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Perimeter Trap Cropping for Squash and Cucumbers

T. Jude Boucher
University of Connecticut Cooperative Extension System
24 Hyde Avenue, Vernon, CT 06066
jude.boucher@uconn.edu

Definition & Function
Webster’s Dictionary (Guralnik 1980) defines “perimeter” as “the outer boundary of a figure or area” and
as “a boundary strip where defenses are set up.”

Perimeter trap cropping (PTC) involves planting a more attractive trap crop so that it completely encircles
and protects the main cash crop like fortress walls. The effectiveness of this trap crop system can usually
be improved by adding other perimeter defenses, such as border sprays or with biological, mechanical and
cultural controls.

Perimeter trap cropping functions by intercepting pest migration, regardless of the direction of attack. It
then concentrates the pest population(s) in the border area, where they can be retained or Killed, thus
preserving natural enemies and reducing disease spread in the main crop. When installing this system on
your own farm, it helps to think of PTC as a “poisoned fence.”

Introduction

Cucumber beetles damage cucurbit plants mainly as young seedlings between the cotyledon and third true
leaf stage. Seedlings are very susceptible to defoliation, stem feeding and water loss, and direct feeding
can Kill young plants or cause the loss of an entire field. The young seedling stage is also when the plants
are most susceptible to infection by the bacterial wilt pathogen: another significant mortality factor spread
by the beetles. Beetles can also help spread powdery mildew, black rot, Fusarium and some viruses.
Managing cucumber beetle populations is crucial for cucurbit production. Until recently, cucumber
beetle control was limited to long distance crop rotation, row covers (if practical) or chemical treatments.

In 2001, we began investigating PTC as an alternative control strategy for managing cucumber beetles
and bacterial wilt on summer squash. We were looking for a simple system, that could control multiple
pests, reduce pesticide use, improve crop quality, increase farm profitability and lead to greater adoption
and implementation of IPM methods. A tall order for any new system! Like many researchers before
us, we started with a series of variety trials in an attempt to find an attractive trap crop. We also used
small plot trials at the UConn and UMass Research Farms and commercial farm trials in larger fields (1/4-
to 8 acres) to help test the PTC systems. By 2003, we initiated similar studies for cucumbers and winter
squash.

Identifying the “best” trap crop

In variety trials, we have compared many potential trap crops to see which might be the best at protecting
the main crop. The cucurbit varieties tested were listed in the literature or suggested by growers. We
quickly learned that although ‘Turk’s Turban’ was the most attractive to the beetles, there were other
important considerations, as 93% of the plants of this variety perished before harvest from bacterial wilt
infection. It is extremely important that the variety chosen as the trap crop in a PTC system not be a



disease reservoir, or you may win the battle against the insects only to lose the war to disease. In other
words, any beetle that made it through the perimeter to feed on the main crop would be a disease vector,
and you may dramatically lower the number of beetles on the main crop, but suffer reduced yields due to
bacterial wilt. We chose “‘Blue Hubbard’ as the trap crop for the cucurbit PTC systems, as it was highly
attractive to beetles, but had a much lower incidence of wilt than other varieties tested. Since our early
trials, we have found that many varieties of Cucurbita maxima, such as ‘Prize Winner’ giant pumpkins
and buttercup squash, are also good candidates as trap crops.

Small-plot results on summer squash

In our first year or two of small-plot trails, we attempted to stop cucumber beetles, bacterial wilt and other
pests with a perimeter trap crop and different supplemental controls, or a combinations of controls (i.e.
sprayed trap crop on yellow plastic mulch) in the border area. When an insecticide was needed in the
border area of a treatment, Sevin was used and reapplied, as needed. In 2001, over 94% of the cucumber
beetles in the experiment were on plants in the perimeter of the plots. However, because 4 of our 5
treatments had ‘Blue Hubbard’ in the perimeter, we “sucked” almost all the beetles out of the control
plots and ended up with no significant differences for beetle numbers on the summer squash in the center
of the various treatments. Despite the low beetle numbers, we still found that trap crop plots
supplemented with border sprays or yellow mulch both had significantly reduced summer squash
defoliation levels compared to control plots.

In 2002, center sub-plots of summer squash from plots with a sprayed trap crop around them had
significantly lower beetle numbers and bacterial wilt mortality, and higher yields, than the centers of
control plots consisting of all summer squash plants. Beetle numbers on summer squash in the center of
the sprayed trap crop plots were reduced by 93% when compared with plants in the center of control
plots. All treatment plots supplemented with border sprays showed reduced levels of defoliation in the
centers.

In 2003, we evaluated a single trap crop row of Blue Hubbard, a border-row insecticide application, and a
combination of the two strategies for protecting centrally-located unsprayed summer squash (or
cucumbers) from cucumber beetles and bacterial wilt. Small plot trials in 2003 were not very productive,
as rainy spring weather caused delays in planting at the research farm and we missed most of the first
generation beetles. There were still significant reductions in the percent damaged leaves for squash with
a sprayed or unsprayed trap crop in the perimeter.

In 2004, the experiment was streamlined to include just 3 treatments: control plots with all unsprayed
summer squash, plots with all sprayed summer squash, and those with unsprayed summer squash in the
center with a perimeter of sprayed Blue Hubbard. The unsprayed summer squash in the center of the PTC
plots had 80% fewer beetles than plants in the center of the first two treatments. The summer squash in
PTC plots also had similar level of damaged leaves and defoliation as the sprayed summer squash plots,
and significantly lower levels than the unsprayed control plots. When the experiment was repeated with
the same three treatments in 2005, there were no significant beetle differences between the center plants
of the PTC and control plots, but again the level of damaged leaves and defoliation was lower for summer
squash protected by the trap crop.

In summary, PTC consistently lowered beetle damage compared with control plots, sometimes to levels
that were similar to sprayed summer squash plots.

Small-plot results on cucumbers 2003 & 2005
Experimental design for small plot work on cucumbers was similar to the summer squash trials in the
same year. Although a delay in planting time due to wet conditions and cloudy weather during beetle



counts, prevented us from finding significant differences in beetle numbers in 2003, the other cucumber
results were very impressive. When the trap crop was sprayed it dramatically reduced defoliation on
cucumber seedlings in the center and completely eliminated plant death due to direct feeding damage.
Nine percent of the plants were lost directly to beetle feeding in the center of control plots. The sprayed
trap crop barrier also dramatically reduced losses from bacterial wilt compared with the control plots.
Total plant death (directly from defoliation and from bacterial wilt) dropped from 30% in the center of
control plots to 14% for the cucumbers in the sprayed trap crop plots by final harvest. The sprayed PTC
treatment increased yields by 33% or 148 boxes per acre (increase of $1,480/acre gross revenue).

In 2005, cucumber plants from PTC plots again had significantly lower levels of damaged leaves and total
defoliation than plants in control plots. Early season plant mortality from direct beetle feeding and
bacterial wilt in control plots again resulted in an increase in yield for cucumber plants in PTC plots.
Sprayed plots had the lowest damage/defoliation and the highest yields.

Field trials on commercial farms

Six CT growers using the PTC technique on their summer squash and cucumbers, compared the trap crop
system to their former conventional management system, that relied on multiple full-field sprays to
control cucumber beetles, and were quite impressed. In every case, the PTC system provided superior
pest control compared to multiple full-field sprays and reduced insecticide use substantially. Growers
estimated they saved almost 20% of their summer squash crop and a third of their cucumber crop by
switching to PTC.

On most farms, insecticide sprays for cucumber beetles were limited to applications on the ‘Blue
Hubbard’ trap crop in the perimeter of the fields only. One of the growers stated on a post-season survey
that “it blew my mind to see the beetles flock to the perimeter rows!”

On one farm with extreme cucumber beetle populations, the grower applied an average of 1.5 perimeter
sprays prior to bloom and 1.5 full-field sprays during harvest to his cucumber fields to regain control of
this pest. The sprays at harvest were necessary to prevent cosmetic damage, where the beetles feed on the
fruit rind and render the crop unmarketable. In past years, he normally applied 4 full-field sprays per
field and still failed to harvest or market any cucumbers. He harvested and marketed a great crop of
cucumbers in 2003 using PTC. This same grower was asked to plant a control field (without a trap crop)
as part of the study. He made 4 full-field insecticide applications in the first 3 weeks and 60% of the
plants showed signs of bacterial wilt before the plants even started to run. The entire control field was
lost. When asked in a post-program survey to comment about the PTC system, this grower stated that ““I
can not even get a crop of cucumbers on my farm without PTC!”

All but one grower said that they also saved time and money using PTC and found the new system
simpler to use than multiple full-field sprays. All the program participants gave the PTC system high
marks for reducing pesticide use, spray time/expense, possible chemical residues at harvest, possible
secondary pest outbreaks, risk of crop damage, and impacts on environment/land/water. They also gave
the system high marks for improving farm profitability, for easier/faster pest detection (improved
monitoring) and for easier picking/harvesting schedules (reduced REI/dh restrictions).

Massachusetts and Connecticut growers, under the direction of my co-Pl Ruth Hazzard, experienced
similar results on butternut squash fields. The trap crop in winter squash fields were treated with 1-3
applications of Sevin or a single application of Admire.

OK I get it, so how do I do it?
Growers wishing to try PTC should remember a few simple rules: 1) Plant the trap crop on good
ground, so that it remains healthy and completely encircles the main crop, without large gaps in the



perimeter. 2) Multiple rows (1-3) of trap crop may be needed if extreme pest pressure is expected, or
along tree lines where the heaviest pressure usually occurs as beetles colonize the field from
overwintering sites. 3) Spray the perimeter as soon as the beetles appear and begin to feed on the
trap crop. Don’t wait for beetles to colonize the main crop or for a threshold level to be exceeded on the
trap crop. 4) Monitor the field continuously until bloom or harvest and be prepared to make 1-2
additional perimeter sprays or, if necessary, full-field applications. Repeat perimeter applications are
necessary if rain washes the insecticide from the plants prematurely or if more live beetles are found on
the trap crop prior to bloom. Full-field sprays should be applied when pest pressure is excessive on a
particular farm, causing a breach in the perimeter and substantial main crop infestation (>2 beetles/plant
for summer squash and >% beetle/plant for cucumbers). 5) If the trap crop planting is incomplete or
has large gaps in it, for any reason, treat the field as if it were a conventional planting (i.e. spray the
whole field as often as needed). You do not have an effective perimeter if you fail to plant along one side
or wet conditions prevent emergence of most trap crop plants.

That’s it! Its cheap, its easy and almost anyone can do it! Go forth and conquer. May the PTC force be
with you!

We wish to thank the Northeast Sustainable Agriculture Research and Education Program (NE SARE)
for funding this research.



Controlling Cucumber Beetles with
Precision Banding Using Admire

Jim Jasinski, Matt Darr’, Erdal Ozkan', Bob Precheur?
Ohio State University Extension, IPM Program
'OSU Food, Agriculture and Biological Engineering
0SU Horticulture and Crop Science

Introduction

There are over 14,500 acres of cucurbits produced in Ohio according to the USDA NASS Quick Stats in 2005.
Pumpkins alone account for over 7,500 acres and are a significant source of fall income for some growers. As with
most markets, growers are interested in ways to save money through reduced inputs if the practice won't put their
crop at additional risk.

In 2004, a group of researchers at Ohio State University designed a precision bander to deliver insecticide (Admire)
in-furrow at the time of planting. The bander functions by applying a burst of insecticide in a well defined zone
around the seed as it enters the furrow. In 2005, the bander controller user interface was modified so that the
volume to band length ratio could be adjusted independently.

Description of how the Precision Bander Operates

As the seed leaves the metering box on the planter it falls through a standard seed delivery tube. This tube is
identical to any seed tube found on a conventional corn planter. Inside the seed tube is an optical sensor that
detects the seed falling towards the soil surface. In a conventional planting system, this sensor would send a signal
to the planter monitor to indicate that another seed has been planted. In this research application, the sensor signal
is directed to the injector controller, which initiates the insecticide application process. The injector begins
delivering material (insecticide and water solution) as a stream directed at the bottom of the seed furrow before the
seed actually reaches the soil surface. This is intentional so that the seed falls within the middle of the insecticide
band.

Research during 2005 allowed a much wider range of insecticide rate testing. The Precision Bander was updated
with a new control technology which allowed not only the volume of the injector band, but also the length of the
injector band to be controlled from a cab mounted operator panel. This enhanced researchers’ abilities to carry out
highly diverse testing of insecticide rates and their effect on insect control.

In order to control the band length, the on time of the injector solenoid valve needs to be controlled. A touch panel
operator display was developed to allow the user to quickly change the desired band length and through a
calibration equation the solenoid on time was calculated. Controlling the volume of injection material and thus the
total active ingredient per seed was completed in a similar manner. The operator could select a desired milliliter of
injection material per seed from the display panel.



After the band length and injection volume were set by the operator, these two variables were transmitted
electronically to the planter row unit via a Controller Area Network. The row controller read these two parameters
and used them to set the on time of the solenoid and the injector volume. In order to control the injector volume,
the row controller implemented a Pulse Width Modulation routine which controlled the solenoid valve very much
like a dimmer switch controls a light bulb in a household environment.

This improvement allowed researchers to separate insecticide response effect based on concentration and band
length. In 2004 these two variables were directly tied together and it was impossible to determine which variable
had the strongest influence on the effectiveness of this system.

Verifying Precision Bander Accuracy

Pumpkin, zucchini, and cucumber seeds were tested in the precision bander accuracy trials. Because these seeds
vary considerably in size and weight, each type was synchronized and evaluated at planting speeds of 2.0, 3.0, and
4.0 mile per hour. There were four replications of each treatment and each plot was 150 feet long. All seeds
regardless of type were dropped at a spacing of 12-14 inches.

To determine the accuracy between the injected bands with the seed, each variety was "planted " and "banded" on
the soil surface. The "band" was actually a single stream of water directed at the bottom of the seed furrow. To
plant on the soil surface, the planter's press wheels were removed and the planter depth adjusted to drop seeds in a
0.25 inch shallow furrow. The tractor speed was set at the beginning and maintained throughout each plot.

There were 100 seed / band events recorded per plot. Only singulated seeds were counted, any double seed drops
were excluded from the data. If a seed was planted, i.e., dropped, within the water band it was considered "in the
band". If a seed was planted, i.e., dropped, within 2 inches of the band (front or back) it was considered a bounce,
meaning the seed initially landed in the band, then bounced out. If a seed landed farther than 2 inches from the
water band it was considered a miss.

The first three trials were conducted at 3 ml injections per 5” band (Table 1). There was an additional pumpkin
seed accuracy trial in which the band length and volume were doubled to 10" long and 6 mls per injection. This
adjustment resulted in the highest band accuracy of all the trials in 2005, averaging 96.3% for seeds landing "in-
band" and 97.9% for seeds in the "band + bounce" zone.

Table 1. Percent accuracy of precision bander at three different speeds with three seed types.
Seed Type Cucumber Zucchini Pumpkin Pumpkin* All Cucurbits

Planting Band | Band +| Band Band + Band Band + Band Band + Band Band +
speed Bounce Bounce Bounce Bounce Bounce

20mph | 973 | 996 | 960 | 980 | 950 | 963 | 965 | 990 | g5, | g2
30mph | 940 | 980 | 975 | 988 | 938 | 938 | 970 | 983 | g5 | g70
40mph | 900 | 960 | 950 | 973 | 925 | 950 | 953 | 966 | g3, | op2
Average | 938 | 979 | 962 | 980 | 938 | 950 | 963 | 979 | 950 | 97.2

* applied at 6mls in a 10 inch band.




Verifying Bioassay Results

Bioassays were conducted on pumpkin at the cotyledon, 1st leaf, 2nd leaf, and 3rd leaf stage; bioassays for zucchini
and cucumber were taken at the cotyledon, 1st leaf, 2nd leaf, 3rd leaf, and 4th leaf stage. The current development
stage was determined when 50% or more of the seedlings were in that stage. As seedlings grew from stage to stage,
the current developmental stage was clipped from the seedling and placed in a clear 8 ounce plastic container with a
live striped cucumber beetle. Beetles fed on leaf tissue and mortality was recorded at 24, 48, and 72 hours after the
bioassay began. After 72 hours, each bioassay experiment was terminated.

Seeds treated in-furrow with an imidacloprid solution were expected to uptake the nearby systemic insecticide via
the roots, increasing striped cucumber beetles mortality compared to seeds treated with water only. Tukey's HSD
was used to separate treatments based on the percent moribund plus dead beetles after the 72 hour bioassay reading
(Table 2). Treatments followed by the same letter are not significantly different. Due to space limitations, only the
pumpkin data is shown, but the trends are similar for both cucumber and zucchini.

Table 2. Bioassay mortality of striped cucumber beetles after 72 hours exposure to imidacloprid treated
pumpkin seedling leaf stages.

Seedling Treatment %Moribund +
Stage Rate / row spacing| % Parasitism| % Moribund | % Dead Dead p-value
Cotyledon |Check 0.0 0 5.0 5.0 A <0.0001
PB 160z @ 5' 0.0 2.5 92.5 95.0 B
CF 240z @ 15' 0.0 2.5 94.9 97.4 B
PB 240z @ 15' 2.5 0 97.5 97.5 B
CF 160z @ 5' 0.0 7.5 92.5 100.0 B
1st leaf Check 12.5 0 5.7 5.7 A <0.0001
PB 160z @ 5' 10.0 22.5 53.8 76.3 B
CF 160z @ 5' 5.0 175 63.1 80.6 B
PB 240z @ 15' 2.5 225 66.4 88.9 B
CF 240z @ 15' 10.0 15 77.3 92.3 B
2nd leaf  |Check 25 0 0.0 0.0 A 0.001
PB 160z @ 5' 12.5 10 13.1 23.1 A|B
CF 160z @ 5' 2.5 12.5 13.2 25.7 A|B
PB 240z @ 15' 12.5 15 28.6 43.6 B|C
CF 240z @ 15' 2.5 25 29.3 54.3 C
3rd leaf  |Check 2.5 0 0.0 0.0 A 0.005
CF 160z @ 5' 2.5 0 0.0 0.0 A
PB 160z @ 5' 2.5 2.5 5.2 7.7 A
PB 240z @ 15' 2.5 20 10.0 30.0 B
CF 240z @ 15' 0.0 175 13.3 30.8 B

CF-Continuous flow application, PB — Precision banded application

In table 3, a comparison is made between the fruit type, row spacing, % reduction of product, and the total cost of
the program per acre using either the precision bander or conventional application.

Yield Data
Yield data was taken from the pumpkin, zucchini, and cucumber trials. Only the cucumber trial showed significant
differences with the high rate of Admire at the 6ft spacing having the greatest yield.



Table 3. Comparing precision banded with continuous flow application using Admire 2F. Admire costs
$4.30 / oz. Precision injection is a 5" band containing 3 milliliters of insecticide solution.

Treatment Rate / Band Seed Admire /A

Rate / row spacing| Fruit |1000' (0z) |Width (in)| Spacing (ft) (mls) % Reduction | PPM Soln | Cost/A
CF 160z @ 5' Pumpkin 1.84 5 2.5 473.2 0 1,786 $ 68.80
PB 160z @ 5' Pumpkin 1.84 5 2.5 78.9 83.3 1,788 $ 11.47
CF 240z @ 15' Pumpkin 8.26 5 2.5 709.8 0 7,816 $103.20
PB 240z @ 15' Pumpkin 8.26 5 2.5 118.3 83.3 7,816 $ 17.20
CF 160z @ 4' Zucchini 1.47 5 15 473.2 0 1,433 $ 68.80
PB 160z @ 4' Zucchini 1.47 5 1.5 1314 72.2 1,433 $ 19.11
CF 240z @ 6' Zucchini 3.31 5 15 709.8 0 3,197 $103.20
PB 240z @ 6' Zucchini 3.31 5 15 197.2 72.2 3,197 $ 28.67
CF 160z @ 3' Cucumber 1.10 5 1 473.2 0 1,076 $ 68.80
PB 160z @ 3' Cucumber 1.10 5 1 197.2 58.3 1,076 $ 28.67
CF 240z @ 6' Cucumber 3.31 5 1 709.8 0 3,197 $103.20
PB 240z @ 6' Cucumber 3.31 5 1 295.7 58.3 3,197 $ 43.00

CF-Continuous flow application, PB — Precision banded application

Conclusions

After working on this project from 2004-2005, we have made considerable progress toward our end goal of
designing a precision insecticide bander for direct seeded vegetable crops, in particular pumpkin, cucumber, and
zucchini. The accuracy of the bander averages from 93.8 — 96.2% depending on which cucurbit seed we planted. In
general, larger seeds and slower planting speeds lead to higher bander accuracy. Using the precision bander, we
have managed to substantially mitigate environmental impact by reducing the amount of insecticide compared to a
conventional application by up to 84% per acre. This pesticide reduction translates into a maximum savings of
$86.10 per acre, based on initial rate per acre. Both of these reductions have been accomplished without sacrificing
early season striped cucumber beetle control. In 2004 and 2005, 95.2% of the trials (20/21) showed no significant
difference in beetle mortality between precision banded and continuously applied in-furrow insecticides.

The rate chosen for our initial precision banded project was derived from previous research with imidacloprid
performed at 16.6 gallons per acre. Looking this rate from a per seed perspective, we arrived at 3 mls of solution
for each 5" band. The majority of work in 2004 and 2005 was based on the assumption this was an adequate rate to
separate treatment differences and significantly reduce insecticide use, while maximizing striped cucumber beetle
control.

In 2005, we examined the possibility that maximizing insecticide reduction and therefore maximizing per acre
savings, may not be the only way to use the precision bander. For example, seeds planted on a 30" spacing treated
with a 5" band of insecticide at 3 mls per injection will reduce pesticide usage by 83.3% on a per acre basis. By
reallocating 15" worth of in-furrow insecticide, along with its corresponding 9 mls of carrier to a 10" band using all
9 mis of insecticide solution, we concentrate the insecticidal solution in an area that is physically more available to
the seedling for uptake. In the process, we still manage to save 50 % of the insecticide! We also increase the
accuracy of hitting the seed and increase the percent control of early season pests like the striped cucumber beetle.
By reallocating insecticide in the band and adjusting the volume per injection, we have managed to boost our
percent mortality at equivalent stages in the bioassays 10-60%. The precision bander presents us with the flexibility
to manage the crop to maximize pesticide savings or early season pest control.




We have great confidence that the precision bander can have a positive pest management effect and immediate
financial return to growers willing to adopt this technology. Although we were unable to secure patent rights for
this technology, we are pursuing commercialization of this technology with the current patent holder at the
University of Tennessee. It is our intent to bring this technology to the marketplace within 12 months with the
cooperation of the UT researchers, pending positive review by the University of Tennessee Foundation and
identification of an interested commercial partner.

As a side note, seed and chemical companies have begun working with insecticide seed treatments for vegetables,
including cucurbits. Although the precision bander may be a temporary solution for some growers, a long-term
possibly simpler solution for most growers may be seed treatment, which should be available in the next few years.

No commercial seed treatments are currently available for cucurbits. Research is underway at many Universities,
including Ohio State University, to complete their registration. Once tregistered, all that remains is to evaluate their
efficacy and economics against standard in-furrow materials. Preliminary results from 2005 trials suggest seed
treatment does an adequate job of reducing plant feeding from early season pests such as striped cucumber beetles.

For a complete copy of this report, please contact Jim Jasinski or visit
http://champaign.osu.edu/precisionbander.html.

This research would not have been possible without funding from the Ohio Vegetable Small Fruit Research and
Development Program.

We would also like to acknowledge additional support for this project by Ackerman Equipment Company, Capstan Ag
Systems, Teelet Spray Systems, Rupp Seed Company, and Harris Moran Seed Company.

Special thanks to the staff at Western Agricultural Research Station for plot preparation and planting assistance.
Special thanks also to Karen Setty and Kara Konys for data collection.






