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• Sweet corn
– European corn borer, corn earworm

• Cucurbit crops
– Striped cucumber beetle

• Brassica crops 
– Flea beetles
– Caterpillars 

• Eggplant 
– Flea beetles

• Lettuce (and others)
– Tarnished plant bug

• Potato
– Colorado potato beetle

Key pests by crop group 
– for today



Pest Management Tools

Prevention: cultural practices to 
avoid and reduce pests, keep 
plants healthy, and encourage 
natural enemies. 

Knowledge: identify pests, 
understand their life cycles in 
relation to the crop.  
Know what level of damage 
your market will tolerate



Prevention…. design your farming system with 
pest prevention in mind:

1. Crop Diversity
2. Soil and Plant Health
3. Crop Rotation
4. Variety Selection
5. Timing of plantings
6. Habitat and conservation of beneficial insects



Pest Management Tools
• Monitoring: get out and look!  Check 

plants, traps or weather data to 
determine pest, beneficial insect , and 
crop conditions.

• Timing: Apply controls when they are 
needed

• Efficacy & Conservation: Choose the 
most effective controls that also 
conserve beneficials



Have a plan for how and when you will react 
to a pest outbreak….

1. What quality does your market require?
2. Decide in advance your ‘action threshold’
3. Where possible, release beneficial insects – corn,  

beans
4. Know your organic pesticide choices: what’s 

labeled, what works



Tolerance – some damage is ok

Thrips injury 
on leeks 

•Note: Avoid late 
brassicas near 
aliums ---
thrips move into 
brassicas. 



Some damage is not. 
When is the crop unmarketable? When is it worth 

the cost and effort to control a pest? 



Does the ‘action threshold’ work for organic?

DEFINITION: The level of pest population or damage 
where the cost of  reduced quality or yield loss in  the 
crop at harvest exceeds the cost of control.



Does the ‘action threshold’ work for organic?

EXAMPLES:
Cabbage: 15% infestation with caterpillars at head 

formation YES

Sweet corn: 15% infestation with European Corn Bore r 
at pretassel or green tassel stage YES

Pumpkin and winter squash: 2 cucumber beetles per 
plant up till 5 leaf stage NOT REALLY



Organic insecticide tool box
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European Corn Borer (ECB)



ECB life cycle
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� Larvae over-winter in corn stalks & 
other host plants 

� Adults emerge in early May and mate in 
weedy or grassy areas

� Females lay eggs on
underside of leaves



Eggs are laid underneath leaves, 
beginning at whorl stage

Young larvae feed in emerging 
tassel, then move down the stalk, 
tunnel into the ear.

During silking, eggs often laid near 
ears, larvae more down silk 
channel. 





Damage to ear from ECB that tunneled through 
the side of the husk. Full-grown ECB larva.
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Scout field (50-100 tassels in groups of 5 or 10)

Count % with 1 or more ECB present

Spray at 15% infestation

Use Bt (Dipel DF, with sticker) or spinosad (Entrus t)

Scout 4-5 days later to see if 2 nd application is needed 
“pretassel 
stage”

Using foliar 
sprays for ECB





Row cover on sweet corn



•Use row cover for earliness, and 
protection from European corn borer

•Leave plenty of room to grow.

•Hold edges with soil

•Remove (and replace) for weeding.



Beneficial insects have 
an impact

Twelve-spotted ladybeetles
eat insect eggs and newly 
hatched ECB larvae

No aphid problem? Thank the 
beneficials:

Ladybeetles
Insidious flower bug
Parasitic wasps

Twelve spotted ladybeetle eating 
Colorado potato beetle egges. 
Photo by Martin Spellman. 



Trichogramma ostriniae
• Minute parasitic wasp, imported from China 1988
• Female inserts eggs into ECB eggs

• Larvae feed and develop in ECB eggs – egg mass 
turns black, ECB are killed.

• Adults emerge and search out new eggs

• Wasps do not overwinter but do reproduce and 
disperse during the season

Parasitized egg mass. 
Photo by Joe Ordonez, NYAES, Cornell Adults on ECB egg mass. Photos by Sylvie  Chenus, 

Entomology, Cornell

ECB egg 
mass. 



Methods for Trichogramma release

Select release field in 
advance: 
-- early corn
--bare ground, plastic or 
transplants

Monitor ECB flights with 
pheromone traps

Monitor CEW at silking



Methods for Trichogramma release 
First release at 12”, as soon as moth 

flight has begun
30,000 to 60,000 wasps (1-2 cards) per 

acre
2nd and 3 rd release at 7-10 day intervals



Methods for Trichogramma release

Scout fields weekly to 
monitor ECB damage 
and larvae

Apply sprays if needed 

Assess ear quality at 
harvest



Source and cost for 
Trichogramma ostriniae

Per acre, per release:
Two cards (30,000 wasps/card) $30.00
Shipping $ 5.50
Total per acre: $35.50
Total for three releases (per acre): $106.5

Source: IPM Laboratories, Locke, NY
315-497-2063

Call ahead -- when you plant the corn! 



Grower evaluation of Trichogramma
releases, 2005-2007

� Trichogramma was easy to release 
� Release fields needed fewer sprays 
� Corn was cleaner than usual at harvest 
� Release of Trichogramma saved sprays later in the 

season
� Cost/benefit analysis should include the benefit to  

later corn plantings
� Timing is important � don �t be late
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Corn earworm

Migrates north from 
Southeastern states

Monitor CEW  flights with 
pheromone traps - twice 
weekly

Count moths/night



Organic sprays for corn 
earworm controls?

spinosad

Intervals based on pheromone trap captures
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Direct silk application with a mixture of corn or soy oil with 
Bt or spinosad controls caterpillars that enter the ears 
through the silk channel. 

Zealater oil applicator, custom designed for this purpose. 

Labor: approx 8 hours per acre

Or, the Zealater



Zealater oil applicator

Two Liter tank and shoulder 
strap, tubing with quick 
connects, and ‘oil gun’ with 
needle tip.

Adjustable rates, 0.5 ml per 
ear is recommended

Available from Johnny’s 
Selected Seeds

Developed at UMass and 
Hampshire College with 
grower input.



Materials for use in 
Zealater in certified 

organic corn….

• Must be OMRI listed
• Must be labeled as a 

pesticide OR be listed 
as exempt

• Exemption must 
include both FIFRA and 
food tolerance.



Choices for toxin:

Bt, spinosad, or neem

Use lecithin as emulsifier for dry products (Bt, 
spinosad)

Total mixture delivered to tip: 0.5 ml per ear 

Expanded choice of 
materials

Choices for carrier:

• corn or soy oil, 

• JMS Stylet oil (mineral oil) 

• carrageenan



Testing Materials, 2004-2005 Trials

Toxins
1. Bt (1/2 lb/acre Dipel =
3 tablespoons per liter of oil. ) 

Spinosad (2 oz/acre Entrust= 4 
teaspoons per L oil)

• Neem (Azadirect)

3- Corn oil

2. JMS Stylet Oil

1- Carrageenan

Carriers

Methods
• Variety: Delectable
• Harvested Sept 12 (2004) or Sept 20 (2005)
• Oiled at wilted silk, 4-6 days after first silking
• Rates based on plant populations of 16,000 plants e ars per 

acre.
• 3X3 Factorial, RCBD, 4 Replicates



Goal: best caterpillar control with least ‘cone tip’
or other injury.

Cone tip

CEW  
infestation and 
feeding damage



Marketable Ears, 2004
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Best Materials
1. Corn oil plus spinosad

– Good control and ear tip 
quality

– Some browning in cone tip
2. Corn oil plus neem

--good control, low cone tip
3. Carrageenan plus spinosad

--must be injected into tip
--less cone tip, no discoloration

4. Corn oil plus Bt

Rates per liter of carrier, assuming 16,000 ears/ac re:

Bt: 1/2 lb/acre Dipel DF = 3 tablespoons per liter o f oil
Spinosad:  2 oz/acre Entrust = 4 teaspoons per L oi l
Neem: add liquid formulation to the carrier at a ra tio of 1:11 by volume to give 

2 pt/A 
Carrageenan: dissolve dry powder by adding 10 gm to 2.5 cups of boiling 

water, and adding another 1.5 cups of cold water on ce the carrageenan is 
dissolved 



Timing: when silk starts to wilt and pollination is  complete 
except at the very tip. This provides best balance of insect 
control with full ear growth.

The best way to determine timing: silks have detach ed from 
all kernels except at the tip ( this occurs at 5-7 days after silk 
initiation, depending on temperature) 



Cucurbits:
Striped cucumber beetle

and bacterial wilt



Overwintering sites

Beetles 
move in 
from field 
edges



Beetles rapidly 
spread through 
fields of young 
squash…

and feed on 
cotyledons and 
first true leaves.
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Beetle feeding 
and defecation 
on cotyledons 
and young 
leaves 
transmits the 
bacteria 
Erwinia 
tracheiphila. 
Plants are 
most 
susceptible in 
early growth 
stages.

Bacteria multiply 
in the plants 
vascular system, 
blocking water 
uptake and 
causing the plant 
to wilt and die.



Impact of striped cucumber beetle

• Kill or delay growth of seedlings from direct feedi ng 
damage

• Transmit bacterial wilt which causes death of vines  
or plants

• Larvae feed on roots
• High numbers late in season may damage fruit



Cultural management strategies 

• Crop rotation – to a separate field
• Use transplants instead of direct seeding
• Plant early or late (avoid peak activity in mid 

June) 
• Use floating row covers (until flowering)
• Select resistant or non-attractive varieties
• Use perimeter trap cropping to protect less 

attractive crops



Cultural 
practices:

transplants

-- Plant later -- avoid peak pest pressure
-- Plant is bigger & stronger when pests arrive
-- Get past the wilt- susceptible stage more quickly
--Avoid seed and seedling pests (eg seedcorn maggot,  

wireworms)
--For cucurbits, use larger cell size or peat pots
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General benefits of  transplants

• Avoid seed and seedling pests and diseases (mostly)  
• Get ahead of weeds
• Avoid seeding into cold soils. 
• Get the crop density you want.
• Grow something else or clean up problems (eg stale 

seedbed) while transplants are growing. 
• Let cover crops grow longer or have more time for b ed 

preparation 
• Works well for cucurbits, brassicas, corn, fruiting  

crops, lettuce…etc.



Using foliar sprays for control of beetles (and wilt)

• Repellent: Surround WP (kaolin)
– Apply before planting, or just after emergence.  

• Toxin: 
– Scout fields often from emergence to five-leaf stag e
– Use threshold for foliar sprays :(1/2 to 2 beetles per plant, 

depending on crop)
– Product options: spinosad or pyrethrin

• Spinosad kills beetles, has longer residual
• Worked better than pyrethrin in 2006 Hampshire Colle ge 

trials
• Labeled for the crop, not the pest



Surround 
WP
on 

cucurbits

• Turns foliage white but 
does not interfere with 
photosynthesis

• Acts primarily as a 
repellent, antifeedant, 
irritant 

• Can be applied to 
transplants before 
setting out in the field

• Apply before plants are 
colonized by beetles 

• Apply to dry foliage

Difficult to 
cover 
underside 
of 
cotyledon



Kaolin clay (Surround WP)

• Allowed for  organic 
production

• Very fine dry powder, 95% 
kaolin (mineral) 

• Safe to applicator for dermal 
exposure or ingestion

• However, you must protect 
yourself from breathing the 
dust or spray



• Avoid lumps! Add powder 
slowly to half the water, let 
settle, then agitate, then 
add remaining water. 

• Rate for backpack sprayer:    
1/2 lb per gallon (approx 
1.5 cups)

• Re-apply after rain or when 
white film is gone

• Clean nozzles and sprayer 
well after use

Using Kaolin Clay (Surround WP)



Perimeter trap cropping: the concept

Plant a preferred crop around the entire main crop,  
so that it encircles it like a castle wall.
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Conventional Planting Perimeter Trap Cropping

PTC intercepts and concentrates incoming pest in th e 
border where they can be killed.

Thus, natural enemies are preserved while damage an d 
disease spread is reduced in the main cash crop –wi th few 
or no sprays.

Trap cropCash crop



C. maxima

C. maxima

C. maxima

C. maxima



Blue Hubbard 
border – 2 rows

Butternut main 
crop



Double row near woods

No break in the border at curves 
and corners



Buttercup 
around 

Butternut



Blue Hubbard border

Butternut main crop
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Cucurbita maxima are best for the trap crop

Red Kuri Buttercup Squash

Prizewinner Giant PumpkinCinderella Pumpkin

Blue Hubbard



…so how do I do it?

• A large block is better (not too long and thin)

• The main crop can be multiple types of crops or 
succession planted, if border surrounds the whole f ield 
and if all are less attractive than the border.
– Various winter squashes and pumpkins
– Cucumbers, summer squash and melons

• Plant the trap crop on good ground, so that it comp letely 
encircles the cash crop (without gaps). 

• Use transplants, or seed so that trap crop comes up  
before or at the same time as main crop. 



…so how do I do it?

• Main crop may be sprayed with Surround as a repelle nt. 
Transplants can be sprayed before planting. 

• Spray perimeter as soon as beetles appear and begin to 
feed on trap crop
– Spinosad
– Pyganic (efficacy??)
– Suction (reverse leaf blower) – for low populations

• Multiple sprays on border may be needed. Check twic e 
per week.

• If perimeter has large gaps or is destroyed, you ma y need 
full-field sprays.



Brassica crops

Brassica oleracae
“cole crops”

Brassica rapa 

Brassica napa

Brassica juncea

“Asian brassicas”



Brassica leafy greens
Brassica oleraceaeBrassica rapa

Brassica napa
Brassica juncea

Bok Choy

Kale

Mustard

Red Russian 
Kale



Flea beetles on Brassicas

Striped Flea 
Beetle

Crucifer Flea Beetle

Photo courtesy of Manitoba 
Agriculture and Food 



Which Brassica crops and species do 
flea beetles prefer?

Based on 2004 experiment, UMass Research Farm and o ther sources

Radish, DaikonRaphanus sativus

ArugulaEruca vesicaria

MustardB. juncea

Cabbage, Broccoli,  Collards, 
GailonB. oleracea

Pak Choi, Komatsuna, 
Chinese Cabbage, TatsoiBrassica rapa

Most 
preferred

Least 
preferred



Types of Flea Beetle Damage:
‘Shot-hole Damage’

• Non-waxy 
leaves

• Feeding on 
entire surface 

• Common on 
bok choi, 
arugula, 
mustard, 
Chinese 
cabbage.



Types of Flea Beetle Damage:
‘Marginal Damage’

• Occurs on waxy 
leaves

• Mainly on Brassica 
oleracea crops 
(cabbage, broccoli, 
etc)

• These crops become 
more waxy when 
older



ADULT

Underground, 

near plant 
roots

EGGS

LARVA

PUPA

Above ground, 
on foliage

Flea beetle life 
cycle



Fall

crop

Where do flea beetles spend the winter?

Close to late summer feeding sites

Woods

Brushy areas

Buried under leaves and debris

Move to overwinter sites in 
September-October



Where do flea beetles go in the spring?

•Become active in May

•Feed on Brassica weeds

•Rapidly find new crops

•Can destroy seedlings

•Overwintered adults active from May to 
early July



Fall Brassicas
Year 1

WOODS, ROADS, 
HOUSES, FIELDS

Overwintering site for beetles

Where to plant 
spring 

Brassicas? 



Fall Brassicas
Year 1

Spring Brassicas
Year 2

WOODS, ROADS, 
HOUSES, FIELDS

Overwintering site for beetles

No rotation 
means early 
and large 

populations of 
flea beetles 



Fall Brassicas
Year 1

WOODS, ROADS, 
HOUSES, FIELDS

Rotating spring 
crop as far as 
possible from 
last fall’s crop 
delays arrival 
and reduces 

beetle numbers
Overwintering site for beetles

Spring Brassicas
Year 2



Why are flea beetles getting worse in the 
Northeast?



• Rotate between years and within the same year

• Plant spring crops into fields that did NOT have 
fall Brassica crops.

• Plant fall crops (seeded after mid July) in fields 
that are isolated from early season crops. 

• Avoid fields with brassica weeds , which also 
harbor flea beetles

• How far is far enough? Separate fields as far as 
possible.

Brassica Rotation Plan



May         June           July         August      September   October

Mid-season rotation: Rotate to new a field to 
escape newly emerged adults 

Overwintered adults

Summer adults

Early Brassicas in field1

Late Brassicas in field 2
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Use 
Row Covers to 
Exclude Beetles

• Bed prep: stale 
seedbed or cultivate 
just before seeding

• Seal edges 
immediately after 
seeding

• Seal ends as well as 
edges

• In all trials, row 
cover gives the best 
control!



Organic Insecticides that work for flea beetle
Fruiting Crops

-- Spinosad ( Entrust)
– Kaolin (Surround)

Efficacy is variable or 
questionable:

– Pyrethrin (Pyganic)

Brassicas

– Spinosad ( Entrust)

Efficacy is variable or 
questionable:

– Pyrethrin (Pyganic)
– Kaolin (Surround)



 Effect of treatment on leaf damage (holes per plant ) in Komatsuna
Weekly samples, cotyledon stage to harvest, 2003
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Spinosad (Entrust formulation)

• Very low rates are needed  
(1 - 3 oz/acre)

• Dry granular formulation 
(measure by weight)

• Available in 1 lb. package at  
>$500/lb

• Will store for several years

• Has a longer residual 
activity than Bt or pyrethrum.

• OMRI listed.



Will perimeter trap cropping work for flea beetle in 
brassicas?

Several farmers tested the following system in 2006 -2007:

Main crop --
B. oleracea:
cabbage, 
broccoli, kale

Border --

B. rapa:
Komatsuna

Borders were sprayed with spinosad (Entrust) when 
beetles arrived and at 1-2 week intervals until mai n crop 
was beyond susceptible stage



Komatsuna



Komastuna around late broccoli 
(variety trial, UMass Research 

Farm)

Border was sprayed 3X for flea 
beetles, main crop had low 

numbers.



Late-planted field of mixed Brassica crops
Red Fire Farm, Granby, MA

Rotated 1/3 mile from early Brassica field

Single row of Komatsuna around main crop of mixed B.  oleracea

One block of Chinese Cabbage ( B. rapa ) in center 



Caterpillars in Brassicas

Cabbage Looper

Imported cabbageworm

Diamondback moth



Diamondback moth

• Multiple generations
• Adults small, active at night
• Small (full grown =  ½ inch)
• Segmented and pointed 

Active and wiggly 
• Feeding – dispersed across 

leaves

Photo by Jude Boucher

Photo by Jude Boucher



Imported cabbageworm
• Over-winters as pupae 

• 4-5 generations per year
• Cabbage butterflies active 

in daytime
• Eggs are single, green or 

yellowish, under leaves
• Caterpillars feed first under 

leaves
• Large caterpillars move into 

the head
• Fuzzy, sluggish, gray green, 

thin yellow stripe
• Numbers increase later in 

the season

Photo by Jude Boucher



Cabbage looper

• Moths are migratory
– do not overwinter in Northeast
– late-season arrival (July-Sept)
– Adults plain brown, fly at night

• Eggs globe-like, single
• Small larvae feed on underside of 

leaves
• Large larvae reach 1 ½ - 2 inches
• Smooth bodied, ‘looping’ habit
• Large, ragged feeding holes 

across the leaf



Scouting for caterpillars in Brassicas

•Scout weekly
•Early feeding damage is easy 
to spot
•Look underneath the leaves 
to find caterpillars when they 
are small!
Check 25 plants across the 
field

Threshold for leafy greens 
take action at 15% infestation

= 1 catperilllar/plant on 
15% of plants 



Organic insecticides for 
caterpillars

• Microbials:
– Spinosad (Entrust)
– Bt kurstaki (Dipel DF, etc.)
– Bt aizawi (Xentari )

– Rotate products to prevent 
insecticide resistance

– BT’s are easier on 
beneficials than spinosad



Eggplant flea beetle

Feeds only on solanaceous
crops – tomato, potato, 
eggplant

NOT the same species as 
crucifer flea beetle



Eggplant flea beetle -
controls

--Surround alone

--Surround mixed 
with Entrust

--Row cover

--Perimeter trap 
cropping



Colorado potato beetle

Feeds and reproduces 
on eggplant and potato

May feed on tomato at 
early stage



Colorado potato 
beetle

• Adults overwinter near 
last year's crop, in soil at 
field edges.  

• Adults move into the crop 
in late May or early June 
(walk, then fly)

• Crop rotation is key



Life cycle of Colorado potato beetle

AdultAdult
Small Small 
LarvaeLarvae

PupalPupal
stage  stage  
is in is in 
soilsoil

EggsEggs

Large Large 
larvaelarvae

Photo by Jude Boucher



Life cycle of Colorado potato beetle (CPB) 

• Females lay eggs, approx 
300 over 30 days

• Larvae hatch from mid June 
to early July

• Pupae develop 
underground for approx. 
two weeks

• Summer adults emerge in 
mid to late July 

• Second generation larvae 
hatch in late July and 
August

• August: adults leave 
potatoes for overwintering 
sites



Key points for management of CPB
Adults walk from field edges to find crop in spring . If no crop is found, 

adult beetles fly away.

Plant early (green sprouted potatoes) or late to avo id CPB.

Use trap crop (early planted potato sprayed) as bar rier.

Egg hatch and larval growth depends on temperature

Fourth instar larva does 85% of the feeding damage. 

In June, scout at least weekly. Control larvae befo re they are full grown. 

On eggplant, summer (emerging) adults cause serious  damage to 
leaves, flower buds and flower stems.

Control first generation well to avoid problems in late summer.

Scout when summer adults are emerging (late July, e arly August)



Beneficial insects have 
an impact

Twelve-spotted ladybeetles 
eat CPB eggs and newly 
hatched larvae

Tachinid fly attacks larvae

Carabid beetle feeds on eggs 
and larvae, parasitizes 
pupae

Twelve spotted ladybeetle eating 
Colorado potato beetle egges. 
Photo by Martin Spellman. 



Insecticide for 
Colorado potato beetle:
Spinosad (Entrust)

• Kills both adults and 
larvae (all sizes). 

• Very effective
• Resistance is likely 

to become a 
problem.  

• Organic farmers 
need alternative 
insecticide to 
alternate, such as BT 
san diego. Photo by Jude Boucher



Straw mulch reduces CPB 
numbers and feeding damage 
on potato  

--no-till, mowed cover crop, or 
added straw. 

Research and photos: 
Don Weber, USDA-ARS Insect Biocontrol

Lab
Beltsville, Maryland

weberd@ba.ars.usda.gov



Tarnished Plant Bug Nymphs and Adult 

Source: University of Georgia, ipmimages.org



Overwinter as adults

Active early in spring

Several generations per year

Feed with piercing sucking mouthparts

Feed on succulent, young tissue

Lay eggs in stem tissue

Easy to overlook



TPB Damage
• Crops that are damaged:

– >40 vegetable crops
– Field crops– cotton, 

alfalfa
– Fruits, berries
– Flowers

• Types of damage:
– oviposition or feeding 

scars
– leaf death or distortion
– tip dieback
– fruit distortion
– reduced seed 

production



Many weeds are hosts

• Lambsquarters
• Aster
• Curly dock
• Fleabane
• Pigweed
• Ragweed
• Shepherdspurse



Damage in early spring arugula 
(TPB and flea beetle injury)



Lettuce: Tarnished plant  bug

Romaine lettuce is the type most commonly damaged







TPB Management
• Reduce weed habitat around and in the field

– Remove overwintering habitat
– Remove before buds / flowers form

• Use preferred crops (alfalfa, clover) to hold TPB 
• If preferred habitat is loaded with TPB, do NOT mow  

it , while target crop is in susceptible stage. 
• Monitor with white sticky traps, sweep nets, or 

shaking foliage
• Spray when adults first appear, before damage is 

done
– What works? Possibly Pyganic





A few resources…

• 2008-2009 New England Vegetable Management Guide 
(www.nevegetable.org ; 413-545-2717)

• Northeast Vegetable and Strawberry Pest ID Guide
• Organic Sweet Corn Pest Management Fact Sheet
• NOFA Guide Series
• Organic Resource Guide to Insect and Disease Contro l
• UMass Vegetable Notes newsletter

– www.umassvegetable.org/newsletters/index.html
– Hard copy or free email distribution list

• UMass Vegetable Program Website
• www.umassvegetable.org
• Soils, crops and pest management

– This powerpoint will be posted under IPM/Organic IPM



This presentation and other information will be 
posted at:

www.umassvegetable.org
Soils, crops and pest management

IPM/organic IPM


