricultural Economist Eta Takele will try to estimate which fruitworm led to a set of monitoring ceeded 0.25%.
A series of studies was begun in 1981 to
treatments will be most efficient and lucra- guidelines, which were demondevelop aneasy-to-usemonitoringprogram
tive for growers.
strated in parts of the Sacramento
with research-baseddamagethresholds.The
Valley. Evaluation of this program
&year process, which involved multiple acdocumentsgrower adoption and
tors, illustrates a valuable model for develJ. Menge is Professor and Plant Pathologist, J.
opment,adoption,education,and evaluation
Morse is Associate Professor and Associate En- an impact on insecticide use.
to ensure the use of important agricultural
tomologist, D. Hare is Assistant Professor and
Assistant Entomologist, C . Coggins is Professor Thetomatofruitworm,Heliothiszea(Boddie), innovations.
and Plant Physiologist, J. Meyer is Extension is among a group of Lepidoptera insects Initial research
Irrigation and Soils Specialist, T. Embleton is associated with processing tomato producProfessorand Horticulturist (Emeritus), S . Van tion in California. Heliothis zea is the most In 1981,36 small research plots were estabGundy is Dean of the College of Natural and destructive insect pest in the Sacramento lished in each of three growers' fields to
Agricultural Sciences,A. Dodds is Professorand Valley. Historically,it has been the target of compare four potential sampling methods.
Plant Pathologist, M . L. A p i a is Extension most of the insecticidesapplied to the crop. Two plants per plot were removed each
Subtropical Horticulturist, E . Takele is Exten- Growers who took no action to control the week, and the number and location of all
sion Area Farm Management Specialist, C. pest when it was present in large numbers fruit, damaged fruit, fruitworm eggs, and
A d a m is Principal Statistician ~Cmperatiw risked exceeding state standards for dam- larvae were recorded. This study revealed
Extension), A. Strawn is Program Analysl age, or more strict standards i m p s 4 by large differences in the average times re(Entomology), and E . Pond is Staff Research processors. Before this study, some Pest quired to perform each method and in their
Associate (Plant Pathology),allat UCRiverside, Control Advisers (PCAs) attempted to relative efficiencies. For example, picking
and J. Pehrson is Citrus Specialist and D. Atkin quantify their field monitoring by using 500 fruit from consecutive plants in a row
is Staff Research Associate, both at Lindcm damage.estimatesfrom randomly collected and recordingthe number of fruit damaged
fruit.Lesscommonly,theyshookplantsover took a worker 80 minutes.Shaking20 plants
Field Station, Exeter.
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Monitoring tomato fruitworm
eggs in processing tomatoes

onto sheets placed under each plant and
counting the dislodged larvae took 80 minutes. Selecting 100 fruit at random and recording the number of damaged fruit took
15 minutes. Picking 30 leaves and counting
tomato fruitworm eggs took 8 minutes.
One limitation of the fruit sampling
methods is that damage occurs before a
treatment decision can be made. Through
egg sampling, you can predict damage before the larvae feed upon the fruit. Egg distribution data obtainedin 1981revealed that
tomato fruitworm eggs, as well as those of
beet armyworm (Spodoptera exigua), cabbage looper (Trichoplusiu nil and hornworms (Manduca spp.), were most frequently laid on leaves that are near flower
clusters.
Further egg sampling was conducted in
five commercialfields in 1983.Once a week
in each field, the leaf below each flower
cluster on 12 to 18 plants was selected and
the spatial locations of leaves with Lepidoptera eggs were recorded. Eggs of each
species were summed over the season by
vertical leaf location on the plant, and the
percentage of total eggs was determined for
each leaf location.Means were separatedby
Duncan’smultiplerangetestfollowing arcsin
transformation.
Results indicated that tomato fruitworm
eggs were most frequentlyfound on the leaf
below the highest or second highest flower
cluster on the plant (table 1).A monitoring
plan based upon this knowledge requires
fewer samples, since it increases the likelihood of finding eggs. Cabbage looper eggs
are similar in color and size to those of
tomato fruitworm, but have a somewhat
different spatial distribution, with proportionally fewer eggs located on leaves below
the higher flower clusters.
Damage potential was estimatedby artificially infesting tomato plants every week,
beginning after first bloom. In 1982 and
1983,infestationtreatmentsconsistedofthree
levels of first-instar larvae (one, three, and
seven per plant) or third-instar larvae (one,
three, and five per plant), respectively. A
fourth, uninfested treatment served as a
control for damagecausedby native tomato
fruitworms.
Each treatment was replicated six times
in 1982 and eight times in 1983. Plots were
0.66and 2.00 meters long and contained 12
and 20 plants in 1982and 1983,respectively.
All plots were separated by 0.66- to 1.00meter buffer zones. Plots representing each
infestation level were established in a completely randomized block design. Plots infested on differentweeks were randomized
across field rows.
At weekly intervals for 4 weeks after
infestation in 1982and 2 weeks after infestation in 1983, half of the replicates of each
infestationlevelwere thoroughlyexamined,
and the numbers of larvae and damaged
fruit were recorded by age class to provide

an indication of the amount of damage observed during the season. The rest of the
replicateswere left undisturbed.At harvest,
the remainingplants were cut off at the base
and fruits were shaken onto a drop cloth.
Damage recorded at harvest from the
undisturbed plots tended to increase as the
infestationdateapproachedthe harvestdate
(fig.1).Before the initiationof pink fruit, the
observed damagelevelswere far in excess of
what was recorded in the harvest samples.
This, combined with the positive seasonal
increase in damage 5 weeks before harvest,
indicates that fruit damaged earlier in the
season would probablybe shed by the plant
and so would not be present at harvest,
whenfruitisinspected.Ultimately,treatment
thresholds were selected so that most fields
would be graded no higher than “trace”
damage (less than 0.5%)by state graders.

Implementation
By 1984, the program was ready for implementation on a pilot basis. Our 1984guidelines for tomato fruitworm egg monitoring
consisted of randomly sampling the leaf

below the highest flowercluster on 30 plants
per field or field unit (about 40 acres). Sampling was to be conducted at least once per
week, beginning when fruit were 1or more
inches in diameter. If the number of eggs
exceeded three per 30 leaves, an additional
30 leaves were sampled.Treatment was indicatedwhen four or more eggs were found
in the second 30-leaf sample.
Although research on egg sampling and
limited validation of the monitoring program were conducted on growers’ fields
from 1981 through 1983, and results preTABLE 1. Percentage of total eggs in each of five
processing tomato fields found on the leaf
below the highest, second highest,
or lowest flower clusters
Flower cluster.
Second
Species
Highest highest Lowest
Heliothiszea
28 a
29 a
16 b
Trichoplusiani
7c
6c
19 ab
Manducasexta 17ab
39d
17ab
‘Means followed by the same letter are not significantly different (P c 0.05) by Duncan’s multiple range
test after arcsin transformation.
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Fig. 1. Mean percentage damage, measured
during the 1982 season and at harvest on previously unsampled plots, resulting from weekly

infestations of seven first-instar tomato fruitworm larvae per plant.
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Fig. 2.Comparison of percentage red fruit
damaged at harvest, recorded in bulk bins
following mechanical harvest and from state
graders in 1983 and 1984.
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Fig. 3. Number of treatments per processing
tomato acre during the period 1980 through
1987 in Sutter, Yolo, and Colusa counties, and
in Solano and Sacramento counties. Data are
for six pesticides frequently used for control of
tomato fruitworm.

sented at meetings for growers, the first
intensivedemonstrationeffortwasbegunin
1984. The demonstration effort targeted
growers and their PCAs in Yolo, Sutter,and
Colusa counties.The growersor PCAs were
asked to monitor one or two fields.In return,
they received training, technical support,
and a smallstipend, principally for the extra
labor involved in recordkeeping.
Forty-seven fieldswere monitored as part
of the demonstrationproject, and pesticides
were applied as indicated if the number of
eggssampledexceeded the actionthreshold.
Of 1,714 loads delivered to canners from
these fields, 1,289 had no damage, 374 were
graded as trace damage, and 51were graded
at 0.5% damage. No loads exceeded 0.5%
damage. Comparative pesticide use on 35
fields not using the tomato fruitworm egg
monitoring program was 12% higher on
mid-season fields, and 40% higher on lateseason fields. Furthermore, damage was
somewhat higher in these fields.
An extensiveeconomic evaluationby UC
Davis Agricultural Economists John Antle
and Seong Park was conducted along with
the 1984demonstration (see California Agriculture, March-April, 1986). Results of-that
study, which compared program fields to
nonprogram fields,indicated that use of the
monitoring program sigruficantly reduced
the risk of damage and had a net positive
benefit of $7.10 per acre or more depending
on the grower‘s degree of risk aversion.
As part of the 1983validation efforts and
the 1984demonstration program, researchers assessed tomato fruitworm damage at
harvest in many of the monitored fields (8
fields in 1983 and 23 fields in 1984). Three
estimates of damage were obtained: (1)500
fruit taken from 15 consecutive plants in a
row being harvested were evaluated for tomato fruitworm damage; (2) once the mechanical harvester had finished picking the
row, 500 fruit were randomly selected from
the bulk bin and evaluated for damage; and
(3)state grade sheets were obtained for the
loads.
Figure 2 shows the relationshipbetween
fruit damage recorded by hand harvest in
the field, from the bins following mechanical harvest,and on the stateinspectiongrade
sheets. Field estimates of damage tend to
overestimate actual damage in bulk bins
and theevaluationof graders.Most damaged
fruit probably do not survive the harvesting
and transport processes intact.Additionally,
some are removed by hand sorters on the
harvester. Because our egg-treatment
guidelines are based upon estimates of
damage in the field, OUT guidelines are undoubtedly conservative.

Evaluation
Despite its positive attributes, researchers
found that the monitoringprogram was not
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always adopted. They designed a study to
investigatethe processand rate of adoption,
and possible constraints to adoption.
The study was conducted over 3 months
in 1986 in Yolo and Sutter counties and in
parts of Colusaand extremenorthernSolano
counties. Researchers interviewed representativesof84ofthelOOfarmingenterprises
that grew processing tomatoes in the area.
The interview design was pre-tested with
four growers who had participated in the
originaltomatoIPMprogram,but who lived
outside the interview area. Growers interviewed were either the owners, working
relatives of the owners, or managers of the
enterprises.
The question, ”Have you heard of Integrated Pest Management or IPM?” was answered “yes”by 70%, ”no”by 23%,and “not
sure” by 7% of the growers. Eighty-one
percentindicatedthey had heard of the ”UC
Worm SamplingMethod.”
Of the 82growerswho couldbe classified
as adopters or nonadopters (2 could not be
categorized), 26% had fully adopted the
method and 31% had adopted the program
in theorybut had modified it for their use. Of
theremaininggrowerswhohadnot adopted
the monitoring program, 31%were consideringadoption,6%had rejected theprogram,
and 6% had no intention of using IPM
methods.
The most frequent reasons given for
adopting the monitoring program were the
possibility of financial gain (63%)and the
possibilityof reducing damage (52%).Of all
background and demographic questions
related to type of enterprise, farm size,
educationallevel, and computerownership,
significant differencesbased on f tests were
found between adopters and nonadopters
only in terms of land ownership (P < 0.03),
with owners more likely to adopt than
nonowners, and a grower‘s IPM use for
other crops (P < 0.001).

Epilogue
Pesticide use reports for 1980 through 1987
(themost recent date individual countydata
were available at the time of writing) in
Colusa, Sacramento, Solano,Sutter,andYolo
counties were obtained for the seven pesticides commonly applied to control tomato
fruitworm during this period. Six of the
materials - methomyl, methamidophos,
azinphosmethyl,carbaryl, fenvalerate, and
methyl parathion - are restricted, or are
typicallyappliedby commercialapplicators.
Therefore,theirreportingshouldbe accurate.
However, the other material, Bacillus
thuringiensis, is neither restricted nor typically applied by commercial applicators.
Some of the materials are often applied
for other pests as well, a factor that would
tend to result in an overestimate of actual
use for tomato fruitworm.For example,car-

baryl is often applied for seedling pests like
fleabeetles, and methamidophosand methyl
parathion are often applied for stinkbugs.
For these materials, we assume that treatment for other pests was constant during
this period. Figure 3 indicates that the use of
these materials, as indicated by the number
of treatmentsper acre,declined sigruhcantly
during the period in Sutter,Yolo, and Colusa
counties, where the extensive implementation program was conducted, whereas little
changewas observed in neighboringSolano
and Sacramentocounties,where implementation was not actively pursued.
An additional benefit of egg sampling
has been the observation that several naturally occurring Trichogramma wasp species,
which are egg parasites of the tomato fruitworm, are very importantin thesacramento
Valley. Eggs parasitizedby these tiny wasps
turn black and can easily be identified.
Parasitism by Trichogamma spp. reached
80% or more in mid-August and September
(see California Agriculture, January-February, 1990). Demonstration efforts are now
being conducted to incorporate the occurrence of these parasites into treatment guide
lines. This could result in furtherreductions in
pesticide use for tomato fmitworm.
Development and diffusion of the eggmonitoring program represents the combined efforts of both campus- and countyJames J. Stapleton u William W. Barnett 4 James J. Marois
based research and extension staff, and
W.Douglas Gubler
included both agricultural and social scientists. We believe that this approach provides
a model for the process of development,
adaptation,evaluation,andeducation,which Leaf removal can effectively manwine grape acreage is located inland, in the
is essential in bringing any agricultural in- age Botrytis bunch rot and the
San Joaquin Valley. This latter production
area is characterized by relatively hot and
novation into use. This is especially true of “summerbunch rot complex” of
dry climatic conditions during much of the
this IPM strategy, which substituted inforgrowing season. A complex of diseases inmation for a routine agronomic practice, wine grapes in the San Joaquin
Valley and coastal growing areas.
preventative pesticide treatment.
cluding sour bunch rot, Aspergdus bunch
rot,Botrytisbunchrot,and powderymildew,
The practice may help manage
Frank G. Zalom is Extension Entomologist and such insect pests as leafhoppers.
and arthropod pests such as omnivorous
leafroller are responsible for causing bunch
Director, Statewide IPM Project, UC Davis; Producers have sdopted leaf rerots, resulting in yield and quality losses in
Craig V. Weakleywas Area IPM Advisor, Cooperative Extension, Sutter-Yuba counties, and is moval as a routine cultural pracValley growing areas.
Director of IPM, Sun Tomo Group; Michael P. tice, especially where high-value,
Before promoting leaf removal as a standard IPM practice, we needed to test its
Hoffmann was StaffResearchAssociateat Davis, premium varietals are grown.
effects on incidence and severity of bunch
and isAssistant Professorof Entomology, Cornell
University; L. T. Wilson is Professor and Ento- Grapevine canopy management by leaf re- rots under the different climaticconditions.
mologist at UC Davis, presently on leave, and moval has been shown to be of s i m c a n t Objectives of this research also included
Professor of Entomology, Texas A B M Univer- valueforintegratedpest management(IPM) determining the effects of leaf removal on a
sity; James I. Grieshop is Lecturer in Applied of Botrytis bunch rot of grape in coastal broad range of grape pests, since control of
Behavioral Sciences and Community Education growingareas (CaliforniaAgriculture, March- problems other than bunch rots can increase
Specialist, UC Davis; Gene Miyao was Farm April 1989). Adoption by viticulturists in the value of leaf removal over its cost of
Advisor, Cooperative Extension, Yolo County, coastal valleys has been rapid and success- application.
and is Research Director, California Tomato ful, and has been aided by research data
Results of this study showed that leaf
showing trends toward improved grape removal can sigruhcantly reduce incidence
Research Institute.
Mike Murray, UC Farm Advisor, provided must and wine quality parameters after the and severityof bunch rots in the SanJoaquin
much guidance in the parts of this study con- leaf-removal treatment. Improvement of Valley, as has been shown previously and
ducted in Colusa County. Many growers and wine quality is of highest importance to confirmed here for coastal areas. Leaf removal also can reduce populations of leafPest Control Advisers participated in this study, producers of premium varietals.
Although most of California’s premium hoppers. We found no consistent effects on
and we are grateful for their assistance and
support. This study was sponsored by the varietal wine grape production is concen- grape yield and quality parameters during
trated in the coastal areas, the majority of these studies.
Statm.de IPM Project.
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