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This IJ?M Reference Field Monitoring @FM) Development Project provides technical 
assistance and free consultations to processing (canning)-tomato growers wishing 
to reduce their reliance on synthetic chemical inputs We documented a 50% 
reduction in toxic pestidde use since initiation. This project explores innovative 
means ofdeveIoping and disseminating findings in an ‘an open book” fashion. 

The program provides real time pest management information from RFM grower 
partidpant fields, while simultaneously condu ding applied research. This is 
accomplished wtth a spedally designed newsletter sent to over 500 tomato 
growers and related professionals in the Sacramento Valley community and field 
teams who visit growers flelds regularly and on-call. The projects findings have 
appeared in numerous newspapers and farm press magazines. 

An analysis of pesticide use reports reveals that in the last 3 years (1996- 
1998) the participating growers sprayed their acreage less than half as 
often compared to their peers Efforts to inform growers, researchers 
and other members of the Processing Tomato community were made by 
increasing the distribution of six issues with up to 500 copies per issue 
of the newsletter, X&m&b tie Zwwzzfo IZue(see attachments). A 
Technical Working Group was formed and meetings were held each year, 
two in 1998. Many individual grower meetings were held in the fleld or 
in the grower’s of?ke. A breakfast meeting was held for Pest Control 
Advisors and growers and one presentation was given at UC’s AgTech ‘$8 
field day. This last season three growers used B’s, all successfully, 
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Each season we closely monitored late season fields (harvested aRer 
September 1) of about 10 cooperators totaling at least 3,000 acres. Most 
fields harvested before this date should not have to be treated for aphids, 
worms or stinkbugs The most significant change observed from 1997 to 
1998 is the switch from excessively late treatments in ‘97 to very early 
treatments in ‘98. Unstable weather patterns contribute to grower/FCA 
decision-making as well as strong risk aversion behavior. 

In 1997, 41% of the fields were treated too late, at a pest infestation level 
well above any action threshold. 
yield redu ctions 

Excessively late treatment can lead to 
In 1998, 36% of the fields were treated well before any 

threshold was reached Excessively early treatments can lead to 
insecticide resistance and destruction of the beneficial insect fauna. For 
the non-treated fields the data remained the same in the two seasons - 
12%, as it did in those flelds where treatments occurred when the BIRC 
threshold was reached, 14 to 17% 

Two potato aphid-monitoring methods were examined for precision and 
accuracy in 1997 and 1998. The study was done on-farm in 100 fields 
encompassing 5000 acres, 15 varieties, and includes the work of 3 fleld 
scouts Data show a leaflet-based presence-absence method is more 
accurate at the same level of precision and cost compared to the present 
leaf based presence-absence method, promoted by the University of 
California The analysis also indicates that to collect representative data, 
upper and lower leaflets on vines should be examined The treatment 
threshold, which has been derived observationally from cooperating 
growers and their pest control advisors is reached at 37% aphid positive 
leaflets or 2 aphids/ leaflet. The current UC recommended threshold lies 
at 50% leaves in&&d which corresponds to 25% aphid positive leaflets 
or an average of 1 aphid per leaflet. 

A preliminary study examined predator prq relationship between the 
potato aphid and the green lacewing in on-km field trials in the 
Sacramento Valley, California Commercial sources of lacewing 
populations can be established with egg releases (at 2 eggs per plant) 
even when potential egg and larval predators like damsel bugs are 
present. Field cages were used to measure aphid population growth 
(mean 17% per day) and aphid consumption by lacewing larvae (13 
aphids per day) Under these conditions a release of 2 lacewing eggs per 
50 aphids should be sufficient to control the aphids as long as lacewing 
mortality after release is not excessive. 

A feasibility study using a small fixed wing model airplane modified to 
distribute ammerdally produced lacewing eggs was successful on a lo- 
ac field. Althaqgh the eggs were released late (at the 93% aphid leaf 
infestation level), and carried out in high winds, the aphid population 
dropped steeply tier 10 days. This release is the first one known to 



quantify populations before and af&er a LWE release against the potato 
aphid in processing tomatoes. 

i 

Subsequ ent studies of feeding rates of green lacewings (C%qzq~O 
wmeo) and lady beetles (A$~bxrz& CWV~@V&, and hand applied 
augmentative releases of lacewings, were conducted on Merent farms in 
small replicated plots These studies provide an initial estimate of Green 
Lacewing predation rates under field conditions, showing the feasibility 
of using commercially produced lacewing eggs (LWE). Specifically, we 
estimate that at two LWF,s/ plant a 50-ac field could be treated for 
bebeen $12 and $24/ ac. This is based on LWE egg costs of $0.75 to 
$1.50/ 1000, assuming considerable larval iosses af& release. Such 
costs are competitive with existing treatments. These studies also 
pointed cut the need to have a quick and easy method to confirm an 
adequate hatching rate prior to or as part of any further studies. Further 
studies will also need to be arranged with the supplying insectaries fbr 
release at early aphid growth stages 

Three publications on this work are in draft form (see attachments). 
Numerous policy suggestions are discussed in the main report while the 
attachments contain more detailed results. 
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Integrating Biological Control Into the 

IPM Reference Field Monitoring Program 
in Processing Tomatoes, 

With Selective Aphidicides and Releases of Predatory Insects 

Introduction 

This project develops applied sampling, decision-making systems and biological 
controls for late season pests of processing tomatoes, including the potato 
aphid, various larval lepidoptemns, particularly the beet armyworm, and 
stinkbugs in the Sacramento Valley, California. These applied research 
components are imbedded within a Reference Field Monitoring System (RFMS) 
which provides near-time sampling data to growers in exchange fbr use of their 
fields, their cooperatfon in tying new procedures, and information about their 
pest control and overall management system, particularly spray records and 
yield data. 

Over the last season we also emphasized work on outreach to growers and 
other members of the processing tomato inclusty in the Sacramento Valley. 
Improvements were made and circulation increased of a through improvements 
and increased circulation of a newsletter (2’3rmgh tie X&U?#IP PI!&- see 
attached). Reports were made to the Technical Working Group and meetings 
were held with individual growers Thus, the RFM system reports on findings 
to up to 500 local growers and industry members much faster than through 
normal research channels Three publications summarize work on sampling 
for the potato aphid, use of commercially produced lacewing eggs 
(C@ZS~~Y&Y #r.a) and pesticide use reduction obtained by cooperating 
growers. The summary below covers more of the programmatic administrative 
aspects, having policy ramifications. 

Problems Addressed 
The overall problem addressed is to develop a means for introducing Integrated 
Pest Management @?&I) framework and methods to highly risk aversive growers 
resistant to change. The need fbr this framework and for PM methods results 
from a combination of factors, which together create a solid wall of resistance 
to beneficial change. These factors include cheap insecticides, lack of adequate 
decision-making systems, lack of applied research on alternatives to existing 
insecticides, the perceived need for air applications rather than ground 
applications, premature treatments from poorly developed action levels, 
insurance applications and a propensity to use combination treatments “for the 
ride’. The latter refers to unneeded treatments added to another application in 
order to save the cost of an extra air application at a latter time. To this list 
must be added poorly researched and implemented sampling systems judging 
by PCA statements indicating existing sampling systems are not used because 
it takes too much time and do not fit into their field checking schedules The 
reference here is to the presence-absence sampling system recommended by 
Cooperative Extension, which is based on fruitworm egg monitorin& 

Domination of advising to growers by sales personnel fbr local pesticide 
distributors creates the most formidable barrier to new information, 
particularly if such information will lead to reduced sales This factor cannot 
BIRC DPR RFM Project in Processing Tomatoes Page I of 10 



be underestimated as many of these relationships are long term and highly 
personal. Such existing personnel relationships not easily changed by 
scientifhzally based IPM programs Growers believe that PCA advice is free as 
no direct charges are made for monitoring. Lastly, there is a lack of selective 
aphidicides or sufficiently researched biological controls for suppressing the 
potato aphid, which wou Id function without disrupting subsequent potential 
pests such as the beet armyworm and the tomato fi-uitworm. 

Background: Project History 
Integrated Pest Management (IEM) in processing tomatoes in the Sacramento 
Valley has a good reputation due to previous work and reports by UC, Davis 
researchers and extension agents Early work probably changed the spray 
patterns for late season pests away from treatments aimed at the tomato 
fruitworm, which is now under biological control or is controlled by late season 
insecticides aimed at other species, particularly the potato aphid, 
Jfikms.~phuum euyhur&ae Late season is defined as tomato fields harvested 

i after September 1 . Fields harvested prior to this period seldom need 
treatment for potato aphids. 

After a spray with sulfur for the russet mite the next pest species to arise is the 
potato aphid, thus the potato aphid is the key arthropod pest in the late season 
crop at this time. This judgement is made because: 1) treatments aimed at it 
are the first of the late season complex, 2) such treatments have the potential 
to disrupt other species under biological control, and 3) if the potato aphid 
cou Id be brought under biological control few if any treatments would be 
necessary for other late season pests on most flelds. 

The approach taken by the project over the last four years has been to 
incorporate previous research, new findings l?om project fieldwork Pest 
Control Advisor (PCAJ experiences and grower practices into a whole q&em of 
decision-making and treatment. The project’s own applied research made 
contributions through the development of new sampling systems and 
evaluations of treatment methods, as well as innovating the Reference Field 
Monitoring @FM) concept 

When work started in 1994 there was concern about pesticide residues in 
surface waters, particularly the herbicide treflan and the insecticide diazinon, 
among other biocides Consequently, the regional EPA oifice funded initial 
efforts to use an ‘epidemiological approach’ ibr problem solving. This means 
that one searches kr causes and then works at solving problems at the source. 
In this case the problem solving approach would be an IFW program or 
collection of programs encompassing a watershed. Although such an approach 
is logical from an ecological view it was never tried previously, and to my 
knowledge there is no example, even now. 
below we did not get very far, either. 

As you will see by the short history 
Su r-face water contamination remains a 

continu ing chronic problem. 

The sources of the water contamination in this case were probably orchards 
and alfalfa fields The data for excluding other sources was more a function of 
lack of water sampling for pesticides rather than any logical considerations 
excluding other crops. 
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At that time, one of the main sources of herbicide entry into surface waters in 
the Solano/Yolo county area was thought to be the drainage systems managed 
by the Resource Conservation District (RCD) in Solano Co. Although we 
conducted pilot work on revegetating levee slopes, this never developed into an 
lF%l program. Without regulatory pressure the RCD would not focus on the 
need to drastically cut herbicide use, although such a goal was within reach 
technically. 

An RCD based approach was also reasonable since growers and the USDA 
jointly fund such systems and the Soils Conservation Service provided 
technical support. Getting growers together to do anything collectively is 
always hard, and with annual crops on mostly leased land, particularly 
difllcult. 
idea. 

Having a grower organization to work with initially looked like a good 

Many areas in Solano/Yolo Counties had been leveled using Federal funds as a 
r way to encourage growers to move away fiorn low economic sheep grazing to 

row crops. This upgrading of the land base was the basis for ibrming the RCD 
in this area. The EPA connected us with the RCD personneL The Solano RCD 
arranged ibr a meeting with potential growers who might be interested in 
implementing an lPM program. Although orchards were not highly important 
in Solano Co, alfalfa was important from an area-wide perspective and because 
of the pesticides used in the crop. Consequently, al&lib was the focus of early 
interactions with growers in mostly Solano County. 

After an initial meeting with some of the leading growers where we assured 
them that any data collected on their properties or about their operations 
would not be used against them, we set up individual meetings From these 
meetings came the conclusion that to affect pesticide use in the county one 
must work on the most important crop. Grower afler grower emphasized that 
he first chose which acreage was to grow tomatoes and then apportioned the 
remaining acreage to alihlfa, sunflowers, safflower or something else. The most 
important crop from an economic view was not alfalfa but processing tomatoes 

One must begin any implementation project where there is a chance of being 
successful. It looked like processing tomatoes would be a better starting crop 
than allhlfa because it had a reputation as a leading IPM crop based on the 
work that Frank Zalom and his associates at U.C. had published about 
processing tomatoes. 

We reviewed this work in an lPM Practitioner article (Olkowski and Olkowski 
1996) and concluded that on a world-wide basis this crop was the only example 
where a natural enemy component figured critically in any lPM program 
developed up to that time. This assessment was based on H*‘s work 
showing how percentage egg parasitism bly Tff&c@?aamrr preflosvm 
figured in deciding whether one should treat or not treat for the key late season 
pest - the tomato fruitworm, 1yelfamp aee(see Hoffman et aL 1990). 

How this project developed ti rther is instructive and I believe representative of 
the general state of affairs regarding lPM in California. If Caltfomia is a leader 
in IPM development in the US, it also tells what a miserable state of affhirs IPM 
is in overall. This message is difflcult to discern from University personnel who 

BIRC DPR RFM Project in Processing Tomatoes Page3 of 10 



i 

generally do little direct work with growers and who generally are not critical of 
existing practices. 

Much of our previous PM implementation work had started with an 
assessment of actual pesticide use since this gave us two important 
parameters: estimated costs of treatment and a prior!9 list of target pests. 
Although simple in concept, this objective proved impracticaL After further 
interviews we realized that pesticide use reporting at the state level was then 
about two years behind actual use, and that county data was out of reach of 
our project economically, since it required us to go through the forms filed by 
PCA’s and growers individually. At that time these two sets of forms were filed 
at the County Agricultural Commissioners office in two different groups and no 
summary was available with the needed detail.’ Nor was any disk copy from 
which we could make further analysis. At one time we received an estimate of 
$500 for state records of pesticide use by about 15 growers in the two counties: 
Yolo and Solana This was not cost effective for us. Later this information 
became available by disk or over the wire, but it is still excessively delayed 
Today country data is available in December but the state data is 3 years 
delayed. 

The information specffjring target pests was also useless and confusing 
especially regarding mixed applications, a common form of delivery. What 
pestidde use records were available did not identify the specific target pests. 
Thus, we could not unravel whether fruitworms, other worms, or potato aphids 
were the precise target of late season insecticide applications. The UC manual 
(3d ed.) on processing tomatoes says the fiuitworm was the most important 
target pest Although this seemed logical since this species was the subject of 
tomato sampling at grading stations, it is actually misleading. 

We were regularly told b growers ju stitying their pesticide use that if 2% worm 
damaged fruit was found during sampling whole loads were rejected Many 
late season applications were mixtures, or individual insecticides such as 
methomyl, which cou Id kill all the late season pests. However, which pests 
actually were the target ofthe treatments could not be determined by checking 
pesticide labels for logically targeted species. Local PCA’s were of little help 
since they were not required to be precise on their recommendations, nor 
obliged to help, since we were viewed as potential competitors. The local 
extension agent seemed similarly perplexed althargh he pointed out that 
aphids seemed to be building in importance over the last few years Local 
researchers were fbcusing attention on stinkbugs, which after successful 
parasitoid importation relegated the native stinkbugs again to relatively minor 
pest status (see Hoffman et al., 1991). 

Interviews with individual local RX’s added further confusion. They reported 
that actual use of UC recommended sampling system, i.e., 30 leaf based 
presence-absence, was unreasonable since it required too much time. The best 
RX’s interviewed had been a part of an earlier U.C. effort implementing PM 
sampling for the fruitworm. This effort may have actually greatly reduced 
pesticide use, since the fiuitworm was no longer considered by some PcAs to 
be an important pest This was confirmed over the next year or two as we 
condu cted ii~ rther fieldwork. 
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Materials and Methods 

The main objective at first was to concentrate on developing adequate sampling 
systems fbr all the late season pests, because such systems are needed before 
any alternative management methods can be evaluated. We started by first 
using the published and recommended sampling systems (Zalom et al. 1990). 
Over the four-year period the basic approach has been to adapt sampling 
methods developed by researchers, or those already in use in other crops for 
processing tomatoes Thus, the leaf sampling system recommended by UC, 
Cooperative Extension was modified to include upper and lower plant samples, 
again modified to reduce amount of time by sampling only the undersides of 
apical 5 leaflets on 30 leaves. 

Finally, we developed an improved leaflet based presents-absence sampling 
system (Wittenbom and Olkowski 1999). This sampling system is combined 
with shake sampling to detect worms and stinkbugs as well as natural enemies 

i to aid in decision-making. 

Shake sampling uses the ‘cafeteria tray’ methods developed by Zalom for 
stinkbugs (Zalom et aL 1995) in an expanded form More specific methods are 
described in a series ofspeciflc studies in the attachments, which focus on the 
work performed in the 1997 and 1998 seasons Sampling systems were 
initially described in Olkowski and Olkowski 1996. 

Results 

After four years of fieldwork we have established the following: 

1) The key pest of processing tomatoes in the Sacramento Valley at present is 
the potato aphid ~%&czzx.~~eq~W&W. It is responsible for most late 
season insecticide use. 

2) The existing sampling system recommended by UC Cooperative Extension 
encourages unnecessary and early treatment of this pest, and does not 
include any natural enemy assessment 

3) Using Bacillus thuringiensis (St) products can control late season worm 
pests only a few growers now use Bt. U. C. Cooperative Extension 
pesticide recommendations do not emphasize the enormws difference 
between materials that spare natural enemies and conventional broad 
spectrum materials, and where we have been present actually indicate that 
Bt is InefYective. It’s not that Bt’s aren’t favorab$ mentioned in their 
publications but few grower reads these The important thing is what they 
say at the field days There they plsh the chemicals Those growers who do 
use Bt do so effectively 

4) Many of the late season fields do not need to be treated for the potato aphid 
if the action level and decision-making system we developed is used for 
deddlng treatments rather than the UC q&em A few progressive growers 
already use our system to their advantage. Although we have not done a 
complete study of cost effectiveness of this method we can say that it takes 
the same time as the UC method but is more precise and accurate which in 
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turn lets on up the threshold a little bit which can save money if the growers 
chooses to rely on it. 

5) Some organic processing tomato growers can produce without aphid or 
important worm problems in the same areas where conventional growers 
use insecticides and have pest problems. 

Further, after pilot studies using nontoxic selective neem oil products (Neemix@ 
and Trilogy@), we concluded that insecticide coverage was the principle limiting 
factor in making these novel product ef%ctive. This conclusion is also relevant 
to conventional insecticide use, and more importantly to many alternative 
materials of a less toxic nature such as soaps, oils, and microbials Ground 
applications have the potential to improve coverage of any type of pesticides as 
well as reduce drift. Spedally modified ground applicators are needed to apply 
alternative materials and to make conventional materials ‘more effective”. An 
example is the air boom (I.e., FMC) sprayer. 
sprayer will also make it more effective. 

Modifications to this type of 
Other types of sprayers (e.g., 

electrostatic sprayers) are not available locally at this time. 

Near-term natural enemy impacts on the potato aphid cannot yet be made 
precise within an overall decision-making system. However, judgements about 
impact on growing aphid populations can be made regarding short-term 
tolerance and continued monitoring. In this way, with more fieqent field 
visits some fields can be left untreated. Further, ifa minimum of 5 weeks prior 
to harvest period is used as a no treatment period many more fields can be left 
untreated. The latter assessment was derived from unpublished studies 
showing no yield losses during such a period with the variety Alta on good 
University land (Zalom, 1996, unpublished CTRIAnnual Reports). 

Discussion 

This project had to face a lack of interest in a collaborative relationship with 
UC researchers and extension agents This slowed progress Competition for 
limited funds, grower’s attention, and pestidde promoting advice from local 
PcA’s and occasionally Cooperative Extension limited cur ability to accelerate 
program development. 

The RCD’s were only moderately helpful. Although the programs operated by 
the Yolo and Solano Co. RCD’s are complementary, the personnel lack 
expertise and experience in development of EM programs Staff from both 
RCD’s and the related Natural Resource Conservation Service (NRCS) were 
helpful to this project and the provision of a meeting place where growers and 
researchers could meet greatly helped i&ihtate communications within the 
local community. These organizations are mom helpful toward developing lFM 
programs than Cooperative Extension, in our experience. Gf cou me, this 
situation could be Merent in other areas since only a few people are involved 
in these situations and great differences exist amongst such personnel and 
local agencies. 

Cooperating processing tomato growers showed little orientation toward rmtual 
help and interaction in comparison to almond growers in the BIOS project run 
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by CAFI?, for example. Competition and economic risks are undoubtedly 
higher with row crops, which could account for some of this lack of interest. 

i 

Repeated efforts to obtain %I nding for this project from SAREP were 
unsuccessful. The SAREP program funded by the state is based on the 
su ccessfu 1 CAFF almond project, but is limited in scope by its program 
constraints to heavy involvement of growers. This alone cou Id exclude an Rl?M 
approach with its service oriented individual consultation to growers by IPM 
specialists A broad range of grower interaction systems cou Id increase 
possibilities of finding useful approaches for PM development, a vital need. 

Rapidly updated pesticide use data, including target pests, could accelerate 
PM development by pinpointing the most important and critical key pests for 
PM program development If such information were available by crop and 
region, particularly in summary form, priorities for research on a statewide 
basis could provide a yardstick for assessing University and commodity funded 
research priorities. Presently, it is dWlcult to discern how research is selected 
In many cases it appears as if lon@.anding personal relationships have a 
major role in selecting research rather than stated priorities Getting more 
actors into the applied research system could broaden developments and 
provide a source offundtng for entry level independent Bio/lPM advisors 
starting careers. 

Lack of personnel to design IPM pro&rams in the private sector limits 
developments to University personnel who do not have the incentives to put in 
place realistic sampling and decision-making systems Biological control does 
not get adequate attention nor does actual IFW program development. 
Individu al researchers may get particular projects funded which may make a 
contribution toward LPM program development but whole program development 
is virtually unfunded An exception may be the Sustainable Agriculture 
Farming Systems Project at UC Davis which compares different horticultural 
systems within the crop rotation sequences that include processing tomatoes 
over a 12 year period. Although many aspects of this project are relevant to 
commercial fields the project operates on UniversiQ experimental station fields 
and its results may take a long time to influence growers. 

If this project is not funded further the investment was lost except if the 
lessons learned are.incorporated into policies which change the infrastructure. 
By infrastructure we indude incentives for UC researchers and extension 
agents to develop and implement complete practical JPM programs, and their 
components, particularly least-toxic selective insecticides and biological 
controls. Infrastructure also includes UC and state college education programs 
aimed to develop personnel who can and will assume private biologically 
intensive Q3ioIPM) advising roles. Most critical are regulatory changes forcing 
use of altematfves (BT is an example), pesticide use data improvements, and 
changes in funding to include any and all program types which can encourage 
development and use of IPM programs aimed at toxic pestidde reduction. 

Most late season applications are made by air since ground applications 
destroy fruit and require closing drainage ditches, a procedure which growers 
dislike, and which is not cost-effective near harvest. Yet some growers already 
close ditches near the end of the season in order to push vines out of irrigation 
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furrows in a practice called “vine training”. Others never create ditches, using 
sprinkle irrigation the whole season. Although these growers are a minority 
they demonstrate that there are other ways to produce this crop that are 
compatible with ground applications of novel less-toxic materials and are 
economically feasible. Local organic producers are other examples Green 
labeling programs modeled after the Organic Labeling Programs in existence 
throughout North America and Europe could be used to encourage real IPM 
implementation with existing technology. 

Air applications require materials with long-term residual life and/ or fuming 
action since coverage will always be a problem when air applications are used. 
Banning air applications would force use of ground rigs and encourage a more 
thrifty and reduced use of pesticides. Banning would not remove the need to 
treat most late season fields for potato aphids. Late season treatment cculd 
take advantage of more environmentally sound materials if pesticide 
application research were directed toward making such materials cost effective. 
An augmentative biological control treatment method, mass release of 
commerdally applied lacewings could provide a much-needed aid for late 
season potato aphid control but still needs further work to make it a 
scientifically supportable method. 

Banning air applications would not eliminate the need to treat for stinkbugs in 
those local fields where this minor pest occurs Grcund applications would 
improve worm treatments however, as well as aphid treatments Evidence of 
resistance to the current main late season insecticides, esfenvalerate and 
dimethoate, inchding mixtures, is already evident Just how fast it will build 
remains to be seen, but the situation is not good. Use ofthe pyrethroid 
permetMn seem to be an alternative to the OP dimethoate and the pyrethroid 
esfenvalerate (sometimes combined) being explored now lq KAs and growers. 
Increased use of permethrin could lead to worm outbreaks since they are 
potential secondary pests 
secondary pests. 

Pyrethrokis already have a reputation for triggering 

Summaq and Conclusions 

The RFM system is a potential way to introduce and even develop 
sampling/ decision-making systems for IIW programs in processing tomatoes, 
and by extension, many other crops This conclusion is supportable by the 
pesticide use reduction data (see attached) from the cooperators and by the 
progress made in developing sampling and decision-making systems as well as 
the applied research done on use of lacewing mass releases and assessment of 
predation rates This approach demands little change for initial participating 
growers and provides in-field demonstrations without the long lag periods 
necessitated by the need ibr peer reviewed publications. 

New selective insecticides and biological controls are needed for potato aphid 
management in processing tomatoes By inference. certain aspects learned 
from this project appear generalizable to other crops in California. These arez 
1) A principle limiting factors for IPM development is the need for incentives for 
development of accurate and precise sampling systems for kq pests that are 
practical for use by RX’s, particularly private independent PCA’s; 2) There is a 
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lack of incentives for lPM development and implementation limiting further 
potential practical BioIPM research by University personnel; 3) A significant 
effort needs to be made by combined state regulatory, research and extension 
personnel to renew efforts to develop practical IPM programs which can be 
implemented by PCA’s; and 4) Educational efforts are needed to provide multi- 
and transdisciplinary training and orientation toward development of 
professional IPM program designers, but first the concept needs to be further 
developed as a distinct field within pest control as a whole. 

Useful sampling systems need development with a priority criteria of minimal 
cost related to reliable representation of actual field populations Although a 
minimal cost potato aphid monitoring system was being recommended by 
Cooperative Extension office it was not used by PCAs and if used good enough 
to prevent unnecessary treatments and the encouragement of insecticide 
resistance. The method was based on unpublished research done on 
University land with a highly susceptible variety, which Is no longer grown. An 

i alternative approach to program development starts in the field to implement 
what is published and then identifies problems for preliminary and then more 
definitfve research Educational programs now orient most graduates to 
laboratory work where highiy specialized efforts can be produced Fieldwork 
requires multidisciplinary knowledge, e.$, horticultural and agricultural 
production, fertilization, plant disease, nematology and entomolcq& for 
example. 

Biological control by importation and augmentation can be usefully employed 
with additional attention in processing tomatoes, par&u larly against the 
potato aphid, an introduced pest. BiologIcal control, classical and 
augmentative, is an overlooked and critical component in a least-toxic 
approach to crop pest management Biological control should be the first order 
of business in every crop since it is the most cost-effective approach. However, 
until the existing pesticide use is reduced so that enough flelds remain 
untreated in particular regions it is d.tffIcult to untangle which target pests 
should be targets of importation efforts. There is a major need now to 
reexamine existing IEM programs for the state ofthe art in regard to natural 
enemy importation and augmentative projects. 
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Evahration of Two Potato Aphid Monitoring Systems 
in Processing Tomatoes from the Sacramento Valley, California. 

By Gisela Wittenborn and William Olkowski 

Abstract 

Two different potato aphid monitoring methods in processing tomatoes were 
examined for precision and accuracy. The study was done on-farm over 2 years in 
100 fields encompassing 5000 acres, 15 varieties, and the work of 4 field scouts. 
Tests show a leaflet based presence absence method is more accurate at the same 
level of precision and cost compared to the present &f based presence absence 
method., promoted by the University of Califbmia. It also indicates that to collect 
representative data, upper and luwer leaflets on vines should be examined. The 
treatment threshold, which has been derived observationally tim cooperating 

i growers and their pest control advisors is reached at 37% aphid 
r 

ltlve leaflets or 2 
aphids/ leaflet. The current UC recommended threshold lies at 
leaflets or 1 aphid per leaflet 

5% aphid positive 

The study also examines the question of whether insect monitoring systems derived 
from homogenou s, small plot trials can be the exclusive fandation of large scale 
industrlai monitoring. 

IIltroduction 

*In the last decade the potato aphid (PA), LMWYVIBJ+&J~ CZJ@W&~S has become 
the key pest in late season processing tomatoes in the Sacramento Valley. A leaf 
based presence/ absence sampling system has been promoted ltpy University of 
Caliibmia researchers (UC, 1998). However the system has major shortcomings 

- Presence-absence sampling was not effective in differentiating varying infestation 
levels Yields were different with similar levels of aphid-infested leaf counts (l?lckel 
et al., 1994). 

- The treatment threshold is set low because of the moderate accuracy of the 
method. Above 50% aphid 

E 
o&t&e leaves, which is also the treatment threshold, 

the data become more unxe able. 
l only leaves in the upper canopy are sampled In 80% ofthe flelds thfs skews the 

aphid infestation towards a higher infestation level while it misses flelds where the 
aphid infestation resides in the lower part of the plant 

l Where a grower wants to wait to see if the aphid population declines without 
intervention this method is unsatisfactory. In cases where leaflet a hid counts 
indicated a population decline the leaf based presence/ absence di cr not 

0 The method does nut incorporate aphid predator nor parasitoid counts into the 
treatment threshold Aphid predators can occur in tomato fields at high densities, 
and may reduce the aphid den&es 

High-value crops like tomatoes tend to be sprayed more intensively than low-value 
crops because of the perceived low cost/ benefit ratlo of such treatments. Insecticide 
use costs start at about $12/ acre by air (includes air application alone of $7.5O/ac). 
Such treatments are cost e&ctive even at expected yield increases of less than a ton 



per acre. Such a small yield increase will usually slip through statistical yield data 
analysis since it is too small to be signWant. 

Processing tomatoes are now valued at over $5O/ton and ‘eld on a state wide 
average of 33tj ac. Treatment costs for a 50 .ac field are $ k 00 (@$12/ ac). If an 
increase of one ton/ ac were gained by treatment then the cost/ benefit ratio wou Id be 
600/ 2500 or 0.24, providing the grower a net profit of $1900 on a 50 ac field If only 
3 out of 10 fields produce a one ton yield increase (while in 7 fields no yield increase 
were achieved) treatment cost would be neutralized by the extra yield. Therefore, in 
case of doubt whether the treatment will result in a yield increase the growers are 
likely to treat anyway. This way they are probably not loosing money but are sure to 
reduce the risk of loss. ‘Ibis strategy can be called “Better safe than sorry. This 
strategy is reasonable when the sampling systems and treatment levels are 
problematic 

However, at a time where growers and regulators try to reduce reliance on high risk 
pesticides and use IF&I programs it is important to provide growers with the 

I 
information necessary to evaluate whether the pest population has really reached the 
treatment threshold The more comfortable the grower feels abcxlt the quality ofthe 
monitoring data the more insurance treatments and ‘riders’ can be eliminated A 
“rider’ is a pesticide applied not because the treatment threshold was reached hut 
because another treatment is scheduled and applying Iwo materials in one 
applications saves one application cost 

Methods 
In 1997 and 1998 late season 

E 
rocessin 

Yolo, Solano and Sacramento ounty. I& 
tomato flelds were monitored for aphids in 
ch year 50+ fields totaling 2500+ acres, 

planted in more than 15 different varieties were monitored by 3 field scouts. Two 
presence/ absence, two enumerative and two combined methods were tested This 
article focuses on the two presence absence methods. Their key diff’erencc lies in the 
chosen sampling unitz leaves or leaflets Tomatoes have compound leaves where 
each leaf is composed of 5 to 13 leaflets Shands (1954) found a high correlation 
between single leaflet counts and whole leaf counts in potatoes which also belong to 
the nightshade fa 

2 
and have a similar leaf structure as tomatoes. There&e, 

leaves as well as le ets can form representative sampling units. The two methods 
being compared are described belaw: 

L&based presence/ absence method (percent leaves aphid positive: The undersides 
of 30 randomly chosen leaves from below the highest opn flower were monitored for 
presence/ absence of aphids (see IRM in Processing Tomatoes, 4’h ed, 1998). In 1998, 
in 67% of the sampling events the number of samples was reduced to 15 leaves per 
field. In these cases the leaf and the leaflet sampling was done on the same leaf 
This leaf based method is the UC method 

Leadet based presence/ absence method ( 
sampling unit is the undersides of 5 !i= 

rcent l&l&s aphid positive): The 
apica leaflets of the corn nd tomato leaf, 50% 

from the upper plant (see above), 50% from the lower part of r e plant In 1997 two 
spot samples were conducted each consisting of the sampling of3 upper and 3 lower 
leaves result1 

Ii3 
inthesa 

mg 
ling of60 leaflets per field In 1998 30 random leaves 

were monito 15 leaves om u 
in 150 leaflets checked per field. !!I 

er and 15 leaves from the lower canopy, resulting 
is leaflot based method is the BIRC method. 
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Both of the above presence/ absence metha& were compared to total counts of 
aphids on leaves or leaflets. These samples are called enumerative and were made bry 
counting all the aphids on the undersides of 5 tip leaflets This sam 
parallels the leaflet based presence/ absence method (%LLA+) (see a Lv 

ling procedure 
e). The total 

number of aphids was then divided by 60 in 1997 and by 150 in 1998 to arrive at the 
number of aphids per leaflet (#A/LL). 

Precision: 
To test the methods for precision the relative variability (RV) &egg, 1994) was 
calculated for the enumerative methods (1998 data only): 

RV - (Sqrt (s2/ n))/ m [Sqrt - square rout] 

where s2- sample variance, n- sample size, and m - sample mean. The RV for the 
binomial sampling method was calculated byz 

RV - (S# (p’q/n)V p 

where p - proportion of samples with aphids, q - proportion of samples without 
aphids and n - number ofsamples 

RVs were calculated for each sampling event in 1998 and then averaged for the whole 
year to compare precision (88 data points]. 

Accuracy 
The overall ob ectlve ofdeveloping a cost effective sampling *em is to have one 
adoptable hry LA ‘EL If the correlation between any of the binomial methods and the 
enumerative method is tight this would allow to substitute the presence/ absence 
method for the more accurate but more time costly enumerative method The data 
was transformed to its natural logarithm which linearizes asymptotic distributions. 
Since the data to be transfo~~~ed include zeros a technical problem arises: the 
logarithm ofzero is negallve infinity. In such cases the transformation ln(x+l) avoids 
the problem The correlations were calculated with SUP!ERanova for single and 
combined datasets of 1997 and 1998. The resulting regressions wem tested for 
covarlance between the two years 

Results and Mscusslon 
A good monitoring method should be cost effective (i.e.. low number of samples) and 
precise and accurate. A large varlabihty of a given measured parameter will 
necessitate large sample sties which increases the cost ofmaking a sample. In 
general, enumerative methods are good at giving an accurate picture of the actual 

p” 
pulations size, but because aphid counts are h&hly variable the neces&tate a 

arge sample size. Although presence/ absence methods exhibit ess variabiliq they 3 
have to be carefully checked for how well they relate to population dynamics. The 
selection ofthe sampling unit is crItica to reduce cost and to maximize accuracy. 

Jn this study a leaflet based presence absence method is compared with a leaf based 
one Tomatoes have compound leaves and therefore leaflets are an option of choice if 
one wants to study whether a smaller sample unit might relate better to pest 
population dynamics. 
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Precision 

The results for the precision analysis show that with 30 samples the enumerative 
method (#A/IL) exhibit a relative variability of around 30% which is somewhat too 
high fbr basing insect management decisions on it. As expected the binomial 
methods perform better at low sample sizes and medium insect presence. The RV at 
30 samples equals about 20% for insect presence between 40% to 50% of the 
positively infested leaves which is the infktation range where treatment decisions are 
recommended 

Accuracy: 
In F’ig. 1 and 2 the two presence absence methods are plotted against the 
corresponding enumerative values. In both years the leaflet based binomial method 
exhibits a tight relation wtih the enumerative method while the leaf based values 
show a difCse relation. In addition, for the leaf based binomial method 100% 
presence is already reached at less than 2 aphids per leaflet while the leaflet based 
vahres increases slowly with lmreming aphid counts per leaflet and does nut reach 

r 
100% even at 14 aphids per leaflet This makes the leaflet method a more responsive 
tool for measuring the population size. 

Fig. 1: Relation betwewascd presence absence 
enumerative aphid monttolmg in tomatoes for 1997 

1998 

aphids, por leaflet 

Fig. 2 Relation betnemased presence absence 
enumerative aphid monitoring In tomatoes for 1997 

1998 

5.00 10.00 
aphldsperleuflot 
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Fig. 3 shows the regression line and the co&Went of determination for leaflet based 
presence absence and enumerative meth& The data has been transformed to its 
natural logarithm so that one can work wtih a linear regression. The covarfance 
analysis resu l-ted in no significance for the factor year or an interadlon between year 
and aphid counts. TherefoE the data of both years can be combined The leaflet 
based method correlates well with the aphid counts with a r2 of0.84. The ression 

7 
ation matches 25% aphid positive leaflets to one aphid per leaflet @/IL), “$ 7% to 2 

LL and 67% to 5 A/IL. 

Fig. 3: Regression of- based presence absence and enumerative aphid data fix- 1997 and 1998 
(302 data pairs transformed to natural lo@Mthm) 

y - .22x.+ .07, r2 = .84 

-. I c 

-. 5 0 .5 1 1.5 2 2.5 3 
In(l+x) of #A/U 

Fig. 4 sh~s the regression between leaf based presence absence method and 
enumerative method. The ccwariance ana&sis indicated s!gn!ficant dmrences due to 
the factor year and interacttons between year and aphid aunts. 
relationship between the two rameters 

Jn both years the 

data were collected than in 1 r 
is difhse and in 1998 only half as many 

97. Therefore diffbrences in the lype of data collected 
each year (like in which phase ofthe aphid population @owth the data was taken) 
cou Id be a cause for the yearly differences and the Interaction 

The leaf based binomial method reaches 1 A/U, at 50% and 5 A/U at 86% 
infestation. 
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Fig. 4: Regresston of l&based presence absence and enumerative aphid data for 1998 and 1997 
(68 and 126 data pairs transformed to natural logarithm) 

CL -3 
v=. 16x + .3/. f = .29 v=. 25x + .18. C = .57 

In( 1 +x) of #A/U In(l+x) of #A/U 

other reseamhers have faund a better fit between leaf based and enumerative 
methods (Walgenbach, 1994, Clark, 1998 unpllblished). However, in both cases the 
plot size was small (Walgenbach 98.5 

3 tomato variety was used. The present 
are feet, Clark, l/3 acre) and only one 

data was obtained f?om actual tomato fields 
averaging 50 acres in size, includin 
ofthat size exhibit variability in soi f 

more than 15 different tomato varieties Fields 
texture, fertility, moisture content and soil 

compaction which in turn will result in differences in plant water and nutrient 
uptake. These difibrences will affect the host suitability for the aphids, i.e. their 
reproductive rates and the most ihvorable locatfon for the aphid within the plant. In 
addition there is a strong varietal effect on aphid po 

& 
lations. Some tomato varieties 

are said to be at least partially resistant to aphids oshian, 19951. In this way a 
homogenous univemw small plot trial can not adequately simulate actual fleld 
conditions which are high& variable on many levels. 

For presence absence methods smaller sampling units are more responsive to 
population changes (measured with enumerative methods) in a situation of highly 
variable counts 

Example: When an aphid population has topped out and commenoes to decline due 
to natural causes the aphids will disappear evenly, not leaf @ leaf. This means that 
if a leaf started with 50 a hids, 
week their might be still 1 

after a week it might still have 10 and af&r a further 
aphids In all cases this would have been an aphid 

positive leaf for more than 2 weeks while the enumerative method weld have 
measured a reduction of more than 90%. The smaller unit leaflet catches the decline 
at an earlier point in time because the aphid distribution between the leaflets is 
highly variable and some ofthe leaflets start out with low aphid numbers. This 
phenomenon leads to a better correlation between enumerative method and leaflet 
based binomial method than enumerative vs leaf based binomial method, (In 
comparison a chemical treatment w&h 100% coverage weld take every aphid out but 
the randomly distributed resistant one’s. Even if one has incomplete coverage one 
has a better chance of cleaning whole leafs from aphids, especially the top ones) 
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Factors ciue to the monitoring plan that might have increased variability between leaf 
based presence absence vs. enumerative method: 

a) Jn 1997 the leaf based presence absence samples were taken from different plants 
than the sam 
method was B 

les for the enumerative method However, in 1998 the enumerative 
one on 15 upper and 15 lower leaves The 15 upper leaves were used 

parallel for all three methods 

b) The leaf based presence absence method was only conducted with upper leafs 
while enumerative and leaflet based methods were done on upper and lower leafs. 
Therefore an analysis was conducted on enumerative data from upper leaflets only. 
This procedure improved the coef]Rcient of determination to R - 0.44. Further, data 
above 5 aphids/ leaflet were eliminated since this method reaches saturation early, 
This improved the r2 to 0.5 1. (see Fig 5) 

Fig. 5: Corrected regression of leaf based presence 

.8- -. ,- 

.7- .A' 

absence and enumerative method, 1998 

-.l J I c 
-.2 0 .2 .4 .6 .8 1 1.2 1.4 1.6 

yl+x)cflp#Au 

This brin 
canopy. a 

s up the point whether it is ad 
the literature Walker et aL, 19 % 

ate to exclusively sample the u 

60% f .02 ofthe aphid po 
found for 50 sample dates in 1 

per 
years 

encompassin 
i! 

r 
lation in the upper strata. His set-up were small, 

of the presen 
University eld plots with two locations and two varieties. An analysis 
data set fwnd on average 52% ofthe counted aphids in the upper 

canopy. However, the range 
the average fleld does not e xi2 

read evenly Mm 3% - 100% pig. 6). In conclusion, 
in 

processing tomato flelds. 
the practiml world of aphid monitoring in 

Therefore, it is advisable to take samples from the upper 
and from the lower canonry to avoid drawing conclusions from non-representative 
data. 
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Fig. 6: %I Aphids in the upper tomato 
canopy, 1998 

0 100 

sorted samples 

As a result of this study it seems appropriate to switch from a leaf based binomial to 
a leaflet based binomial method sampling the upper and lower strata ofthe tomato 
canopy. Time spent in the field is equal. The accuracy ofthe data is significantly 

I better. The 15 upper leaf samples can still be checked for tomato fiuit worm eggs 

Growers and PcA’s who do not want to make notes in the field can take two hand- 
held counters, one for cum&g the leaves checked and the other counting the leaflets 
that are aphid positive When 30 leaves have been checked the total number of 
aphid positive leaflets is divided by 150 (30 leafs x 5 leaflets]. ‘The BIRC treatment 
threshold is reached at 37% leaflets aphid positive equaling 2 aphids per leaflet (or 1 
AX). AX is called the aphid index and combines an average number of aphids on all 
sampled leaflets multiflied by the prcentage of the leaflets found positive 

For 
ootf g 

rowers who want to save money and spray less it is very important to collect 
data as basis for decision making. The more accurate& the monitoring data 

reflects actual aphid population dynamics the less risk is connected with decision 
making. Ifone wants to integrate aphid predator counts into the treatment threshold 
accurate knowledge afthe pest population becomes even more important lfthe ratio 
between aphids and aphid predators exceeds the feeding capacHy of the predator 
they will not have a control effect Therefire, an error in estimating the pest 
popl lation can m lt in yield reduction and economtcal damage to the grower. The 
same applies to situations where aphid predators are to be released: the cornerstone 
for a successful predator release is the correct release rate, based on a good estimate 
ofthe prey population. 
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Pesticide Use Patterns of Tomato Growers Participating in Bio-Intenshe IPM 
Pmgram vs. Their Peers - Update 1998 

The insecticide usage of growers participating for4 years in BIRC’s bio-intensive 
IPM program in processing tomatoes was compared with the pesticide usage by 
their peers in the same county. An analysis of pesticide use reports reveals that in 
the last 3 years ( 1996- 1998) the participating growers sprayed their acreage less 
than half as often compared to their peers [72% vs. 172%). More specifically, 
1997 was a heavy aphid year resulting in two and a half sprays of insecticides per 
field in Yolo County in general, whereas BIRC Cooperators treatedtheirfields less 
than once. In addition, the participating growers used more often low risk 
materials. 

,Gver the past years the awareness of risks connected with the use of pesticides 
has grown. Pesticides can have a negative impact on food webs and bio-diversity, 
as well as directly on humans. Therefore, the interest in bio-intensive IPM 
programs has increased Government agencies and private organizations are now 
funding a number of programs with the intent to reduce the overall exposure to 
high risk pesticides. In addition, interest from the marketing aspect has arisen 
under the banner of green marketing. In any of these cases the programs merits 
have to be evaluated and risk reduction has to be proven. California provides a 
good basis forthis with its institutionalized pesticide use reporting. Growers have 
to report treatments to the CountyAgricultural Commissioner’s office who collects 
the data and then turns it over to the California State Department of Pesticide 
Regulation which produces state-wide summaries. 

The described project focuses on the late season pest problems and control 
strategies in processing tomatoes. Its main difference to current programs is that 
it takes resident beneficial insects into account as control agents andtries to 
provide the grower with a higher quality of pest monitoring data. The more 
precise and accurate the data is on which the grower bases his control decisions 
the less risk factor has to be added to the treatment threshold The program also 
promotes the use of low risk materials like Bts or natural enemy releases. 

Methods: 
The Pesticide Use Report (PUR) data from 1993 to 1995 were obtained fromthe 
Department ofPesticide Regulation (DPR). The data for the whole state of 
California was downloaded from the DPR web site. The summary data for the 
counties Yolo and Solano as well as more detailed data on BIRC’s collaborators 
(includingfleld sites in the counties: Yolo, Solano and Sacramento) was specifically 
put together for us by DPR staff. The DPR data included the category pounds of 
“active ingredients’. 

The data for the years 1996,1997 and 1998 has not yet been released by DPR 
However, in order to reach some preliminary results at this time, the PUR data on 
county level and on collaborator level were obtained directly fromthe CountyAg 
Commissioner of Yolo County. This data set didainclude the category pounds of 



“active ingredient”. The number of total acres treated is kept throughout all the 
summary tables and is used in the analysis as percent ofthe planted acreage. 

The studied grower cooperator group consists of 10 growers with whom we have 
the longest history of contact. Two of the growers have organic fields besides 
their conventional flelds. The organic fields amounted to 1 - 2% ofthe total 
studied acreage in any given year. 

The data analysis should detect trends in the pesticide use of the cooperator 
group over time in relation to their peergroup which is all the other tomato 
growers in the county. The analysis starts in 93. BIRC established first contact 
with them in 1994, with field work starting in 1995. In this way diverging trends 
would give insights on the im 
95, the most complete and co rl 

act of the program on the growers. Again for 93 to 
erent set of data on this group including all their 

processing tomato flelds in Yolo, Solano and Sacramento was available. For 96,97 
and 98 only the data from fields in Yolo County were available. Yolo County acreage 
comprise about 60% of the total cooperator acreage. 

rSince the harvested acreage for each grower cooperator from 93 to 98 could not 
be reconstructed, the planted acreage was determined from the PUR data. Each 
field that showed up once for a cooperating grower was counted This assumes 
that any tomato fleld is being sprayed at least once. However, not all the planted 
fields are being harvested In the statistical reports from CDFA on processing 
tomato production the difference between planted and harvested acres is on 
average 1.5%. Also, it was the total tomato acreage of the cooperating grower that 
is analyzed Mthis total acreage about one third was enrolled in BIRC’s 
monitoring program 

The PUR data situation is not fully satisfjltng but should be sufficient to give a basis 
to start a first assessment ofthe impact the program had on the grower 
community. The analysis will be updated as soon as more data comes in. 

The risk assessment is based on the EPAgrou in 
P9 

for tolerance reassessment 
(Federal Register/Vol. 62. No??/Mon., Aug. 4, 99 /Pre-publication copy). 
1 pesticides are organochlorines, organophosphates, carbamates and other 

Group 

probable human carcinogens. These materials pose a risk to humans andthe 
environment through direct toxicity as well as chronic effects. Currentlythe 
effects of endocrine disruption through some ofthese materials is under scrutiny. 
Group 3 pesticides encompass biological pesticides and low hazard-inert 
ingredients. These materials pose a relative low risk for humans and the 
environment since they either are narrow spectrum, targeted only on the pest, 
and/ or break down into non-toxic substances quickly. 

The data on harvested acreage and production for the state and the counties 
comes from the on-line CDFA Statistics Service. 

2I 
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This analysis of insecticide use in processing tomatoes examines use patterns 
according to the risk the active ingredients pose to humans and the environment. 
Of particular interest was the use of narrow spectrum IPM-compatible pesticides. 
This analysis is especially interesting, since IPM programs were developed for this 
crop in the late 80’s and experts from the industry claim that these IPM programs 
have been implemented long ago. 

Only insecticide use was scrutinized in this analysis. It equals about 2 % ofthe 
total active ingredients (AI) used This does not sound like much, but this group 
plso contains the most toxic and disruptive materials. In comparison, sulfur (used 
as a miticide and fungicide in tomato production) often constitutes more than 
50% of the total Ibs ofAI applied in processin 
considered a low risk material and is also use cf 

tomato production, but it is 
as a fertilizer. 

The analysis is based on pounds applied as well as percent acreage sprayed 
Changes in pounds of active ingredients should be seen as specific for a product or 
chemical family. For example the positive impact of rowers who make use of 
reduced ap 

B 
lication rates, which a Bio-Intensive IId 

be detecte 
program might ask for, can 

However, research and development has produced materials that are 
getting more potent and are effective at lower rates per acre. Therefore a overall 
decrease in pounds per acre does not necessarily mean that the fields were 
sprayed less. A figure for percent acreage sprayed above 100% indicates that on 
average fields were treated more than once. 

Since tomato acreage and tomato production have been quite variable over the last 
5 years, the insecticide use is always reported in relation to the crop acreage or 
the crop tonnage. 

Total hsectlcidc U&z 

A look at the pounds of insecticidal active ingredient applied per acre (Fig. 1) 
reveals strong differences between counties and the state. In Solano County about 
a third more insecticides were applied compared to Yolo County or the State of 
California. However, there are no differences in yields between Yolo and Solano 
County (tons/ acre) and the pest problems are similar. 



Fig. 3: Percent Tomato Acreage Treated with High Risk 
(Group 1) Insecticides 

------------------------------------------- 

Currently, Group 2 pesticides are dominated by the pyrethroidesfenvalerate, 
which constitutes more than 95 % by pound or acreage of Group 2. The value of 
synthetic 

i spectrum E 
yrethroids in an IPM program is limited. They generate a broad 
ill-all effect, damaging beneficial populations to a higher degree than 

the OP dtmethoate. However, they are popular when OP resistance shows up in 
pest populations. 

Until 1996 the BIRC cooperators showed the same low use of Group 3 materials as 
other processingtomato growers in Yolo and Solano County. This changed 
drama&ally in 1997 when the % cooperator tomato acreage treated with Group 3 
materials increased from 2% to 13% while the use in Yolo County as a whole 
remained at 2%. Most of the group 3 applications were Bts and to a small part 
experlmental treatments with insecticidal oils and soaps. These applications were 
the direct result of BIRC’sgrower education and recommendations. BIRC put 
special efforts into promoting the use of Bt this year and dedicated one ofthe 
summergrower’s newsletters to this. We also coached our cooperators 
individually on the use of Bt when appropriate. However, the Bt treatments 
dropped a 
Bts in t 199 

ain in 1998. An in detail analysis reveals that the growers who used 
are the same using it in 98. Each of them is satisfied with the 

effectiveness ofBts but had not had that much need for them in 1998. Efforts to 
promote Bts are being continued 



Fig. 4: Percent Tomato Acreage treated with low Risk 
(Group 3) Materials 

An interesting finding was that on a state wide level Bt is fkirly well used [at least 
i if one assumes that fouryear old data is still accurate). However, according to Bt 
sales representatives, there seems to be a North/ South divide, i.e., for some 
reason they cannot sell much of this material in the North. BIRC is determined to 
remind growers that there is an effective alternative for worm control. 

Alltogther these data show a very positive trend among the cooperator group. 
BIRC is certainly not the only cause for their more conservative pesticide use but 
interaction with BIRC’s staff and actual field monitoring through BIRC helped 
growers to go this way. 

So far the analysis only covers the Yolo County cooperator acreage (60% ofthe 
total acreage). The data will be updated as soon as DPR releases the PUR reports 
for 96.97 and 98. 



Feasibility Study of Lacewing Egg Releases 
for Potato Aphid Control in Processing Tomatoes 

G. Wittenbom and W. Olkowski 

Abstract 

This study examined predator prey relationship between the potato aphid 
and the green lacewing in on-f&m field trials in the Sacramento Valley, 
California. Commercial sources of lacewing populations can be established 
with egg releases (at 2 eggs per plant) even when potential egg and larval 
predators like the damsel bug are present Field cages were used to 
measure aphid population growth (mean 17% per day) and aphid 
consumption by lacewing larvae (13 aphids 
conditions a release of 2 lacewing eggs per r 0 

r day). Under these 
aphids should be sufficient to 

control the aphids as long as lacewing mortality after release is not 
excessive. 

i Introduction: 
Processing tomatoes are one of the anchor crops tir Central Vally row 
crop operations. Their production is heavily reliant on high-risk broad- 
spectrum Insecticides (Davis et al. 1998) now under threat of loss due to 
implementation of the Food Quality Protection Act (Federal Register, 1997). 

Most of these insecticides are used on late season pests consisting of the 
Potato Aphid (PA), varicnrs lepidopteran worms and stinkbugs The potato 
aphid, ~?&~f@&~~eq+@~&.&~ is the key species in this complex because it 
occurs at high numbers before the others in the complex On average, late 
season tomato fields in the Sacramento Vally are treated twice for aphids, 
worms, stinkbugs, or any combinations. Frequently used materials am 
dimethoate and methamidophos. Both have been identified by the 
Environmental Protection Agency as ‘risk drivers‘ and belong to a group of 
eight organophosphates (OPs) that accounts for most risk from residues in 
the diet (Classen, 1999). Jfthese materials were taken off the market or 
strongly restricted, growers will most likely switch to synthetic pthroids 
However, pyrethroids can be even more harmful to the natural enemy thuna 
than an OP like dimethoate, triggering secondary outbreaks and in turn 
more treatments. We have observed treatment failures and secondary pest 
outbreaks have been documented @urnham, 1998) with existing materials. 

A cost-effective non-toxic alternative fbr aphid control could change this 
dreary picture. In a preliminary analysis, we compared the merent species 
of commercially available aphid predators for feasibility of releases under 
conventional farm conditions The main criteria used to select amongst 
them were availability of mechanical application techniques, lag time 
between release and feeding mobility, predation rate and price. Lacewings 
scored best in each category (see attachment): 

l Eggs can be applied mechanically (Wunderlich et al., 1998) and hatch 
within a day or two. 
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l Besides aphids the voracious highly mobile larvae eat also worm eggs, 
first instar worm larvae, mites, and other prey, and are tolerant to some 
insecticides 

l The larvae have excellent searching ability but cannot fly away. 
l Green Lacewings, C%..zq~A? urea (eggs and larvae) are commercially 

available in vohmes and at prices making inundative releases feasible. 

Thus, it was concluded that lacewing egg &WE) releases have the best 
potential to be effective in p,mcessing tomatoes. 

However, Rosenheim and Wihoit (Rosenheim et aL 1993) working in cotton, 
have shown hemipteran predators in the genera 22&s A&A& and G&xxx& 
can greatly reduce the effective numbers of released LWE and early LWLS. 
Ge and .2&s are rarely found in tomato fields in the Southern 
Sacramento Valley, but nabids can be quite abundant, especially in more 
mature stands. In addition, tomatoes have a differently formed canopy than 
cotton, and a different predator-prey complex. If releases are made before 

F nabids become common, this source of mortality can be reduced. 

So far lacewing egg releases have not been studied in tomatoes even though 
lacewing larvae are a part of the natural enemy community found in this 
crop. Therefore this pilot study foax ses on the key issues relevant for any 
beneficial release: survival of the released lacewings and their voracity. 

3. Methods: 
3.1 sullrival stu* 

In both studies aphid populations were monitored before and after the release 
with binomial and enumerative methods as follows: 

. 

. 

Aphid Index (AX): aphids are counted on 150 leaflets (underside, 
terminal 5 leaflets of 30 leaves) in the upper and lower canopy of 30 
plants randomly selected in the field The average number of aphids per 
leaflet is then mr ltiplied by the average percentage of aphid infested 
leaflets resulting in the AX. This measurement is thought to provide both 
a density and dispersion combination indicative of potential aphid stress 
to the plant 
UC presence absence method: 30 leaves from 30 randomly taken plants 
are checked for aphid 
from 5 to 13; leaves P 

resence or absence. &eaflets per leaf can vary 
se ected tirn first leaf below the highest flower on 

high growing stems), or taller vine stems 

- Natural enemy populations were monitored wfth ‘shake samples”: 
derived by shaking a plant over a standard cafeteria tray. The specimens 
for each relevant species/ genera are counted. One sample consists of 10 
random sub-samples or tray placements Trays are placed at ground level 
below the canopy on one side of the furrow. Data obtained at this plant 
development stage corresponds to approximately one quarter of a tomato 
plant’s leaves 

The potential aphid predation is assessed using the three following 
measurements: 
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1.) APP (Aphid Predator Power, Tamaki et al. 1974): to determine the 
aphid predator power the number of specimens of each species/ genera 
found in shake samples are weighted according to their relative aphid 
consumption according to Tamaki, 1974: (LBA l 8; LBL, LWL and SYL x 4; 
M, BB, DB, MBPx 1). JLB - ladybeetles, LW - lacewings, SY - syrphids, BB - 
big eyed bugs, Gecoris spp., DB - damsel bugs, Nabis spp; A - adult, L - 
larvae]. The result is then divided by the number of sub-samples. 

Note that AM (Aphid Midges), M (Mu rnmies), and MPB (Minute Pirate Bugs) 
were not described by Tamald et al. 1974. The above multipliers for these 
species were attributed according to whether a species/ genusis an 
aphidophagous or omnivorous predator: higher multipliers are given to 
aphidophagous species. A mummy only indicates the kill of one aphid, so 
parasitoids get a lower multiplier. Tamaki gives ladybeetles, which may not 
be appropriate in this situation. 

i This approach using aphid predator power @PP) has the following 
advantages 
a). Aphid inf&ations are usually accompanied lq a number of different aphid 
predator species. Transforming this complex into one number helps in field 
evaluations and also makes it easier to compare samples from different 
fields 
b). The shake sampling methods lacks precision. The transfbrmation into 
one number compensates for this somewhat. 

2. PPA (is a shortened version ofAP!P/A, which is the ratio ofAphid Predator 
Power &PP), divided by the number of aphids per leaflet (AX). This 
compares the relative strength ofthe aphid predator complex vs. the aphid 

!? 
pulation. It is important to note that the APP is based on shaking of20 to 

0 leaflets (depending on the matu ’ 
(10 are taken per count) while the it? 

of the plant) per individual sample 
is based on one leaflet (150 of them 

from 30 leavesb 
3. M/A QMummies / Aphid): Mummies (M) are found on the leaflets as well 
as in shake samples. Only a portion of mummies &om shake samples 
detaches during shaking so their presence is noted but the counts are 
derived from leaflet samples To calculate the ratio M/A the number of 
mummies per leaflet is divided bry the number of aphids per leaflet 
Dissections of aphids would be a better way to assess parasitism at an earlier 
state, but are costly. 
3.1.1 Lacewing Egg Release near Winters 
This study was a release with a remote control model airplane equipped with a 
cargo bay with a variable-opening slit For the release, the LWE were mixed with 
corn grit as a filler at 2 quarts of corn grit for 25,000 eggs 150,000 LWE occupy 
a voiume of 21 ml. Originally it had been planned to apply the eggs at two 
application rates but high winds made this impossible. 150,000 eggs were 
deployed on a lo-acre section of a tomato field equaling about 2 eggs per plant 

3.1.2 Lacewing Egg Release near Chrkshurg: 
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This study was a replicated manual release of lacewing eg@ from two commercial 
sources and comparing different release rates and is summarized below. The two 
insectaries produce eggs with different rearing methods 

Set up: 
Total trial area: 
Lacewing egg source: 
1 st release: 

2nd release: 

Application method 
Rates 
Treatment key 
Plot size: 
plants) 
Buffer 
Experimental design: 
Sampling 

0.55 acre 
A Beneficial Insectary, B Rincon Vintova 

8/5 morning 
hatch rate: 60 eggs of each source in gelatin capsules 
8/ 12 evening 
hatch rate: on masking tape 
eggs were manually applied with a brush 
1 egg/ plant (-a) 4 eggs/ plant (-b)); no eggs (K) 
2’Aa, 2’ Ah 2’Ba, 2*Bh 4’K - 12 plots 
30 feet wide - 6 rows; 
-> - 257 plants/ plot 

50 feet length (14’ between 

2 rows between the sides and 6 bet at the head 
complete randomized, no stratification 
Aphid Index 12 upper and lower leaves per plot, 
Beneficials 5 shakes per plot 

The data was statistically analyzed with StaMew. The coefficient of variation was 
calculated by dividing the standard deviation by the mean. For the hatch rate 60. 
eggs were taken from each egg sarrce. In the first round they were put into 
gelatin capsules and in the second round they were applied on masking tape A 
yield comparison was performed by randomly weighing the tomato yield of8 one- 
meter long row strips in the release site and 8 random one-meter strips in a 
neighboring field site. 

3.2 Voracity Study: 
Cages placed over tomato branches in conventional tomato fields were used to 
measure predation under realistic conditions Such in-field studies are more 
reliable than laboratory studies for measuring predation since a more direct 
relationship exists between field collected data and its eventual use Three field 
trials were conducted, one with lady beetle adults (&?$jlti m~e@m LWQ 
and two with princi 
vines with 50 to 10 r 

lly Lacewing Larvae (LWL I and LWL II). In each, tomato 

in a ta 
counted aphids and removed volunteer predators were caged 

width r 
red polyester mesh plant sleeve (height 58 cm, top width 19 cm, base 

0 cm; ‘Fiber Air Sleeve’, I&en Test Products) (Cisneros et al. 1997, 
Rosenheim et al. 1993). The initial number of aphids was chosen so introduced 
predators cou Id feed unrestricted fbr a nu mber of days. 

Cages were then assigned randomly to the treatments consisting of enclosures 
with and withw t one predator for different time intervals (l-3 days). 
were sealed with tape and stapled at the top and at the base. 

The cages 
Each treatment had 

flve replications 
-The data was transformed into daily growth rates (4. The growth rates were 
calculated two ways (Tamaki, 1974): [a - aphid number. a, - aphid number at first 
day, n = number of days; In = natural log) 

(1) one day trials average of all ratios q = a,,/ a, 
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(2) multiple day trials: q - e O”(an/“l))/n 

As an approximation of aphid consumption by the predators the average number of 
aphids in the predator treatments was subtracted from the average number of 
aphids without a predator (last day data). 
with StatView. 

The statistical analysis was performed 

The predator sources were same day field catches for the LRA and LWL I studies. 
In the LWL II study third instar larvae were purchased from a commercial 
insectary and pre-fed with aphids prior to release into the field cages. Pre- 
feeding was to control for starvation and feeding differences amongst the 
delivered larvae. 
4. Results and Discussion: 

4.1 In-Field Survival Study 
4.1.1 Release near Winters 
The LWE were ap lied when the aphid infestation was at 93% leaves 

lb. i infested (fruit bu I@ (see Figure 1). A 50% infestation had been reached 
15 days prior to this (early fruit set). 
days before the release. 

The AX stagnated at about 1.0 for 7 

on 7/ 9. 
The rest of the field was sprayed with dimethoate 

The Al?P rose strongly after the release while the AX remained at 
about one fbr another 10 days before the aphid population steeply declined 
(at first pink). The ratio PP/ A started climbing when the aphids where still 
at their plateau. The ratio of M/ A rose steeply 10 days later, shortly adter 
the aphid decline. It takes about 5 days fmm parasitoid egg deposition to 
the development of a black or tan mummy (two parasitoid spedes are 
present: Epncdrus ca..!foorofcussd &&ht~~s c&naxurL 

Figure 1. Comparison ofPotato Aphid Population Sampling Methods and 
Measures of Predatory Activity, After a Release of Commercially Produced 
Lacewing Eggs, Sacramento Valley, California, 1998. 

Fig. 1: Relation betne4&‘Mbased presence absence 
enumerative aphid monltoirng in tomatoes for 1997 

1998 

aphids per leaflet 
J 

The LWL started ap 
or 

aring in shake samples 3 days after the release and 
where found at m erate numbers f’or the following 15 days (see Figure 2). 
Damsel bugs (nabids) were present at the same time in increasing numbers 
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LBA were present at moderate numbers. Aphid mummy counts grew 
exponentially peaking on the 22 of July. 

Figure 2. Natural Enemy Counts After the Release of Commercially Produced 
Lacewing Eggs, Sacramento Valley, California, 1998. 

Fig. 2: Relation betwemased presence absence 
enumerative aphid monitoring in tomatoes for 1997 

1998 

5.00 10.00 

aphlds per leaflet 

Due to the numerous other aphid predators it is difficult to assign an exact 
amount of aphid reduction to the LWE release Also, the maturation of the 
crop will have played a role in aphid decline. However, from looking at 
other fields under similar conditions a major aphid outbreak wfthwt the 
LWE would have been highly likely. Although this release was made under 
sub optimal conditions it appeared to be effective. Further work with this 
method of release is warranted 

4.1.2 Release ty Clarksburg 
The hatch rate for the lacewing eggs was 2% for batch A and 22% for batch 
B. Since the lacewing larvae finds in the field were also negligible a second 
release was r-formed. For the second release the hatch rates were 68% 
for A and 55 tit for B Use of gelatin capsules for egg hatching probably 
compromised the first hatching assessment Gelatin capsules may hasten 
egg drylng. The use of masking tape in the second assessment does not 
have this limitation. 
The lacewing cants from the field sampling were tested for dependency on 
the ap lication rate. No si nificant relationshi was detected. The mean 
over a i sampling data for $I B e high rate was 0. 8, low rate 0.75, and control 
0.50 lacewing larvae per shake From this it was concluded that plots had 
been too small to keep the treatments separate considering the high 
mobilfty of the larvae. 

The factors date, insectary, and release rate were tested against damsel bug 
count, aphid index and aphid predator power. Only the differences due to 
the factor date proved to be significant. The data exhibited high coefficients 
of variance, averaging for the aphid predator power 57% and for the aphid 
index 72% 
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For further analysis all sampling data was averaged per sampling date. The 
pest and predator population dynamics are shown in Figure 3. The aphid 
population peak precedes the predator population peak by about 4 days 
The peak population grows well beyond the threshold at an aphid index of 
one. Ladybeetle and lacewing larvae data are weighed with the same 
multiplier that was used for the aphid predator power. 
relative im 

In this way their 

constitut efr 
ct of the predator power is apparent. The lacewing larvae 

less than a l/ 3 of the total predator power. The main predator 
species were ladybeetle adults and their larvae. The aphid population 
declined while aphid predators were present at high numbers and 
increasing Figure 3. 

Fig. 3: Relation between Aphid Index ; 
enumerative aphid data for 1997 and 1 

/ 
II 

15.00 

10.00 
1 I @Ax 

% 

5.00 

0.00 
0.00 5.00 10.00 

aphids per leaflet 

15.00 

Figure 3. 

Table 1 shows that damsel bugs and the released lacewing larvae can coexist 
A regression analysis did not reveal any significant correlation between the 
two. The fleld harbored a high vohnteer ladybeetle population, which is 
somewhat unusual, since these beetles normally aestivate in the Sierra 
Nevada’s Resident non-aestivating H. convergens are not well studied and 
whether they are as effective in consuming aphids as thy are in other 
regions remains a question for further work 
the larva feed to grow. 

However, they do lay eggs and 
The field had also a strong spider population. 

Unfortunately the aphid consumption by spiders is unknown for this region. 

The daily growth rates ofthe aphid population indicate a very strong growth 
of 1.29 fbr the time just before the second lacewing release Thereafter, the 
aphid population declines first slowly and later still, with increasing 
momentum This occurs parallel to high predator numbrs and increasing 
maturity of the tomato crop. The grow&h rates have a c-dent of variation 
of less than 20% Enclosures in the same fleld with aphids exhibited a daily 
growth rate of 1.05 between August 15 and 17. 

The above aphid growth rates are based on aphid counts by leaflet. Since 
the number of leaves per vine increases until fruit ripening a part of the 
aphid population growth goes unnoticed with this sampling method during 
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the vegetational growth of the plants However, it can suddenly become 
apparent when the vegetational growth stops and the aphid population 
growth continues. 

Table 1. Potato Aphid Predators by Date and Plant Stage, 1998, Sacramento 
Valley, California 

S I 0 I 0.4 I -.-- I I.“?5 -_ -- I 1.43 
’ I 0 I 2.8 I nd I 2.37 I 2.98 I 6.73 I 4.713 I ii’; -. -12 2.82 

AX nd nd 0.45 nd 2.06 iii52 i:ti 0.78 0.02 
q@X) nd nd nd nd 1.29 0.98 0.95 0.92 
A/LL nd nd 1.10 nd 3.45 2.82 2.16 t-ii 
PPA nd nd nd 2.16 0.87 2-m 2.17 14.38 -. -- 
I%LA+I27%/53%1 nd 1 nd 1 

-_-. I 
93% I -cl- I 

Natural enemy data: average ecu nt per shake: sum 
1 --- I nd I nd I nd 1 ipie consists of 10 shakes or cafeteria tray positions 

The natuml aphid enemies were an important factor in reducing the aphid 
population. The released lacewlng larvae are most likely the factor that 
tipped the scale toward aphid decline. Urdortunately the first release did 
not petiorm and the second release was conducted when the aphids had 
reached a population size this number of lacewing larvae could not control. 
However, since other beneflcials were present firther aphid growth was 
prevented 
The overall yield ofthe field was with 28 tons per acre, somewhat lower 
than the statewide average of 32 t/ ac. 
suffering from a late blight infestation. 

Besides insect pests the crop was also 
The rest ofthe field was sprayed on 

August 17 with dimethoate. A yield comparison between the tomatoes in 
the release area vs an adjacent fleld section showed no significant yield 
difference (17.94 lbs per one-meter strip in LWL release vs. 16.56 Ibs per 
one-meter strip in the sprayed section) at a coe$ficient ofvariation of27% 
The pesticide treatment was too late to make a difference since both field 
sections had comparable aphid presence patterns. 

4.2 Voracity Study: 
Table 1 summaria es the findings that are of importance for planning a 
lacewing egg release as well as assessing the potential for aphid control 
through resident beneficials A one factor ANOVA showed that the aphid 
growth rates were significantly reduced b the predators (mean aphid 
growth rate without predator 1.17. mean growth rate with predator: 
Differences between predators (LWL and LDA) were not significant (p = 

0.83). 

.OOO 1, Scheffe F-test). The coet&ients of variation were below 20% 
Tamakl et al, (1974) fbund an average daily growth rate for green peach 
aphid in potato of 1.14 with a CV of4% 
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Table 2. Daily Potato Aphid Growth Rates (q] and Consumption by Predators, 
Processing Tomatoes (var. 3155, Sacramento Valley, 1998) 

[w - with; w/o = without PAnpotato aphid, LBA=lady bird adult, LWLslacewing larvae, 

i 

PA growth rates without predators indicate no correlation with the time in the 
year but a strong decrease with the maturity of the tomato plant. For the variety 
3155, the PA population growth dropped to minimal increases at l-5% red fruit. 
This has to be confhmed with additional multiple day studies. 

A literature review results in the foIlawing predation rates 

The lacewing larvae results are in the same range as the literature indicates 
whereas the ladybird beetle data was lower. The present study indicates that the 
last LRL and LWL instars have a similar aphid consumption rate. Lanral aphid 
consumption w LWL 2nd stage vs. 3rd stage suggest that a predator power 
multiplier averaging over the larval stages seems appropriate as a baseline This 
finding certainly needs confirmation with further work The one aphid midge 
CAM) value is also qutie interesting since it places AM larvae on par with the better 
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known and observed lacewing and ladybeetle predators. Further study with more 
replications is needed for confirmation. 

The main challenge ofthe trials was to keep the enclosures sealed as second 
instar lacewing larvae had a strong tendency to escape. This was not a 
problem for the relatively larger IBA Another potential for error are other 
aphid predators getting into the cage either by being overlooked initially or 
by moving in later. When such cages were found at “harvest- they were 
excluded from further analysis 

To improve the understanding of predator releases two simplifying models 
were constructed based on the data from this study. In Figure 4 the 
calculated feeding rate was kept constant at 13 aphids per day, This 
scenario flts the needs of a voracity assessment of a resident beneficial 
population of lacewing larvae wtth a stable aphid consumption. The aphids 
are set at a medium population growth of 17% a day. Under these 
conditions an initial 

i initial population of r 
pulation of 50 aphids disappear in 8 days but an 

were consumed 
5 aphids remains even though in both cases 130 aphids 

If the aphid population growth is high instead of medium 
the estimate of the initial population has to be more accurate. In this case 
the difference in size between a controllable and a non-controllable initial 
population decreases. 

Figure 4. 

Effect of Different Potato Aphid (PA) / Predator Rat& 
Population Dynamics. constant feeding rate 

-SOPA+lLWL 

I 
0 5 10 15 

w= 
PA growth rate - 1.17: aDhid consumotion: dailv - 13. total = 130 

In the Figure 5 the feeding rate is variable: zero consumption on the first day and a 
linear increase in consumption thereafter. The total aphid consumption is kept 
the same at 130 aphids and a medium aphid population growth rate of 17% daily 
is chosen. This is a model that relates, for example, to lacewing egg releases the 
aphid consumption starts at zero and increases from there. Exact feeding rate 
curves for lacewing eggs from egg to g-day old larvae under field conditfons have 
not been published. Evidently, differences in feeding rates in the first days would 
produce the biggest differences in regards to final aphid control. Under the 
chosen conditions 1.5 lacewing eggs are needed to control the aphids within 10 
days. At higher aphid growth rates more lacewing larvae would be needed. 
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Figure 5. 

Effect of Increasin 
% Aphid (P 

Feeding Rate of Predators on 1 
) Population Dynamics 

0 5 10 15 
&YS 

PAgrowth rate - 1.17, aphid consumption total - 130 

l feed rate 

F Conchsions: To arrive at a successful application rate for a beneficial release the 
following factors have to be assessed: inittal pest population and its growth rate as 
well as knowledge of potential predator egg hatch, predator survival in the field 
and predator voradty. 

A lacewing release has to be performed at an ear& aphid infestation stage to be 
effective. A precise and accurate method for aphid monitoring is the presence 
absence method on leaflet basis These preliminary results suggest starting 
releases at about 50 PA per plant (approximately 25% aphid positive leaflets). 
This allows for some PA population growth during the time while the released LW 
eggs are completing incubation and hatching. The other advantage for early 
release is that there are less general predators present that could eat released LW 
eggs and young LW larvae. A release rate of two eggs per tomato plant can be 
adopted as an interim working level, allowing for some LW egg and early larval 
mortality. This release rate assumes the remaining larvae will eat 130 aphids in 
10 days. At the usual number of8,OOO plants per acre this would be 16,000 e@ 
per acre. Prices for small 

Y 
purchases are $1.50 for 1,000 eggs, for large 

purchases prices can go as ow as $0.75/ 1,000. Therefore, the per ac price would 
range from $12 to $24 exclusive of application costs 
conventional insecticide costs. 

This is in the range of 
Reductions in predator mortality could further 

reduce the number of LW eg@ needed, making releases more cost effective 

These preliminary studies provide data supporting feasibiliv of inductive LW 
releases. Further work, hmever is needed with improved methods for 
sealing cages, other predators, and more replicates. In addition, evaluation 
of naturally occurring predators is needed to incorporate predation rates 
into pest threshold guidelines Naturally occurring predation is not yet 
incorporated in the existing treatment guidelines now being used. 
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BlFUYs IdSeason lkwsletter for Late 
Season Processing Tomato Growers 

This newsletter is a continuation of the ‘Report to 
the Grower’, produced for the previous 2 seasons 
as part of the Reference Field Monitoring Project 
for processing tomatoes. 1998 support for this 
project comes from the Heller, Cracker, and C.S. 
Mott Foundations, EPA Region 9, CA Dept. of 
Pesticide Regulation and the Bio Integral Resource 
Center (BIRC). The newsletter is issued during the 
latter part of the processing tomato season when 
most insecticides are applied. The principle pests 
during this time are potato aphids, stink bugs and 
worms. 

Highlights of the 1997 Season 

TestiqyLeast-Torricilhtedab 
l Perhaps the most important thing we learned 

in 97 was that effective alternative materials 
for potato aphid control exist. However, 
application equipment traditionally used for 
conventional, insecticides, with their fuming 
action, will get unreliable results when used to 
deliver an alternative contact insecticide. Field 
tests demonstrated inadequate leaf coverage. 

One alternative material that does work with 
conventional equipment is Bt for worms. Last 
season we monitored two successful Bt air 
applications for armyworm control. Available 
for worm control for many years, recently 
manufacturers have SubstantialIy improved 
formulations. Bt is the best material for worms 
because it is selective and does no damage to 
natural enemies. . 

rnocu- Releases of Nazmzz ErwmiAm 
l In 1997 we monitored a number of fields where 

aphid infestations were controlled by natural 
enemies. In two cases this was aided by 
inoculative releases of natural enemies. 

Possible Aphid Redstunce 
l Overall, 1997 was a bad aphid year, with a 

season advanced by 2 weeks or more. Natural 
enemies in general were low to virtually non- 
existent in many fields. Fields near wild hill 
areas were exceptions with good natural 
enemies. But many other gelds were devoid of 
natural enemies. About 80% of our 
cooperator’s fields were treated. Some fields 
were sprayed up to 3 times. Part of this 
probably due to resistance. Avoiding early 
treatment allows time to see if treatment is 
necessary. There also were secondary 
outbreaks of leaf miners. These observations 
show importance of finding least-toxic 
alternatives. 

Aphidqmlds 
l Last season showed again that tomato plants 

can take a substantial amount of abuse from 
potato aphids and still have a high yield. One 
field planted with cultivar 8892 produced 4Ot/ 
acre after an aphid leaf infestation of more than 
60% had been sustained for over 2 weeks. The 
aphids reached an aphid index (AX) of 2, which 
is twice the level at which we normally 
recommend treatment. Some cultivars such as 
Alta would show serious damage at this level, 
particularly during fruit bulking. This 40t/ac 
field growing 8892 was certified organic. Back 
when it was managed conventionally it 
produced an average yield of 30t/ acre. 

Pestkide Ube Pattenu of BIRC Coqmubs 
l A preliminary analysis of pesticide use patterns 

indicates that BIRC’s grower cooperators used 
substantially less organophosphate and 
pyrethroid materials and substantial more least 
toxic materials (Bts, botanicals, oils, and soaps) 
than their peers in Yolo county. BIRC 
experienced increased interest and cooperation 
from growers and their PCA’s in 97 over prior 
years. 



Program for 1998 
Based on last season’s experience, we will continue 
using ‘aphid-counting” rather than 
‘presence/absence” to decide upon treatment. In 
the early stages of an aphid infestation, monitoring 
for presence or absence of aphids on 15 or 30 
leaves works line. However, when the infestation 
goes beyond 60%, actual aphid numbers make all 
the difference in helping to decide whether to treat, 
tolerate, or come back and sample again in 3 days. 
This is especially the case when the aphid 
numbers decline due to plant maturity or 
beneficial insects. 

The presence/absence approach is not sensitive 
enough to record when the total number of aphids 
starts declining. If this trend is promptly 
recognized, it can help avoid unnecessary 
treatments. It may indicate that aphids are 
coming under biological control. 

r 

b!tb~ojr~~ls 
The time to treat is when aphid numbers are 
building and natural enemies will not catch pest 
growth in time to prevent intolerable damage. The 
main difficulty is in evaluating the natural enemies 
likely impact. When the outcome is uncertain, 
using lacewings, other natural enemies, or a 
selective aphicide is appropriate. 

The big question with aphid natural enemies is: 
how much appetite do they have? Fortunately 
there are some research papers on the subject. 
From these we hope to develop a system to help 
with decision-making. One approach is to assign 
the predators a value based upon how many 
aphids they can consume in a day or over the span 
of their life stage. We are working on this problem 
this season. 

We are experimenting with different technologies 
for release of lacewing eggs. These are produced 
by a number of commercial insectaries. The eggs 
should be released just before hatching. 
Compared to the release of other beneflcials, 
lacewing eggs have the following advantages: 
. can be applied by air or ground . 
l larvae are mobile and active searchers 
l lag time is only 1 to 3 days (time from 

application to 1st aphid catch) 
. active in the field 12 days before entering the 

non-feeding pupal stage 
. 100 - 600 aphids consumed during larval stage 

(between hatching and pupating). 
l price: $0.75 to $2.00 per 1000 eggs 

In theory, lacewings can be cost effective. At a leaf 
infestation level of SO%, one lacewing larvae per 
plant should suffice to take care of the problem, 
Since there are 8,000 tomato plants per ac., early 
releases of 10,000 eggs /ac. are desirable. 
However, losses at hatching, application and 
during predation make it necessary to release at 
least 50% more. 
We are experimenting with application by a remote 
control airplane outfitted with a compartment to 
hold eggs and a switch to open the unit during 
flight. Timing made necessary the frst release of 
150,000 eggs to 10 previously-untreated acres 
during relatively high winds. The rest of the field 
was treated with dimethoate. 

The remote-control plane is not the equivalent of a 
crop duster. It is very light and cannot fly close to 
the ground in high winds. Given the strong 
breezes, it was not feasible to accurately place 
50,000 eggs on one 4 ac plot and 100,000 eggs on 
an adjacent 4 ac. The next application to evaluate 
different release rates will need to be made to 
different field section, far enough separated to 
prevent drift of eggs between plots. 
This plane application method has been pioneered 
by Morgan Bpwen of Bo-Biotrol, a Merced based 

(209-384-2 130) which distributes 
~~$~~ insects. The costs of applying the eggs 
for this first attempt was $1.501 1,000 eggs and 
$100 for the pilot, or $l/ac for over 100 ac. We 
expect to reduce costs by learning to apply optimal 
rates of eggs. Although our pilot made the flying 
seem easy he did stress how much attention it 
takes to operate the plane. Morgan Bowen, who is 
supporting the development of this application 
method, emphasized this, also. A number of 
planes crashed during the early stages of Bo- 
Biotrol’s development effort. 

4liwmUBRlwmn 

This season we hope to work with advanced 
sprayer technology that improves coverage. Air 
boom sprayers and electrostatic sprayers seem to 
be the best candidates for this. 
The Thermo-Trilogy Corp. has increased the 
concentration of their Neemix@ product from the 
previous 0.5% to 4.5%, an almost 10 fold increase. 
This material is primarily an insect growth 
regulator and needs to be applied repeatedly to 
cover new plant and insect growth. More than 
1000 acres were treated last year in fresh market 
areas in Southern California. These applications 
wcrc made 3 or more times by ground about a 
week apart. 

(Continued on beck pa@ 
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Growers who are interested in applying this 
material to small acreage should contact us, as we 
have donated material. The plan is to combine 
Neemix@ and Trilogy@ (also from Thermo-Trilogy) 
which is an oil based product that helps Neemix@ 
absorb into the leaf. It also improves its residual 
life on the plant. 

Aphid Ujtadate 

As of July 22, aphids are starting to build. 
Apparently this year’s low temperatures kept 
reproductive rates of the pest at a low level. The 
wet spring improved wild plant growth, and 
natural enemies are more abundant than in ‘97. 
By July 22ed, of the 58 fields we monitor, 9 were 
treated with insecticides and 1 had a lacewing 
release. More growers seem to be using 
dimethoate without the addition of Asana@ 
(esfenvalerate). This is good since it is less likely to 
cause new problems. 

This ye& many fields have reduced yield prospects 
because of early severe late blight and bacterial 
speck infections. In addition, money spent on 
disease treatments reduced the remaining amount 
of money in the pesticide budget. This means that 

ColIaborative Processinn Tomato Proiect 
William Olkowski. Technical Director 
Gisela Wittenbom. Proiect Manager 

BIRC Field Station: Skv High Ranch 
3524 Dianer Pine Ridge 

Winters, CA 95694 

the economic threshold for late season insect 
treatments should be somewhat higher than usual 
(i.e. economically prudent to tolerate. more aphids 
or worms). 
This raises the question of how strong the yield 
response of the tomato plant is when under 
multiple stresses vs. just one. The general rule is 
treatments for one pest under otherwise optimal 
conditions result in highest yield and greatest cost 
effectiveness. 
In a situation of multiple stresses, the cost 
effectiveness of controlling any single stress factor 
is not going to be as good, since the overall yield is 
lowered by other factors. Unfortunately, there are 
no specific sets of data on tomatoes regarding this 
subject. This leaves the decision-making an art 
(mix of experience and intuition) instead of a 
science. 

For additional information, contact: 
William OIkowski, Lit. W MO2335 
Gisela Wittenbom, Llc. # AA04 124 

Office: 530-795-2322; Fax: 530/795-03 13 

. . 
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BIRC’S In-Season Newsletter for 
Late Season Processing Tomato Growers 

Will 1998 Be A Fmitworm Year? 
The 1998 season is beginning with more fruitworm 
egg finds than in the last 3 years we have been field 
sampling. Since the weather has been unusual, 
these finds may signal parallel changes in the insect 
communities. The increased planting of corn and 
cotton may also be a factor, since the fruitworm also 
attacks corn and cotton (and peppers). The same 
insect is called the tomato fruitworm. cotton lx& 
worm and corn earworm. 

Sampling Method Being Used 
We are using the UC method to determine the 
number of fruitworm eggs. We begin sampling at 
least 25 steps into the field and in at least 25 rows 
from any comer. This avoids the “edge effect”. Thirty 
leaves are selected at random within an area of the 
field. The leaves are selected by ftrst looking for a leaf 
and flower which stands out above all the others, 
and then selecting the leaf below the highest open 
flower. 

Ignore Small Damaged Green Fruit 
Weekly sampling starts when there is a significant 
number of green fruits one inch in diameter (2.5 cm). 
Smaller infested green fruit will fall from the plant 
before harvest. The plant compensates, maintaining 
its fruit biomass. 

Recognizing Fruitworm eggs 
When a single white egg with 12 or more distinct 
ridges radiating from the top is found it is recorded 
as a fruitworm egg. (See Figure 1, next page). 
Distinguished these from the flatter, more rotund 
looper eggs, usually laid lower on the vine. 

Black Eggs Arc Ibrasitized 
After 24 hours fruitworm eggs develop a reddish 
brown ring. If the eggs are black they have a 
developing Zr..&q@?~ prril/crarm mlniwasp 
inside. These tiny insects mate and lay their eggs 
inside the eggs of fruitworms, loopers, homworms 
and closely related moths. The ratio of black and 
whitefmitworm eggs indicates if treatment is needed 

Wait Two Days For Accurate Count 
Take white eggs into the lab/office in a vial and wait 
two days. Some field collected whlte eggs will turn 
black. These black eggs need to be added to the field 
data to obtain an accurate picture of parasitoid 
presence. Parasitoid presence will indicate if treat- 
ment is economically justified. Check the following 
table to see if treatment is needed 

From UC web slte at http//www.Ipmucdavkedu.) 

How To Use The Table 
If no black eggs are seen, and three or more eggs are 
found, sample another 30 leaves, then sample again 
in 3-4 days. If five or more eggs are found, treat. 

If You Treat. Use BT 
We recommend use of Bt since it is selective and will 
not disturb existing natural controls. It can be used 
right up to harvest. There is no reentry interval and 
it is non-toxic to people. Use of Bt will reduce Ilkell- 
hood that another spray will be needed for secondary 
pests like leaf miners. Secondary pests arise when 
their natural enemles are killed by a previous treat- 
ment for another pest. 

Peak Periods of FarasBtoid Egg Laying 
In a normal year peak egg laying by the parasitoid 
occurs in late August or early September. Thereafter 
parasitism will rise above 90% in many fields. Crops 
maturing before peak egg laying should be examined 
for egg parasitism as small larvae can enter fruit. 
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! Field 75 reached the UC control threshold around the 1st of Julv and the BIRC one aroui the -7 18th ofJuly. The grower opted for a conventional treatment. How&er. with the repeated aphid 
! treatments from the lastyear in mind, he also wanted to try something new and left 10 acres 
i unsprayed 
I ! Considering the already existing beneficial population in the field BIRC suggested to tty a 
i lacewing egg release on the untreated section. On July 15 lacewing eggs were released with a 
i remote control ah-plane at a rate of approximately 2 eggs per plant. 

The aphid predator and parasitoid counts increased strongly after this. 
! lacewing larvae. lady bird beetle and parasitic wasps (black mummies). 

Main species were the 

I 
( After the 22 ofJuly the aphid numbers started to drop and are now well below the treatment level 
I 
/ 
while the ratio of aphid numbers to aphld predators is still rising. The data shows again that the 
presence absence method (UC 96) was not able to detect this strong decline in aphid numbers, 

i since still most of the leaves have aphids present but at very low numbers. 

As you sea, the uc:luul uphid r~irrrdwrs (AX) ure oh u sl 
A , percentage (UC) Is still remaining at a high level. At t 

r~lflourll tlecllrie while the presence rlhseric 
e same tlme the natural enemies of the 

) aphids have also peaked out. However the ratio of natural enemies to aphids is still increasing. 
I This indicates that the aphids are disappearing more rapidly than their natural enemies. 
I- -~ -.-- --_-____ J 



Co@ Su rfaced Damage 
Larger larvae can eat large chunks out of fruit. 
However, any damage that heals with a corky 
surface is not scored as damage. 

For color pictures of these parasitized eggs see the 
newly revised U.C Statewide Project. 1998. Inte- 
grated Pest Management For Tomatoes (4th edi- 
tion) UC ANR Publication 3270. You can also 
connect and download pictures and other infor- 
mation about tomato pests from the UC web site 
at http://www.ipm.ucdavis.edu. 

Sample Potato Aphids At The Same Time 
If one aphid is found anywhere on the leaf, that 
leaf is scored positive. In the past, UC recom- 
mended treatment when 50% of the leaves are 
scored positive. In our opinion this leads to 
treatment too soon with harm to natural enemies 
in the fleld. The revised edition of the tomato IPM 
manual suggests treatment be considered when 
60% or higher are found to be positive on suscep- 
tible cultivars. This still probably does not go far 
enough. 

Loopers arc Bcneficld 
Loopers only feed on vegetation and do not dam- 
age fruit. They should be regarded as sources of 
natural enemies since many species which attack 
it also attack other worm pests. A single looper 
egg, for example, will provide food for many egg 
parasitoids which then can attack the more 
serious fruitworm. If larval looper populations get 
extremely high, and you fear excessive leaf loss, 
treat with Bt. 

There are 3 ways to handle the late season potato 
aphid problem on processing tomatoes: 1) treat 
without regard for natural enemies, 2) treat when 
natural enemies are few and will not adequately 
suppress the aphid population, and 3) import 
additional natural enemies. The first option is not 
economical and will iead to insecticide resistance 
and an ever-changing need to find new insecti- 
cides. It requires the least investment in monitor- 
ing and is most commonly used. The second 
option is being pursued by the staff of this proJect. 
The third will be discussed further in another 
issue. 

In order to use option 2 and 3, one needs to be 
able to identify and understand the role of each of 
the natural enemles found in tomato fields. The 
following provides an introduction to the most 
important species or groups of natural enemies 

along wtth some generalizations about their 
biology and behavior. We will provide more 
information about natural enemies in future 
issues. 

Predators 
It is convenient to divide the natural enemies into 
three groups: predators, pathogens, and parasi- 
toids. Predators consume their prey leaving no or 
little residue. They usually eat ,more than one 
prey in a single meal, and are generally larger 
than their prey. Ladybeetles are the most impor- 
tant aphid predators in tomatoes. 

Pathogens 
Pathogens are microbes which cause disease. 
They can spread rapidly though a pest population. 
Many individual microbes are needed to kill a 
single prey. Gaining entrance through the skin, 
mouth or other openings, they take time to debili- 
tate and flnally kill their host. This spring pro- 
vided many opportunities to see fungal-killed 
aphids These become discolored, appearing light 
brown. Push the aphid with a pencil tip and you 
will see it is dead 

Life Cycle Of Tricl 

lbmsitoids 
The term parasitoid refers to a large group of 
species which has characteristics of both preda- 
tors and pathogens. They are unappreciated, 
poorly studied and important in biological control. 
Most parasitoids are related to bees, ants and 
wasps In the order hymenoptera. They are some- 
times called ‘miniwasps” to distinguish them from 
yellowjackets and other larger fear-inducing 
insects, commonly referred to “wasps”. 

Continued on back page 



Miniwasp parasitoids seldom have common names. 
They are usually smaller than their prey. The flying 
adu It females lay eggs on or in the host, piercing the 
pest’s skin with a sharp ovipositor. The worm-like 
larvae that hatch consume the pest. Since parasi- 
toids kill their host rather than debilitate it over a 
long period, they operate like predators rather than 
a true parasites. 

Potato Aphld Parasitoids 
There are two parasitoids attacking the potato 
aphid, AJ&&JS a&w& and E’phednrs a?&Yo~~tirr. 
The former produces brown, discolored dead aphids, 
called mummies, encased in the old aphid skin. 
The latter produces black mummies. The brown 
mummies occur mostly in the inner canopy. The 
blackonesmayoccur anywhere, but favorthe outer 
canopy. We have made observations suggesting 
that fields with low aphid numbers (~50% leaf 
infestations), with mu mmles visible, may not have 
to be treated Usually their aphid indexes remain 
below 2. However, further observations are needed 

William Olkowskf, Lic.# 02335 
Gisela Wittenbom, Llc. #AA04124 

Office: 530-795-2322; Fax: 530/ 795-03 13 

The Bio-Integral Resource Center 
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FRumvoRMs 
No further eggs were found during the past week. 
Monitoring is continuing. 

This season, 10 growers have enrolled a total of 46 
fields in the cooperative program, approximately 
2500 acres. 

There is often more than one cultivar in a field Each 
cultivar, plus the 10 acres in the lacewing-release 
treatment, is monitored as a separate field section. 
A total of 65 field sections are being monitored. 
These field sections include 17 different cultivars. 

Treatments / Action Levels 
As of Augu st 4, twenty of these field sections, (3 l%), 
had been treated with conventional insecticides. 
Nineteen of those were treated too soon, i.e. before 
the action level was reached (Insecticides used 
were dimethoate (Cygona), Asanaa, Monitor@, Am- 
bush@, and LannatecE- singly or in combination). 

Of the fields already treated by that date, ten, or 
50%. were treated before the U.C. action level was 
reached (U.C. action level: 50% of 30 leaves 
infested with at least one aphid) 

Of the remaining 10 field sections treated, 9 were 
treated before they reached the BIRC action level. 
One field section had reached the BIRC action level. 
(BlRC action level: 1 aphid per leaflet, 150 leaflet 
sample). 

Forty five field sections continue to be monitored, 
includingtheonethatwassuccessfullytreatedwith 
u lucewing release delivered by P small-scale, re- 
mote controlled airplane. For more information on 
the fleld treated with lacewings. see Page 3. 

Why Not Treat Early3 
Treating too soon with conventional insecticides can 
waste money, increase the speed at which pests 
develop resistance to insecticides. Premature treat- 
ments also may cause further problems in this or 
futureseasons bykillingnaturalenemiesofthepest, 
potential other pests in the same crop, or in other 
crops. EWCW, s&!&e XU~IW&I&S cy /~WW 
wi~~ea~rr/rirrlplll/fu~~~~. 

Can You Save Money By Hiring An 
Independent Pest Control Advisor? 
Treatment recommendations are usually provided 
to the grower at no direct cost by pesticide and . 
fertilizer distributors. K&y wwI..- want t29py 
aainde~~de~~poP/~ad~~~? 

Upon request, a hired PCA can give you detailed 
monitoring, counting natural enemies along with 
pests. This can actually save you money. Detailed 
monitoring will eliminate unnecessary (premature) 
treatments by alertingyou to situations where natu- 
ral enemies are catching up to the pests. 

Won’t cost of detailed montiorlng equal the 
amount you seve? No, our studies show this 
kind of monitoring is cost effective. 

For three years, we have been monitoring apprcod- 
mately 3000 acres each year of late-season process- 
ing tomatoes in Yolo, Solano, and Sacramento Coun- 
ties. Even in 1997, which was the worst aphid 
scasw siuco 1995, when we started monltorlrq$ 11 
was economically Justified to monitor using BIRC’s 
met hods. 



BIRC’s Field Sampling Method 
The BIEK! system of monltorlng natural enemies as 
well as the target pest is called Bio-Intensive. This 
method combines the UC system and additional 
counts, enabling estimates of aphid densities and 
extent of total vegetation tnfested. We use an aphid 
index (AX) to summarize our findings. At the level of 
1, roughly one aphid per leaflet, we recommend 
considering treatment. 

Cost/2?emfit JD2u&s~for Stb- 
Intensive .Mmitming 
Our calculations include only the late season pestz 
and the fact that pest infestations vary from field tc 
field with a range of severity. Therefore, when you 
hire a PCA to monitor your fields he or she will no1 
need to visit every fleld every week all season. 

We also use “shake” samples based on research of 
UCD entomologist Frank Zalom and associates. 
Developed primarily for sampling stink bugs, we also 
use it for worms and natural enemies. Thus, we 
count leaves infested, aphid numbers, and natural 
enemy numbers, and get data usefu 1 for deciding on 
treatments for aphids, stinkbugs and worms. 

This is a list of the natural enemies observed and 
recorded with thts type of monitortng: c 
Leaf Counts include: Shake samples include 
aphids stinkbugs 
aphid mummies worms 
aphid gall midges aphid mummies 

ladybeetle adu Its, larvae 
lacewing larvae 
syrphid larvae 
aphid midge larvae 
minute pirate bugs 
big-eyed bugs 
damsel bugs 
spiders 

[J. C. Recommended Monitoring System 
UC is recommending use of a sampling system 
Initially designed to detect fruitworm eggs and 
adapted for aphid sampling. This system only 
:ou nts the leaves infested If one aphid is found on 
:he 7-l 1 or so leaflets on a sampled leaf it is scored 
IS an infested leaf. When 15 out of 30 leaves are 
nfested the recommendation is to treat. These trials 
vere done with the highly aphid-susceptible variety 
alta, not representative of other varieties. This 
reatment level tsusuallytoo low unless the field has 
I poor natural enemy level, then it is useful as an 
:arly inexpensive indicator. This method does not 
sample natural enemies. 

What Are the Justifications and Disadvantages 
)f the U. C. Monitoring System? 
iu ch presence-absence sampling is ju stified by sav- 
ng monitoring time, hence minimizes costs of col- 
ecting the information needed to make a decision. 
[he goal is a good decision which mlnlmlzes costs of 
:ollecting the information. But the critical informa- 
ion missing from the UC method Is estimates of 
ratural enemy numbers. Lack of this information 
:an lead to premature treatments. 

Situation E standard procedure, grower does na 
pay for monitoring 
Situation IL1 bio- intensive monitoring, i.e. monitor 
lng costs in addition to treatment costs 

Example: Grower has 500 acres of late seasor 
tomatoes in ten 50-acre fields. 
Dimethoate -$12.25 (includes air application) 
Pyrethroid$ - $19.25 (includes air application) 
Extra cost for intensive monitoring per field - $15.0( 
(50 acre field) 

Situation I - 65% of planted acreage treated witi 
dlmethoate - $3,98 1: 65% of planted acreage treater 
with pyrethroid - $6,256. TOTAL COST $10,237. 
Situation II- 35% of planted acreage treated with 
dimethoate - $2,205; 30% of planted acreage 
treated with pyrethroid - $2,288: 70% monitored 7 
times - $735; 30% monitored 10 times - $450. 
TO’FAC COST $5678 
Intensive monitoring saves $4559. 

. 2-c 
Situation I - 50% of planted acreage treated with 
dlmethoate - TOTAL COS’E $3,063. 
Situation II - 30% of planted acreage treated with 
dimethoate - $1,838. 70% monitored 10 times - 
$1,050. 30% monitored 7 times - $3 15 Monitoring 
costs - $1,365. TOTAL COST $3,203. 
Under low aphid pressure. intensive monitor- 
ing costs $140. more. 

curl..C&&?& if the average year is somewhere 
between a high and low aphid pressure year, then 
the grower who does intensive monitoring saves 
money. Also, intensive monitoring reveals stinkbug 
and worm problems Further, reduced use of 
insecticides reduces development of insecticide re- 
sistance, and reduceduse of broad spectrum insec- 
ticides prevents secondary pest outbreaks. 

@mver an4flPCJl fee&a& on tfiis andiysis is 
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date 

Am- 
number 
of predators 
per shake. 
PP/A - 
predator 
power 
divided by 
aphid 
numbers. 

leld 75 reached the U.C. threshold around the 1st 
f July, and the BIRC level around the 8th of July. 
he grower opted for a conventional treatment. 
owever, with the repeated aphid treatments from 
re last year in mind, he also wanted to try some- 
ring new and left 10 acres unsprayed 

onsidering the already existing beneficial popula- 
on in the field, BIRC suggested tlying a lacewing 
lg release on the untreated section. On July 15 
.cewing eggs were released with a remote control 
rplane at a rate of approximately 2 eggs per plant. 

The aphid predator and parasitoid cwnts increased 
strongly after this. The main natural enemy species 
were lacewing larvae, ladybird beetles and parasitic 
wasps (black mummies). 

After July 22 the aphid numbers started to drop and 
are now (Aug 13) well below the treatment level. The 
ratio of predators to aphids is still rising. 

The data shows again that the U.C. presence ab- 
sence method was not able to detect this strong 
decline in aphid numbers 

As M&i As you Ever Wanted%0 Xnow Ahut Samwings - AndNore! 
Common Sckpntinr # EppJ Fmnmk Spcelrtcr Eaa (d) l.arvre or Pupro <d) Adult <d) Notrr 
NAmr NAme _._--e--m Nwhaa cd> 
Green cz&roprr& 200- loo0 (5). Any Davolopmmt 

(“;04 
2-3 WaaAu (10). lO<S). IO- 2O-40&y* tolrrr9ttt 

I.mccwinp cam.4 sgpr on rilken Tirnr I2 dry= (5). 14 (IO) Cypoa rt4 
(GL) rtrllu youm~ lrrvw (21 

wrcptlbb to 
dollccrtioa ( 10) 

lirrcyok under 4 Diet NA rrrhllr. ml- NA honaydow. Do not 
wrrkm when thrlpr. wbitflkr. aretar. -PPaY 
w.rttt. 2 to 3 moth ry~l SC lar- pollea peuak6dcw 
#ganrrrhBtu par vu, krrtttilwtn wlthln 3-4 

yrrr (3) pgr (10) wrrkm (41 
Aphid NA d hour (4). NA ROIIO f0PP-r 
Conmumptkn 100-600 (10) lbngAcidel 

I I I 

1 
-- I 

(Numbers in parentheses are references 
I - I 

- available upon request) 
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Field A6 - Sprayed Too Early (Near Woodland) 

1%Jun 25Jun 5-Jul 15Jul 25-Jul 4-Aug 
date 

1 

L-AX 
+A PF 
-a- PPIP 
&UC 

FieldA6. While last year growers had a tendencyto Thegrowerwatchedthisforawhile, butthen lost his 
spray somewhat late, this year growers sprayed patience. Even though the aphid populaUon showed 
early, at an aphid pressure substantially lower than the first signs of a decline, the grower decided to 
in 1997. The aphid population in this field climbed spray anyway, on August 4. 
above the UC control threshold at 50% aphid posi- 
tive leaves. Meanwhile, the BIRC counts (Ax) did not In case of doubt about a treatment, it is a good idea 
reach the action threshold of AX - 1. The field had to leave a portion of the field untreated, conUnue to 
also a very active community of aphid eaters, espy- monitor and compare the yield in the end The BIRC 
cially ladybeetles, and parasitoid mummies. team will be happy to assist with this task 

in the chart above, APP = number of predators pot shake IWlLzm Ohws~~ PCa# 02335 
and relative number of aphids eaten. FT/A is predator Giseh Wittenbm PCA# 3C404izq 
power divldcd by aphid numbers L--- Office: 530-795-2322; .fJizx: 530/7g5-0313 

w I 

B”IeRoC 
The Bio-Integral Resource Center 
Collaborative Processing Tomato Project 

William Olkowski, Technical Director 
Gesela Wittenbom, Project Manager 
BJRC Field Statlon: Sky High Ranch 

3524 Digger Pine Ridge 
Winters, CA 95694 

A non-proflt membership instltu Uon provldlng ticatlon and research on Integrated pest management 
- 

errmers receive 



jJfirougli the 7iiato-Vine 
vocg No4 

Percent Field Scctlons Treated To Date 
Overall by Aug. 21, thirty fteld sections have been 
treated out of 52 being monHored (30/52 - 58%). 
This compares with 31% treated up to Aug. 4. 
Of the thirty treated field sections, 16 correspond to 
the U.C. or BIRC thresholds (16/30 - 53%). 

Frultwna Rohlems Md Not Materlalke 
Initially we found fruitworm eggs in our 30-leaf 
samples. Fortunately, problems did not develop. 
~eseffrst~swereproba~]aidbyaduItsmatur- 
ing from ovenvlnterlng larvae. Since eggs were 
present, but no outbreak of caterpfflars has so far 
materlahzed, we assume this species ls under blo- 
loglcal control. FN~~WOITII is not the problem lt was 
years ago. Now armyworms needwatching 

Some Growers Treat Too Early 
She the last newsletter 8/ 14 (vol. 3, No.3)growen 
have demonstrated a httle more confidence in monf- 
torlng rather than rushing to preventative treat- 
ments. Nevertheless, in the mtcnral since that 
report, there have been examples of extremely early 
treatments, and also treatments for worms not 
matched ty actual quantitatfve sampling results 

For example, Grower 10 (field 100, variety 3155, 
north ofSacramento)treatedwhenthemeasuredUC 
sample indtcated almost no aphids present (13% 
aphid infested leaves out of 30 leaves sampled) See 
Chart A, below. There are other examp!es of fields 
beingspraysdalthoughvlrtually noaphidsorworms 
were present In quantifkd samples. 

Chart A - Treatment of Aphid Population 
Much Below U.C. Action Threshold, 

s Pest Poxurlation Was Droq&g Still Further 

-, recommended for treatment by U.C. 

did not rise above 20%. were 
tmated 
with 
Ambush@ 
on 

Dates lo-Jul 170Jul 24-Jul 31-Jul 7-Aug 13-Aug 
-maudonnart~ 



Fortunately, there also were appropriate responses 
to monltorln~ data, see Chart B (Grower 5. field MB. 

erating growers there 1s a wide range of responses to 
insect pest threats. De&ion to use pesticides varlcs 

t variety 3155ynorth of Woodland). Among cur coo& by fark. In about half the cases, keatment Is nol 
related to action thresholds. 

Chart B - An Untreated Field 
Comparlng UC’s Leaf Infestatlon Level and 

BIRC’s Aphid Index 

1 .oo 
0.90 
0.80 
0.70 
0.60 
0.50 
0.40 
0.30 
0.20 
0.10 
0.00 

46 Leaves infested dross from I 
almost 90% to just bd0w the 

threshold of 50% 

Aphid density % distribution 
(-Aphld Index orAI) never 
reaches the threshold of 100 

E’reventsthe Treatments Are Cody 
It Is understandable that preventative treatments 
ocarrconsiderlngallthefadorsag~errrnrstthink 
about in producing a crop pest control is only one 
among many considerations, A single treatment of 
one material by alr is comparatively lnexpenslve. 
However, costs increase when one early, unneces- 
sary, treatment leads to additional treatments be- 
causeofnaturalenemyMlL Seriousproblemsoccur 
when materials are lost due to resistance develop 
ment. 

hreYauusingnM3 
Application of EJM thinking and methods occurs 
whengrowersaimtosavemoney~uslngprantffled 
pampIes and tbresbolds for treatment actions. We 
Fresented evidence in the last issue showing that 
rovings can accm e if treatment thresholds are used. 
Ihe final question Is: will gruwcrs use IPM meth- 
xls to put money In their pockets or invest It In 
‘Insurance’ treatments of dubbus value? 

Worm Control with Bt’s 
3t praiucts are now the state-of-the-art altkma- 
;Ive to organophosphate- and mrold-based 
naterlals for worm controL 

he benefits of Bt use are: 

Effective control of worm (caterpillar) pests at 
costs comparable to conventional hsecticides 

l Prtservation of natural enemy populations to 
assist in pest control and suppress secondary 
P-f-Y= 

l Improved management of pest reslstana to 
insectlcldes. Using insecticides with different 
modes of action slows resistance development 

l Safety. Bt haslow mammalian toadcity, a short 
re-entry and pre-harvest intewal, and therefore, 
low liability for the user. 

San Joaquln Valley GrouwrsAhead 
So far growers tn the Sacramento Valley have been 
shv to use Bt’s. According to DPR’s Pesticide Use 
Reports, as well asBt sales representatives, growen 
ln the San Joaquln Valley are using substantially 
more Bt for worm controL 

Big Changes In Bt Formulations 
Five years ago Bt’s were not very reliable. However, 
Men&e work on making the product competitive 
has now paid off. The Bt products now available are 
notiimitedtoonetaodnbutcancontainuptothree 
bio-engineered tapdns. New formuIat!ons have lm- 
proved coverage and persistence ln the field Some 
praiucts use an encapsulation system that lengtb- 
ens effective residual life 7-10 days. 

Currently the wide variety of Bt products on the 
market can cover nearly any slturtlon. il wocms are 
still ln early instars (small larvae), the inexpensive 
products will be effective. The more sophisticated 



formu latlons, costing slightly more, also kill later sleeve cage are a known numbers of aphids. Preda- 
instars and problem worms such as armyworms 
Thls wlder spectrum of actlvlty, and Increased po- 
tency is due to the use of multiple toxins ln a single 
product. 

The Worms Stop Eating 
Bt toxtns do not kill immediately. Although St111 
present and appearing unharmed, the caterpillar 
larvae stop eating shortly after they eat the Bt 
residue on the leaf. Over the next one to five days, 
the larva’s digestive system 1s dlsru pted, resulting In 
starvation and death. 

Durfng monltorlng after Bt spray, BIRC field staff 
has been collecting live caterplllars and putting 
them lnto containers with leaves. So far they have all 
died. This is a testyou can doyourself lfyou want 
to check on Bt spray efficacy. 

Coiipemtlng Growers Satwed With B& RemIts 
So far, our cooperatinggrowers are all fully satisfteci 
with results of their Bt treatments targeted at army- 
worms, fruitworms and cutworms. 

Predator Power Field Studies 
Natural enemies of the potato aphld in tomatoes are 
important in aphid ControL However, a literature 
search did not uncover data descrlblng qantitative 
prey/ predator relattonships on this crop To !n- 
crease effectiveness and rellabflity of our beneficial 
counts and beneficial releases, we startedfleld stud- 
ies to determine how many potato aphids different 
predators eat on processing tomatoes We are 
looking at naturally occurring as well as released, 
natural enemies. 

Encioarres Confine Aphids and Predators 
We are using “sleeve cages” enclosing vine stems 
One stem per plant is enclosed. Each sleeve cage 
enclosure is white gauze, 22 x 8 x14 inches, In each 

tors are &leased randomly In half of tie enclosures 

How Fast Does The Population GroH 
What Is the effectiveness of the different predator 
species at decreasing potato aphid numbers’? We 
are measuring the growth rate of aphids with and 
wlthout natural enemies under actual field condi- 
tions in the Sacramento Valley. 

Review of eariy flndlngs 
One trial involved lady beetle adults (LBA). In the 
morning, the aphids on ten stem were counted and 
adJusted to 50 to 70 aphids each. Five predator 
specimens were collected from the field and one 
each was placed In randomly selected enclosures. 
Twenty four hours later the trial was teIminated as 
the field was treated. The sleeves were removed and 
aphids counted. 

The average population growth rate of the aphids 
without predators was 1.24 aphids (124%). With a 
predatorpresentthegrowthdmppedtoO.&ZaphIds 
(84%) in the same number of hours. On average, the 
LBA consumed 26 aphids on that day. This is a 
relatively low number for predator effectiveness 
The temperatures were high (100” F.). LBA reduce 
their feeding activity at high temperatures while 
aphids Increase their reproductive rate. 

Release Natural Enemies Early 
Chart C shows the consequences at sfx days 
using the above growth rates. The aphid popula- 
tion without a predator quadrupled in this time. 
Wltb the predator, the aphid population was cut 
substantially. But once the aphid population is 
large, !t takes too long for predators to reduce It to 
tolerable numbers Natural enemies must he 
released early In the season, while aphid popula- 
Uons are low, to be satisfacto~. 

Chart C 
Population Dynamics of Potato Aphids 
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IAybeet1es 
There are about 400 ladybeetle species In North 
America. The species vary In thelr preferred prey. 
The convergent ladybeetle, Ii?@xxYe& aa~~e@e~ 
1s the most common In tomato fields. Both adults 
and larvae are highly visible when they occur. We 
occasionally have seen another species In the toma- 
toes. but It 1s not common. 
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The convergent ladybeetle ls the popular lac&bceUe of 
commerce. The species name l convergcns. refers to 
the two lines converging on the second body segment, 
the thorax Just behind the adult head 

Don’t Count On The Dots 
Thewell-recognlzeddotson thewlngcoversmayvary 
In numbers or may be missing. The eggs are orange 
and laid in a group, standing up on leaf surface. The 
lantae are black with orange spots and also feed on 
aphids. Adults needwater, and feed on pollens, some 
fungi and honeydew as well as aphids and possibly 
other small insect species and occasionally eggs 

-hcfk?n OLbvs&i& Tcw 02335 
GiseGz Witten6~ TCA#AAo4124 
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Table 1. shows once agaln that wasteful pesticide 
appllcatlons can be avoided by the monitoring 
method we are recommending. 

Use the faster U.C.‘presence/absence’ sampling 
only up to the 50% infestation level. Then switch to 
uslng the aphid index (AX). The aphld index takes 
natural enemy presence into consideration. This 
can make all the difference in accurate prediction of 
treatment threshold 

Grower M. (North of Woodland) 
The fleld shown in Table 1 is an example of an aphid 
infestation that was distributed evenly throughout 
the entire field The presence/ absence sampilng 
method (UC) shows that after July 20 (during fruit 
bulking) most of the leaves had at least one aphid 
However, aphid cwnts (AX- aphid index) show the 
actual aphid numbers stayed fairly low. This is why 
we suggest to growers and FCA’s to use the pres- 

tion level. Thereafter, it ls important to knowwhether 
further increases In aphid numbers occur in order to 
determine If treatment ls desired 

Spraying can be delayed until an AX of 1 is reached. 
This gives the beneficial insects a chance to develop 
and also provlde more time for the plant to grow out 
of its aphid-supporting stage. The latterwasthe case 
in this field The field had beneficial insects but at 
relatively low numbers. The collapse of the aphid 
population occurred when 50% of the tomatoes had 
turned red 

Our working hypothesis is that the aphid resistance 
of tomatoes increases wlth crop development stage 
after the susceptible fruit bulking stage. The more 
mature the plant gets the less they match the food 
requirements of the aphids. The strength of this 
resistance and the stage when it develops varies b 
tomato variety. Nitrogen fertihzation levels most 
likely also increases aphid growth but field evidence 

ence/ absence method only up to the 50% lnfesta- for this association is only theoretical at present 

2.00 - 100% 

Table 1. 4 
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__t__ AX - aphid index aphld counts from 150 randomly selected leaflets from 30 

A 
randomly selected plants (plotted from thG left axis). 

APP - number of aphid predators shaken from 10 randomly selected plants (left axis). 
__~f__ UC - number of positive infested leaflets out of thirty randomly selected leaves 

on 30 randomlv selected dants I~lotted on rl@ht axis). 
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Parasitoids Of The Potato Aphid 
Parasltolds are parasite-like natural enemies. They 
dlff er from true parasites in that they kill their host 
Adu It aphid parasitolds are minute flying insects 
related to bees. Like bees they are easily damaged by 
conventional pestlcldes. 

Parasitoid Eggs Are Laid Within The Aphid 
After mating the adult female parasltold searches 
for aphids among the foliage. She lays a single egg 
wlthin each aphid she finds. One adult parasltold 
can lay many eggs. The egg hatches and the larval 
parasltolds eat the aphid from the inside. As it dies 
the aphld mu mmifles - becomes a stiff shell, usually 
changing color. The colors vary according to the 
species of parasltold that has killed the aphid 

Learn To Spot The Emergence Hole 
Wh,en fully developed, the larvae makes it’s cocoon 
within orjust beneath the aphld Within the cocoon 
it metamorphoses into the adult mini-wasp When 
the change 1s complete, it eats a hole In the aphid 
mummy and flies away to flnd a mate and lay eggs in 
more aphids. Figure 1 shows a colony of aphids that 
has been mu mmlfied by larval wasp parasltolds. The 
holes tell you that the wasps have alreacty left to find 
more aphids. These holes are usuallyvlsiblewlthout 
a magnifying glass. 

Fig. 1 Aphid mummies showing emergence holes 

l-he Advantage Of Host-Specifkity 
The most valuable parasitolds are host-specific. 
That means they can continue to exist only If they 
find the species necessary for thelr sunflval. Thus 
they continue to search for and parasltlze their 
specific aphids even when there are very few left 
alive. Parasltoids that are not so host-specific are 
apt to move on to another aphid species when one 
species becomes less plentiful. 

They do not have the same Impact that the host- 
specific parasitoid do. The parasitoids we have on 
the Potato Aphid falls in this latter category. In this 
sense they function more like the adult ladybeetle 
which can also eat more than one species of prey and 
may fly off if the aphids become scarce. 

Two Potato Aphid -toids 
There are two parasltolcls attacking the potato aphid 
in Northern California, but they are not effective 
throughout the area. The parasitoid that produces 
a black mummy, E@e&ws G&YM~~&Q is probably 
native to California. The other parasltoid, A,c&/i&a 
&zuZ makes a brown mummy. It has only 
moved over to the potato aphid in recent years and 
its identification needs to be confirmed. 

Biolo@cal Control Efforts 
Our observations in the Sacramento Valley tomato 
flelds indicate that the predatory insects are more 
effective than the parasitoids currently found here. 
Never-the-less, the parasitolds do contribute some 
additional pest suppression. The best &rate@ for 
enhancing biological control in the Valley tomato 
fields 1s to use chemical controls only when and 
where pest population size and natural enemy counts 
indicate that they are necessary. Then, to choose 
materials and timing that will be least-damaging to 
the natural enemies. In addition, early augmenta- 
tive releases of lacewings appear to be effect&e. 
Planting field borders with flowering plants that 
provide nectar and pollen for the beneficials is also 
desirable. 

The Alfalfa connection 
As the parasltoid, E czr&fmnkzlris known to attack 
the pea aphid in alfalfa fields, insecticide use in 
alfalfa can affect the presence of this natural enemy 
in tomatoes. Ideally pest control would be carried 
out from the perspective of all the crops beinggrown 
in a region, rather than piecemeal as it is now. At the 
least a whole-farm approach would be deslrable. 
But at present, even this 1s usually found only on 
organic enterprises. 

Fig 2. A parestiid placing its egg wlthln an aphid 

Pme 2 



REFERENCE FIELD MONITORING IMAS? 1998 
10 growers have enrolled a total of 46 fields in the cooperative pro- 

gram approximately 2500 acres. 

_ . -. . ..” ..-. ^ ._, 

Time To Plan Cover Crops 
through holes made by earthworms and other soil 

Cover crops are an investment for the future. Your organisms. The result Is deep drainage for the 
single most important capital is your soil, Soil overflow, which than recharges the aquifer. The end 
health is the key to crop performance. Pampering result is that you can get on your ground earlier in 
the soil once in a while pays off in the form of the spring. You also can keep more water in the 
tangibles such as reduced need for nitrogen fertil- valley instead of sending it alongwith your valuable 
izer. It also pays off in improved soil structure top soil on the fastest way to the ocean through 
(breaking up of compaction from heavy farm ma- ditches and rivers. 
chinery, etc.), better water infiltration and reduc- 
tion of top soil erosion. Early Fall-Planted Cover Crops 

Late summer-early fail-planted cover crops add 
The Soil As A Sponge organic matter to your field The necessa ry irrlga- 
A healthy well structured, non compacted soil acts tion provides water at a time where other fields are 
like a sponge. Instead of having standing water on dry. UC research in the Sustainable Agriculture 
top of your field after a winter rain, it inflltrates into Farming Systems (SAFS) project has shown that 
the soil. Some water is held in the pore space this specific difference supplies you with extra nu- 
between soil particles. Some water is drained trients in the spring. 



Cover CrOps - Contionued from previous page. 

Here Is How They Work Flail Mow And Incorporate In Spring. 
Water, organicmatterandwarmtemperaturesboost 
the soil microbial life in late summer and early fall. 
The soil microbes use residual nitrogen from the 
preceding crop as fuel for processing organic matter 
and to multiply. This has the extra beneflt of 
preserving nitrogen through the winter from leach- 
ing and denitrification. In the spring mlcrobe- 
eating nematodes feed on this rich microbial food 
supply and provide your plants with digested nutri- 
ents. 

This mix is designed for soils poor in organic matter. 
The grass thrives on residual nitrogen and provides 
a lot of rwghage while the legumes fix nitrogen from 
the air. In most cases this mix grows so well that is 
will smother any germinating weeds. However, if 
weeds are threatening to set seeds, mow before they 
do so. Otherwise, the biomass can be flail mowed in 
spring and incorporated with a disk or plow. Ycu 
should plan at least two weeks between incorpora- 
tion and planting/ seeding of the following crop, 

ThesAFsMix Avoid Herbicides 
At the SAFS project the following summer cover We strongly advise against using herbicides to kill 
crop mix is planted: the cover crop. It is an unnecessary expenditure 
15 lb. Sorghum Sudan grass Flail chopping and disktngwilltake care ofwhatever 
30 lb, cowpeas growth there is. In addition, herbicides can have 
30 lb. Lablab adverse effects on the microbial life in the soil and 

threaten the whole investment. 
Lablab is expensive and difficult to get and can be 
replaced by 10 - 15 lb. of vetch. 
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1998 Summary 
Late Season PWts 

The early season was exceptionally cool and wet with 
serious late blight problems. By late season the 
weather pattern normalized somewhat. The prin- 
ciple late season pest problem is the potato aphid, 
but stink bugs and worms can also trigger treat- 
ments. 

Over the last two seasons we closely monitored late 
yearsfields(harvestedafterSeptember 1)of about10 
cooperators totaling 3,000 acres. Most flelds har- 
vested before this date should not have to be treated 
for aphids, worms or stinkbugs. The most signifi- 
cant change observed from 1997 to 1998 is the 
switch from late treatments in ‘97 to early treat- 
ments in ‘98 (Table 1). 

Table 1: First Late Season Insecticide 
Applications’ in Relation to Action 

Thresholds-, 1997 vs 98. (96 of fields). 

1 Treatment [ 1997 1 1998 [ 

* Potato aphids, worms, stinkbugs 
I* UC’s level: 50% leaves infested with one aphid 

BIRC’s level: one aphid per leaflet 

Whereas in 1997 41% of the fields were treated 
at a pest infestation level well above any action 
threshold, in 1998, 36% of the fields were 
treated well before any threshold was reached 
Note that for the non-treated flelds the data 
remained the same in the two seasons - 12% as 

did those fields where treatments occurred when 
the UC threshold was reached (14 to15%). 

No botanicals were used in 1998 as no cooperator 
could meet the specifications laid down by the 
producer of the neem oil products we evaluated in 
previous seasons (1. e., Neemix@). These specifica- 
tions were 2-3 ground treatments about one 
week apart, roughly what has been worktng for 
fresh market tomatoes 

The Cooperators’ average yield was 30 tons per 
acre in 1998, 2.6 tons more than in 1997. The 
main reason for this yield increase is the reduction 
in late insecticide treatments We recommend 
against late treatments. 

Those who treated early had to treat their fields 
up to four times. Frequent treatments destroy the 
beneficial fauna and also accelerated the develop 
ment of insecticide resistant pest strains. 

BIRC is working on the development of cost effec- 
tive releases of natural enemies against aphids in 
order to avoid such undesirable consequences. 
Bt’s have already proven their effectiveness for 
worms without causing resistance or disruptions 
of natural controls. However, unlike fresh market 
tomato growers, processing tomato growers have 
been slow to adopt this more advanced pesticide 
technology. 

Why The Shift To Early Treatment ? 
Early treatments are those which occur before the 
U.C threshold The BIRC threshold is C&Zqz&I 
per AG&&I!/M lQU%hA&t~eskk# Late treat- 
ments are those well above the BIRC level. See 
previous newsletters in this series for further 
explanations of this level. 

We think the shift to early, premature treatment is 
occurring for a number of reasons including 

1) insurance mentality dominating decision- 
maldn 

2) lack of good methods for monitorin 
& 3) confusion about treatment thresh0 ds, 

4) late adaptation to unstable weather patterns 
because of lack of monitoring. 

These reasons are discussed further below. u 
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Response to Unstable Weather 
Unstable weather and the inability of growers to 
adapt with suitable strategies is one of the prin- 
ciple ways farmers are stressed and driven out of 
business. Stress in this context is psychological 
and economic. This is evident from US experf- 
ences over the last few years with massive flood- 
ing in the mid-west and local stresses from hail 
storm damage and excessive rainfall. 

In 1997 the hot dry season brwght about high 
early aphid populations with few natural enemies. 
The result was first a late response and then, in 
‘98, a too early response. 

The delay in making applications occurred 
because the aphid populations were two weeks 
early and virtually without natural enemies in 
many fields Low natural enemy populations 
occurred from lack of spring rams which normally 
produce good sized aphid populations in non- 
crop and early season crops. These early aphid 
populations are the food sources for predators 
and parasitoids which later help control late 
season potato aphids 

In 1997 growers who apply by ground could not 
get materials on fast enough to all the flelds 
needing treatment in the reduced treatment time 
window. The queue for aerial treatments was too 
long for some growers who watched aphid popula- 
tions grow exponentially above already known 
excessive levels before finally getting their treat- 
ments on. 

ln 1998, with a cool wet spring, the opposite 
occurred Although the early season disease 
pressure was high necessitating repeated fungal 
and bacterial suppression, natural enemies of 
insect pests were also high earlier than normal. 
Since natural enemies are not part of the moni- 
toring system used by most growers and their 
PCA’s, worries over erratic weather and high 
early pest control costs rsulted in additional 
insurance treatments The balance sheets for the 
‘98 season are going to be hard to take. The few 
organic growers, on the other hand, seem to be 
doing well with tomatoes Some smart conven- 
tional growers are avoidlng late season tomatoes, 
altogether. 

Good Monitoring = IPIE 
Apropriate Response To Unstable Conditions 
Cenulne IPM uses a quantitative sampling system 
that is accurate and precise, and includes natural 
enemies to determine IF’ and WHEN treatments 
are needed 

The ACTION LEVEL is the pest population level at 
which treatments are applied If treatments are 
needed a least toxic treatment method should be 
used first. Just walking the fields and decrding 
upon treatments without quantitative sam- 
pling is not PM. A brief walk in a fleld can be 
called scouting but this should not be confused 
with IPM. 

At present, excepting a few conscientious grow- 
ers, in the counties we have been monitoring 
decision-making in late season processing toma- 
toes seems to rest almost entirely on casual 
scouting reports The use of scouting is a good 
starting place to build upon toward IPM. How- 
ever, the reluctance to adopt more beneficial- 
insect-sparing technologies is also an important 
missing component. 

Genuine IPM could be an important part in 
grower response to weather instability. The 
grower’s footprint in the field is not enough. The 
footprints, yes, but also pencil and paper. Quan- 
tification forces precision. Learning from the 
results leads to accuracy, and eventually to a risk 
reducing FM. 
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Threshold Confusion Leads to Insur- 
ance Applications 
Some growers and FCA’s may be confused by the 
50% Action Level recommended by UC extension. 
Although we have adapted this treatment level to 
time mass release of lacewings as an interim 
procedure, we do not recommend using this 
threshold because it does not include any natural 
enemy assessment. Although fast and easy, it 
leads to premature treatments which, eventually, 
will lead to insecticide resistance and later to 
treatment failures 

The first signs of resistance will be multiple 
treatments where previously single treatments 
were sufficient. Shifts to new insecticides and 
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combinations are also signs. In fact, that is what 
is currently happening. With the use of Am- 
bush@, sometimes in combination with other 
materials, widespread insect resistance cw ld be 
near. Ambush@ a pyrethroid, may also lead to 
secondary pest problems. Pyrethroids, in general, 
have a reputation for causing secondary pests. 

Where Can Growers Go From Herd? 
Forming a grower-run Cooperative to hire and 
manage an independent pest control advisory 
service would be ideal at this stage, since PM 
development in processing tomatoes is a pioneer- 
ing effort from the viewpoint of existing IPM 
independents. A successful model exists in the 
form of the Fillmore Citrus Cooperative, estab- 
lished in 1922 and still going. 

Ingeneral, PM is further advanced in fruits and 
nuts than in field and row crops It only takes a 
couple of progressive growers to start breaking 
out of the rut in each crop. 

There is no reason why a grower could not learn 
to do his/ her own monitoring or to hire their own 
scout who can learn the systems we have devel- 
oped Graduate students at the agricultural 
colleges might be suitable since they car Id also 
do some applied research on biology and control 
and could use the support. 

Although we have only worked at developing an 
IPM system for late season processing tomatces 
since 1994, ours is the only written and tested 
series of experiences in this crop in the Sacra- 
mento area. We are developing a manual to 
document what we have learned 

Green Labeling Can Help 
IPM Implementation 

Green labeling programs are being started in 
many crops to market produce grown according to 
environmental standards. Usually these are based 
on IPJM systems. The green label development is 
patterned after Organic Labeling or certification 
programs, which are growing exponentially. Both 
approaches set production standards resulting in 
easily identifiable labels for consumers who pay a 
premium for a ‘better, less environmentall- 
drynaging product”. Grower’s benefit with greater 
returns to compensate them for the higher costs 
of production specified by the certified or IPM 
programs. 

A Green Labeling Program for processing toma- 

toes could use cover crops, PM monitoring and 
treatment guidelines, least-toxic insecticides like 
Bt for worm control, and slower release fertilfiers, 
for example. Growers could choose from a menu 
of options getting a score for each option adopted 
A minimum score wou Id permit marketing under 
the label. This is the way some of the existing 
“green labeling” programs are now operating for 
example: “Fish Friendly”, ‘Salmon Safe”, and 
‘Califomia Clean Growers”. 

Market researchers (Hartman Group) estimate 
that 48% of the American population is interested 
in purchasing environmentally friendly products. 
At the same time, growers have an increasing 
interest in reducing pollution. 

The drawback is that currently very few consum- 
ers know what IPM stands for. However, studies 
do indicate that after proper education, 
consumer’s verbal commitment to buy IPM prod- 
ucts increased, including the willingness to pay a 
10% premium These kind of market surveys are 
certainly no guarantee of being able to sell a new 
product but they show there are potentially 
significant numbers of buyers for this kind of 
product if it is marketed right. 

The main issues are the credibility of the certiflca- 
tion program and how to measure the positive 
impact it is supposed to produce. In response, 
growers and supermarket chains have Joined with 
Land Grant Universities and environmental 
organ~ations. Programs go along with University 
lPh4 programs or specifically state they are bi* 
intensive IPM based. 

The Central Coast Vineyard Team has developed a 
very interesting approach. A grcup of growers, 
extension agents, university afflliates and private 
consultants generated a detailed positive point 
system Divided into different categories like soil 
management, water management, pest manage- 
ment etc., growers achieve points according to 
the environmental Mendhness of the growing 
methods chosen. The involvement of the growers 
in the process guarantees that every method is 
going to get practical scrutiny regarding the 
points allocated. This approach allows for maxi- 
mum flexibility. 

Cornell University in Upstate New York claims 
IPM certified growers attain a 50% pesticide use 
reduction. This Is certainly possible in processing 
tomatoes in Southern Sacramento Co. based on a 
recent pesticide use analysis BIRC conducted 
We compared EM program cooperators with their . -3 



county peers in Yolo County. The result was an 
approximately 50% use reduction in the coopera- 
tor group compared with the average pesticide 
usage. This was without the incentives of higher 
retu rnsl 

Green labeling programs have their critics. Some 
conventional growers contend that there is no 
harm done using pesticides since they are all 
EPA approved This does not account for the fact 
that legally used pesticides are contaminatfng 
ground and surface waters 

On the other end of the spectrum organic mar- 
keters see IF?M labeling as a marketing scheme 
that is trying to cash in on their pioneer work 
The important thing is that labels and informa- 
tional leaflets clearly state what the program is 
going to deliver. Organic produce is still a minor 
part of the market and may remain so into the 
future. 

Another criticism is that people feel squeamish 
about talking about pesticides at the point of 
sale. However, consumers disturbed by the 
thought of pesticides are probably already buy- 
ing organic The remaining 95% of the consum- 

ers will make a decision based on personal values 
and their budget as to whether they want to buy 
this new product Product information certainly 
results in a diversification of the market but does 
not have to be divisive. In those terms biointensive 
IPM labels result in a value-added product 

New marketing strategies are most appealing to 
innovative individuals who are looking out for 
opportunities that will enhance their market 
position in a sustainable way. 

For further information about green labeling 
programs consult the websites below 
l www. nysaes. Cornell. edu: 80/ ipmnet/ 

indyintrahtml 
. www.scsl.com/ 

l www.pmacnet/lfsalef.htm 

l www.pmacnet/ potatoipmhtm 
l www.pmac.net/ipm.markhtm 
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