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Wisconsin Vegetable Entomology
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Degree-day modeling

‘What iz degree-day

Qur research and extension group is located in the Departrment of Entg
Madison. Our program is centered on the ecology and management of
etable crops. Specifically the focus of our research and extension progr

Research to meet the current and emerging challenges of Wisconsi
growers and producers.

Extension education to deliver research-based information to the s
Improving sustainability of commercial and fresh market vegetable
based IPM practices.

What is vegetable entomology?

mdeling?

‘Wisconsin Vegetable
Disease & Insect Forecasting
Metwork (VDIFN}

UC |PM DD concepts.

Traditional vegetable crop entomology programs focus on pests and pest control. As the concept of Integrated Pest
Management (IPM) develops, new ways of understanding the agricultural landscape have become important. Part of
this new understanding is taking into consideration that the agricultural fisld is an ecosystem, despite the intensive
manipulation that goes into most farm land. It is important to remember that pollinators, a key group of insects neces-

USPest DD models sary for most vegetable productivity, are vulnerable to many sprayed insecticides. Similarly, natural enemies (natural

USPest DD map maker
USA National Phenclogy

predators of common insect pests) are important allies to have in the field, and they too are sensitive to insecticides.
By pursuing an IPM strategy, one that takes into account how many insects interact in the agricultural ecosystem, itis

MNetwork possible to effectively manage pests while reducing unwanted consequences.

PRISM Climate Data Portal

Information & Resources

Other Resources
Related sites:
= Entomology Department

Plant Pathology Department:
Horticutture Department:
Inzect Diagnostic Lab
Plant disease diagnostic
clinic:

CALS AgWesther

HNewsletters
+  UW-IPCMvegetable crop
update newsletter

* 'WI-DATCP pest bulletin

Crops »

It is estimated that about 1,500 small-acrezge producers grow well over 50 creps in Wisconsin. Information on
many of the crops grown in Wisconsin and common pests is included on this page.

Pests »

Here you will find information on many of the commeon arthropod pests encountered by Wisconsin vegetable pro-

ducers z2nd home gardeners.

Pollinators »

There are many different types of pollinators in the world, including flies, beetles, butterflies, birds, and bats. Morth
America has more than 3,600 species of wild bees, many of which are solitary and soil-nesting. These bees can
enhance or even surpass the crop pollination provided by honey bees. Click here for more information on native and

domestic pallinators.
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Insect pest management tactics for vegetables

Use all available tools to manage pest damage in the most
economic, socially, and environmentally sound way

Host plant resistance

Cultural controls _
: Transgenic plants
Natural j‘> Vegetable <: Reduced-Risk
enemies IPM Insecticides

Baits and ﬁ Entomopathogens

baiting systems

Population

disruption Wi
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Wild bees are important pollinators @W@N?’N
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Presenter
Presentation Notes
L axis = effect size: amount of increase you get in fruit set due to wild pollinators in the pink and honeybees in the green, across a wide range of crop types on B axis

Average 2x greater fruit set


.: USGS Bee Inventory and Monitoring Lab



Presenter
Presentation Notes
Everything that’s not HB; 500 spp of wild bees in Wisconsin, very diverse, provide benefits in terms of crop pol as well
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Mallinger, R.E. and Gratton, C. Journal of Applied Ecology 52, 323-330 (2015)



Presenter
Presentation Notes
Abundance or # of wild bees is important



Honeybees remain critically important

@mﬁ;@mm

Stanghellini, M.S. et al. American Bee Journal 137(5), 386-391 (1997)
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Inadequate pollination - Eliminate other sources

Plant fertility Irrigation stress (during bloom)

Mitrogen Phosphorous Potassium

Extreme heat

-_ Iopollmators (nighttime temps > 76°F)




Season long management plans

E planting harvest
£ i foliar insecticide® :
I ' | e Early season control with seed
¢ : foliar pyrethrum treatment or cultural methods
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Key insect pests of squash @W'SCONS'N

Squash bug Squash vine borer
(Anasa tristis) (Melittia cucurbitae)

Seed maggots
(Delia spp.)

Striped cucumber beetle
(Acalymma vittatum)

o




Insect pest management tactics

Use all available tools to manage pest damage in the most
economic, socially, and environmentally sound way

Host plant resistance

Cultural controls _

(timing, surveillance) % Transgenic plants
Natural j‘> Vegetable <: Reduced-Risk
enemies IPM Insecticides

Baits and ﬁ Entomopathogens

baiting systems

Population
disruption '
'@Wscww




Insecticides registered in Wisconsin

Seed treatments

Commercially applied to most varieties ) G

¥ i
Thiamethoxam — FarMore F1400 N CaE

EarMore’ cucumber pumpkin squash
«» FarMore

Technology

At-plant applications

Applied as at-plant, in-furrow, banded applications to seed
furrows or transplant row or as a soil drench, side dress applications, or drip
imidacloprid — AdmirePro® (7-10.5 fl oz/acre)

thiamethoxam — Platinum 75SG (3.67 oz/acre) M—-
clothianadin — Belay (12.0 fl oz/acre) } !

@wscw%m




Balancing trade-offs, improving sustainability

Pest control and pollination services

* Insecticides remain an important
component of cucurbit production

* Exposure of several pollinator guilds to
agro-chemicals are thought to reduce
beneficial insect health

Growers can adjust management to
reduce exposure

* Avoid applying to crops in bloom or
blooming

e Apply late in the day/evening

* Choose short residual products

* Insecticide formulations are not equal:

@ wisconsin EC > WP, WSP, D




Cucumber beetle - insecticides

» broadcast foliar applications:
- pyrethrum (Pyganic 1.4 and 5.0 EC)

PyGanic ¥
- pyrethrum + azadirachtin
azera ¢,

- synthetic pyrethroids

BRIGADE MUSTANG
/S 5 C— M.AX X

¥ WarriorIl

- neonicotinoids

OActa ra ASSAIL 305

» Foliar sprays (thresholds) — “caution with pollinators™!!
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Honey Bee Health
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Parasites and Disease Present Risks to Ielucing peris ard dise, e, poar

Honey Bees: e

The parasitic Varroa mite and new virus species have been found in the U.S. and several of
these have been associated with Colony Collapse Disorder (CCD).

ransenpts aned Specches

Increased Genetic Diversity is Needed:
Genetic variation improves bees thermoregulation, disease resistance and worker productivity.

Poor Nutrition Among Honey Bee Colonies:
Bees need better forage and a variety of plants to support colony health.

Need for Improved Collaboration and Information Sharing:
Best Management Practices associated with bees and pesticide use, exist, but are not widely or
systematically followed by members of the crop-producing industry.

Additional Research is Needed to Determine Risks Presented by Pesticides:
The most pressing pesticide research questions relate to determining actual pesticide
exposures and effects of pesticides to bees in the field.

'{@wcww



Presenter
Presentation Notes
Given these challenges, information is needed to determine how to exploit pollination services by native bees.


EPA’s response and summary

" Jnfed Stanes
ﬁ Smdranmensal Probection
Agency

Environmental Topics Laws & Regulations About EPA

CONTACTUS  SHARE [ §) 7w (@) (=)

Pollinator Protection R

Pollinator Protection Home EPA Actions to Protect POllinatorS

Pollinator Health Concerns

— Colony Collapse Disorder Pesticide risk management must be based on sound science,

Related

] consistent with the laws under which pesticides are regulated in the : oo
— Faclors Alfecling Information

Follinator Heath United States, EFA has heen working aggressively to protect hees

and ather pollinators from pesticide expasure.

— Risk Assessment » FPA Heleases
Neonicotinoid

— EPA Actions to Protect EPA's actions to protect pollinators from pesticide exposure

Pollinators include:
Comment

— Partners in Follinator + EP#s Hisk Management

Prolection Implemented a policy in 2017 that protects bees from agricultural . . |edenlilvi

] pesticide spray and dust applications while the bees are under Crptions for Protecting
What You Can Do contract bo provide pollination services. The policy also the Monarch Hutrerfly

— Report Bee Kills recommentds that states and fribes develap pollinator protection » Warking with Parlners

rotertio

plans and best managemenl praclices.

— Best Management
Practices

* EPNs Policy Mitigating Acute Risk to Bees from Pesticide
Products

4 Read the policy announcement

https://www.epa.gov/pollinator-protection/epa-actions-protect-pollinators

@m_.sg@ﬁs.lm



https://www.epa.gov/pollinator-protection/epa-actions-protect-pollinators

EPA’s response -

New labeling requirements - foliar

DMIRECTIONS FOR USE
It ks a violation of Federal law to use this product in a manner inconsistent with fis labeling.
Do not apply this product in 2 way that will contact workers or other persons, either directly or through
drift. Only protected handlers may be in the area during application. For any requirements specific to
yaour State or Triba, consult the agency responsible for pesticide regulation.

3ee individual crops for specific pollinator protection application restrictions. If none
exist under the specific crop, for foliar applications, lollow these application directions
for crops that are contracted to have pollinator services or for foodfeed & commercially
grown ornamentals that are atiractive to pollinators:

FOR CROPS UNDER CONTRACTED POLLINATION SERVICES

Do nat apply this product while bees are foraging. Do not apply this product until flowaring
is complete and all petals have fallen unless the following condition has been met.

If an application must be made when managed bees are at the treatment site, the
beskesper providing the pollination senvices must be notifed no kess than 48-hours
priar 1o the fime of the planned application so that the bees can be removed, coverad or
otherwise protected prior to spraving.

FOR FOOD CROPS AND COMMERCIALLY GROWN DRNAMENTALS NOT UNDER
CONTRACT FOR POLLINATION SERVICES BUT ARE ATTRACTIVE TO POLLINATORS

Do mot apply this product while bees are foraging. Do not apply this product until flowering s complete
and all petals have fallen unless one of the following conditions is met:

* The applcation is made to the target site after sunset

= The application is made to the target site when temparaturas are below 55°F

= The application is made in accordance with a government-initiated public heatth response

= The application is mada in accordance with an active state-administared apiary registry
program whers beekeepers are notified no less than 48-hours prior to the time of the
planned application so that the bees can be removed, covered or otherwise protected
prior to spraying

» The applcation is made due to an immanent threal of significant crop loss, and a
documented determination consistent with an IPM plan or predetermined economic
threshold is met. Every effort should be made o notity beekeapars no less than 48-hours
prior to the time of the planned application so that the bees can be removed, covered or
otherwise protected prior to spraying.

6

https://www.epa.gov/pollinator-protection/new-labeling-neonicotinoid-pesticides
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https://www.epa.gov/pollinator-protection/new-labeling-neonicotinoid-pesticides

EPA’s response -

https://www.epa.gov/pollinator-protection/new-labeling-neonicotinoid-pesticides

New labeling requirements - systemics

O Platinum75 SG

Insecticide

L e

ADMIRE'FRO

Pollinator Precautions: Platinum is highly toxic to bees exposed to direct treatment on blooming crops. Do not
apply during pre-bloom or during bloom when bees are actively foraging. Do not apply Platinum or allow it
to drift to blooming crops or weeds if bees are foraging infor adjacent to the treatment area. This is especially
critical if there are adjacent orchards that are blooming. After a Platinum application, wait at least 5 days
before placing beehives in the treated field. If bees are foraging in the ground cover and it contains any
blooming plants or weeds, always remove flowers before making an application. This may be accomplished by
mowing, disking, mulching, flailing, or applying a labeled herbicide. Consult with your local cooperative exten-
sion service or state agency responsible for regulating pesticide use for additional pollinator safety practices.

@wuscowsm



https://www.epa.gov/pollinator-protection/new-labeling-neonicotinoid-pesticides

EPA’s response -

existing label language (non-neonicotinoids)

Environmental Hazards

Trus peslicide is cxlremely oo o sh and ageabc invenocbrales. Usa .
with care when applying in areas adjacent to any body of water. Do not BR’GADE
apply directly to water, 1o areas whare surface water is presant or to

intertidal areas below the mean high water mark. Do not make applica — EE:

Ling when weathor conddions Tavor drill Irom Ureated ansas, Dol and

runcll from breaked areas may be hazardous o agualic crganisms in IMSECTICIOE £ MITICIOE

neighbanng areas, Do nob contamingte water when disposing of eguip-
ment washwalers.

This product is highly toxic 1o bess exposed 1o direct treatment or resi-
dues an blooming crops or weeds. Do not apply this product or allow it
Lo drifl 1o Blooming crops or weods while bees are aclively visiting e
reeaitrment arca,

The use of Brigade 2EC is prohibited in areas that may resul in expo-
sure of endangered species io bifemthrin. Prior to use in & particular
county contact the local extension service for procedures and precau-
tions to use to protect endangered species.

ENVIRONMENTAL HAZARDS

This procuct is exlemely losic o aqualic imeetelales, For eresleal wses do ool apply dinedly Towaler or & arsas whers surkss wale
i preseil or fo rierfdal aress below e meat eh waber ek, Do ool dpply when vsatber condilion Tavor dilt Iraon res reslsd Dilt
and run-cff may kil ag.adc rwertobrates in water acjazant to reated areas. Do rot cortaminga water by cleaning sguipmant or dapoaa
ot wasies. Jo not comarinate watar whan disposing oF scuipment wiashwabars,

[z rct dizchage effluzrt comaring this product into lkes, simama, poncs, estuaries, woezrs or obher waters unkess in azcordance witk
the reciraments of a Sationel Polkdar: Dischange Ziminaion System (NPDES) Permit and he permitting autharity hes been nodified ©
wrilre privr L e dschange. Do ool dschange eluenl conlaiving Fis procil b swer spskass willool predousdy oolilsing e e
sevsne lrealmenl plaol sulhoily, Cer guidarie cunlacl poar sla'e veeler scand or segongl ollice of e ERO.

BEE CAUTION: MAY KILL HONEYBEES AND DTHER DEES IW SUBSTANTIAL NUTIDERS.

This product is =ighly lnsic 5o e gepozed 1o drscl resbnent of rezidies of Grops o wescs in ke

For eopes in bloom, do rot asply this procuct bo sarget crops or weeds in bloom. Rotifying beskeecers withn 1 mia of treatment araa at
Izt A4 bours before produci iz uz.p'PIad vl alow themn W take advitional stecs bo procect Teir baas Limiting application 1o times waer
bes=s are mast acie, 6.7., within 2 Fours of suniss or surees, Wil minmize ns< o bess.

Carbaryl Insecticide

ENVIRONMENTAL HAZARDS

TOXIC 10 biees expased o direc! reatment, drill of rssidues on fiowering crops or wesds. D0 NOT apply this product ta Biowering
orops or weads if bees are visiting the treatmant area. Minimize the spray drift to reduce harmtul etfects on bees i habitats
el I the a5 dile

TOXIC to birds and wild mammats. Applications may adversaly atfect birds and wildie visiting the freximent arsa

The use of e product mey resall in contamersation of groundwaler particularly in areas where sails ane permeshis (2.9, sandy
soil) andar the deplh ko the waler table is shillow,

TOXIC to aquatic organisms. Okserve butter zones as specdied under DAECTIONS FORA USE

Qrthene
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What are we trying to protect??
What bees are in our crops??

Wisconsin Pollinators

Bees, butterflies, and their conservation

Aboutus The WiBee App  Habitat Assessment Bumble Bees  Pollinator-friendly solar

HOME [/ WIBEE: THE WISCONSIN WILD BEEAPP / HOW TO GET STARTED

How to get started

At its core, the WiBee app is a citizen-scientist bee observation tool. Growers and interested
citizen scientists, like you, who use the app will be collecting data on the bees that are visiting
flowers on fruit and vegetable crops across Wisconsin. As we continue to develop the program,
vou will be able to see more detailed information and recommendations in the app about wild

bee pollination management specific to your farm.

Your role in this program is important

Citizen scientists have become incredibly important to the study of insect ecology, by collecting
more biological data across spatial and temporal scales. It is challenging for one research team
to collect data all over Wisconsin during each crop bloom. With your eyes on the ground, we
can gather a more robust dataset on wild bee abundance, pollination, and ultimately their

impact on fruit set and yield in our food system.

Q, Search

Pollinator Resources

4:41

TIME REMAINNG

* *

™ ol

—r— T Y
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https://pollinators.wisc.edu/wibee/how-to-get-started/



https://pollinators.wisc.edu/wibee/how-to-get-started/

Categories of bees in the application

Bumble Bee Large Dark Bee Honey Bee

S A

Green Bee Small Dark Bee Non-Bee

+




Bee ID Guide fnr the

Using the WiBee app, you will be

categorizing the bees you

observe visiting flowers into only

five broad morphogroups: the
honeybee, bumble bees, large
dark bees, small dark bees, and
metallic green bees.

There are over 400 species of
native, wild bees in Wisconsin.

Different bee species prefer
different flowers and are
pollinating at different times of
the day and the growing season,
so the bees you see throughout
the season will vary!

1
¢ » Hairs are much smaller and less

https://uwmadison.app.box.com/v/wibeelDGuide

" LARGE DARK BEE

Family: Apidae, Andrenidas, Colletidae,

i Halictidae, Megachilidae. .

i » Medium to large size (honey bee
i sizeorlarger).

¢ » Abdomen striped or solid.

: = Dark brown, black or deep blue

100+ species in Wisconsin

colored. Can have light-colored

hairon body. Body size: Over 1,2 inch long

¢ This diverse group of solitary bees includes mining bees, mason ¢
: bees, and leafcutter bees, and they each have very different :
; nesting and foraging behaviors. A mining bee, for example,

¢ will nest in underground tunnels. A mason bee will often find a
¢ hollow stem or beetle burrow where she builds her nest.

Pa Tiny to small (ant size or

smaller).
Erc.ungj]black, or golden colored.

. i!
noticeable. Bodies narrower.

Body stze: ~ less than 1,4 inch long

: This group of tiny to small solitary bees includes many species
¢ of sweat bees, carpenter bees, and more. Look for them

: crawling around inside flowers. A carpenter bee will create her
¢ mestinwoody stems and twigs while other bee species will

¢ excavate a nest in the ground.

» Pollen in tight balls on leg,

individua

- SMALL DARK BEE <66+ speciesiniisconsin

Family: Andrenidoe, Apidae, Colletidoe,

 GREEN BEE

! = Metallic green on all or part of
i body.
i » May havestriped yellow & black

 BUMBLE BEE

! Bombus spp.
i Family: Apidao i
i ow Largo to very large size. :
: = Dense hairu:ouerr%@entire body. ;
. = Black & yellow coloring. A fow 1
:  species have brownjorange 3

Body size- 1,2 to 1 inch long
(Markings vary by spades)

patches.

¢ Due to their large size and dense hair, bumble bees can fly

: and pollinate in cooler temperatures and carry more pollen

i than other bees. They are also active the entire length of the

: Frt_Jwing season, from April to October. Bumble bees are social,
o livi

ving in ccl:ulnnies below ground with anywhere from 50 to 500

9 species in Wisconsin
} Agopostemon spp, Augochlong spp., Augochiorella spr., Augochlompsis spp.
i Family: Holictidao ;

: = Tinyto small {ant size or

smaller). i
+ W

abdomen. Bodies nammower. Body slze- - less than 174 Inch long

i These solitary sweat bees are very small but stand out due

¢ to their bright coloring. They are generalists, visiting many

: different types of flowers, and you can see them carrying pollen
: on their hind legs. They nest in the ground, and are most active
{ summer and fal%;f:L



https://uwmadison.app.box.com/v/wibeeIDGuide

A Quick Guide to Collecting Data

For each location, such as an orchard or garden, that you want to observe, plan
to complete 3 surveys per day on 3 different days. Each survey takes just 5
minutes.

» To gather the best data about wild bee pollination in your location, plan to
complete a minimum of 3 surveys per day on 3 different days (9 surveys total).

» |f you'd like to collect data on the bees at two different locations on a property
plan to complete 9 surveys at each one.

» |f you grow multiple crops that bloom at different times during the growing
season, surveying the bees pollinating each crop will provide a more accurate
picture of the local bee community.

When flowers are at peak bloom and the weather is appropriate for bee
activity, select a 3 by 3 foot area to complete a survey.

» Choose 3 different 3x3' areas in a location to conduct your surveys.
It's best to survey the same flower species in each of these 3 areas. Choose
areas based on the presence of blooming flowers, not based on the presence of
bees. The bees will come to the flowers!

» Survey when the flowers you are observing are at peak bloom.

» Survey only when bees are active. The weather should be sunny or bright (you
should see your shadow), 60 degrees F or warmer, and not too windy.

Use the app to RECORD FLOWER VISITS, NOT INDIVIDUAL BEES. Tap the
appropriate category each time a pollinator (bee or non-bee) lands on the
reproductive part of a flower.

» Asingle bee will often visit multiple flowers in your observation area. If one
bumble bee visits 5 flowers in your ocbservation area, record 5 bumble bee
flower visits in the app.

» It's okay if you don't observe any bees during the 5 minute survey. It's
important for us to record zero-visit data as well.




WiBee Data Dashboard  ssusevmsusccsube prjectsummary

Unique users: 537

View and explore pollinator data collected with the WiBee app Total completed surveys: 3,312
Most recent survey: 2021-11-20

Total insect observations: 154,000

Duluth D
—F 2 * Honey bees: 29,421 (30.2%)
' 0 e o Wild bees: 56,699 (58.3%)
/ = Non-bees: 11,181 (11.5%)
/ O

Dashboard can be sorted by:

= Year/Date
(2020-22)
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= Habitat / Management type
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» Crop/Flowering plant
(Fruits & Vegetables)



https://data-viz.it.wisc.edu/wibee/
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WiBee Data Dashboard

View and explore pollinator data collected with the WiBee app

View or download data from selected surveys:
Species composition Activity by date Surveys by date Compare habitats Compare managements

User statistics

Compare crops/flowers

All surveys (3312) Selected surveys (373)

View as data table

. B . S B
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WiBee Data Dashboard

View and explore pollinator data collected with the WiBee app

View or download data from selected surveys:

Species composition Activity by date Surveys by date Compare habitats Compare managements Compare crops/flowers View as data table

User statistics

Pollinator visitation rates by management type

B nNon-bees
" Small dark bees
= 33 B Large dark bees
g B EBumble bees
o 30 B  Honey bees
|-
[ah]
O 25
]
]
- 20
L1
5]
i
E 15
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(138) Conventional (235) Organic

This chart compares total pollinator visitation rates by user-reported management practices. The number of surveys represented by each practice is shown in parentheses in the labels.
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WiBee Data Dashboard

View and explore pollinator data collected with the WiBee app

View or download data from selected surveys:

Species compaosition Activity by date Surveys by date Compare habitats Compare managements

User statistics

MNumber of visits per suryey

Pollinator visitation rates by plant type

Compare crops/flowers View as data table

Mon-bees
Green bees
Small dark bees
Large dark bees
Bumble bees
Honey bees

-

Y TN R



Protecting pollinators through conservation

Resources for Growers

Farming for Bees: Guidelines for Providing Native Bee Habitat on
Farms. (The Xerces Society)

A detailed PDF booklet describing actions farmers can take to

protect bees on their farm.

Protecting Pollinators and Improving Pollination on Wisconsin

Cranberry Marshes. (University of Wisconsin-Madison Extension)

Wild Pollinators in Wisconsin’s Apple Orchards. (UW-Madison
Department of Entomology)

Wild Pollinators of Eastern Apple Orchards and How to Conserve
Them. (Cornell University, Penn State University, and The Xerces
Society)

NRCS portal: How Farmers Can Help Pollinators

A portal to USDA sponsored programs for pollinator

conservation.
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