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Got Pests? Learn The Best rtles
For Preventing And Mitigating Pests

Raymond A. Cloyd
Professor and Extension Specialist in Horticultural Entomology/Plant
Protection
Department of Entomology: Kansas State University; Manhattan, KS
Phone: 785-532-4750/785-236-9150 Email: rcloyd@ksu.edu
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Pests of Cannabis
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Dealmg Wlth Pests In The “Front End” (Early In Productlon) Wlll Mitigate Havmg
To Deal With Pests On The “Back End” (Later In Production): Proactive Approach!




Once The Crop Is In Reproductlve Mode (Phase) Then Options Are
Limited Regarding Managing Insect And/Or Mite Pest Populations




Key Plant Protection Strategies That Need To Be
Implemented To Prevent Or Mitigate Pest Problems

~* Identity insect and mite pests
Hﬁigzmm * Scout crop regularly %
* Implement sanitation praelces
* Establish a biological m
RS program 0T g
wst 9 * Educate yourself v




Questions That You Need To Know
Associated With Insect And Mite Pests

% What life stages are susceptible to 7
biological control agents or pesticides?






Insect And Mite Pests Of Cannabis Crop
_ * Aphids (follar-feedlng) A

* Thrips A
~ * Twospotted spider mite ™ §

omm * Hemp russet mite
* Broad mite
* Root aphids

* Whiteflies
* Fungus gnats
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Biocontrols:

Aphidoleres, Aphidivs spp.,
Lacewings, Ladybugs and
alfer native predatarng,

Biocontrols:
Curatives
Drench with Boteniganiliicd

Préseitativie:
PFR-97, Grandevo, Dalotia spp.

Biocontrols:
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Powdery Mildew
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Biocontrols:

Cease; Milstop (or Kallgreen),
Actinowate; Zenokol,
Sil Mistriz Procidic 2




Reproductive Capacity Of Certain Insect And Mite Pests
Impacts Your Ability To Eftectively Manage Insect And
Mite Pest Populations: ‘Numbers Game’




Aphid Reproducton (Parthenogenesis):
‘Numbers Game’



‘Many’ Aphids Can Be Produced In A ‘Short’ Period Of

In 5 Generations, A Single Green Peach Aphid May Give Rise To
13,552,028 Individual Aphids (Harrison, 1969)




Aphids On Underside Of Cannabis Leaf




Twospotted Spider Mite Feeding Damage On Cannabis Leaves
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Scouting I ermining The
Trends Associated With Insect And Mite Pest Populations




Scouting For Insect And Mite Pests Using The Beat Method, Which Will
Help Determine Presence Or Absence Of Insect And/Or Mite Pests

»
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Insect And Mite Pests Are Typically Located On Leaf Undersides.
S0, Look Under Leaves For The Presence Of Insect And Mite Pests




Use A 10- Or 16-Power Hand Lens To Observe Insect And Mite Pests On The
Underside Of Leaves Or On A White/Black Sheet Of Paper When Scouting
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Population Trends Of
Insect And Mite Pests
Are Dependent On
Temperature And Stage
Of Plant Growth
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Month

Average of weekly thrips captured per month

Figure 1. Mean of weekly western flower thrips, Frankliniella occidentalis (Pergande) adults captured on blue sticky cards per month for 1994 and 1995.
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This Is What Can Happen If You Do Not Scout Regularly For Insect And
Mite Pests, Such As; Twospotted Spider Mite, Tetranychus urticae




The First Line Of Detense
Against Insect And Mite
Pests, And Plant Diseases
Involves Implementing
Appropriate Sanitation

Practices 'ﬂ’;&




Greenhouse
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Sanitation: the first line of defense

Features - Pest & Disease

Proper practices can reduce insect and mite pests and disease difficulties.

f |w]c-|in|=
Raymond Cloyd




1‘::. MICHIGAN STATE UMNIVERSITY

MSU Extension

Events Counties Staff Directorwy Ask AN Expert

Greenhouse sanitation is the first step In
managing pests and pathogens

Following these simple sanitation protocols may help greenhouse businesses prevent pest
outbreaks.

September 8, 2014 - Author: Kristin Getter, Michigan State University Extension, Department of

Horticulture

Im light of recent floriculture
disease outbhbreaks during the
last two production years {(see
these Michigan State University

- EE

Extensicon articles: “lmpatiens
downy mildew: Outbreaks

reported in Michigan and nearkbw

states™ and “Common guestions

and answers about tobacco

mosalc virus™), noww may be a

good time to review your
greenhouse sanitation protocols.




Fundamentals Of Greenhouse Sanitation

* Place all debris into refuse containers with tight-
sealing lids or dispose of debris into dumpsters or
‘compost piles.’

* Eliminate algae from benches and floors.

* Remove undesirable plants (weeds), and plant
and growing medium debris.

* Dispose of old stock plants or any left-over plant
material.

* Clean plant containers thoroughly if they are to
be re-used.



Top Five Sanitation
Tips
1. Throw Away Dead
Plants
2. Pick-Up All Plant
And Leaf Litter
3. Clean Filters
4. Use Filtered Water
5. Clean Bench
Surfaces, Tools, And

Containers

sanidad: Los

2ad plants
Throw away dead p
in a garbage bin with a

cover, and empty the
garbage bin frequently.

2

Do not leave parts of tbe e
plant or leaf litter behind. \.’1

Clean your filters.

(I using self-cleaning
water filters, check to
make sure they are
working properly.)

Use filtered water on
plants and surfaces to
reduce disease inoculum.

Clean surface of benches,
tools, and pots with

ch rine bleach or other
sterilizing agent.

%,

L=

FITERED WATER

g o

/ BLEACH

S Top Five Sanitation Tips
5 consejos mas importa

*

Tire las plantas muertas
en un bote de basura
con tapa. Desoctpelo
frequentemente.

No deje tiradas hojas
o partes de las plantas

Limpie los filtro

(Si son filtros
limpian solos, revise
asegurese d
trabajando c

Use agua filtrada e
plantas y superficies para
reducir enfermedades

Limpie la superficie de
bancas, las herramientas
¥ los recipientes con cloro
u otro desinfectante.




Implementing A Proper Sanitation Program Can Reduce Problems With
Insect And Mite Pests, And Plant Pathogens (Fungi And Bacteria)
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oncrete Flooring Can Alleviate Problems
With Algae And Weeds
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Extension
Publication
Sanitation Insect
Pest Management
In Greenhouse
Production
Systems (MF3592
September 2021)

http://bookstore.ksre.ksu.edu/pubs/MF3592.pdf

Kansas State University Agricultural Experiment Statlon and Cooperative Extenslon Service




Types Ot Blologlcal Control Agents

;. Beneficial
™ Nematodes '



Predatory Mlte
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Beneﬁc1al Nematodes
Biological
Control Agents|
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A Wide-Variety Of Biological Control Agents, Such As; Parasitoids And
Predators Are Commercially Available From Distributors Or Suppliers

Mirskiline
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EXtiniiil

EXP DATE - 02/28/2019

Nemasys’

Advanced Biocontrol for Fungus Gnats and Western Flower Thrips in Greenhouse Growing

Operations
STORE IN nemm—::gon 41°F (5°C)

DO NOT
DO NOT LEAVE IN BRIGHT SUNLIGHT
USE BEFORE EXPIRATION DATE

Batch: 0020082613

This product does not require a
hazard warmng in accordance with

GHS crena.

LT

Contents: 5 x 250 million

Product of LK

A

Aphid Parasitoid (Aphidius ervi) | | Beneficial Nematode (Steinernema feltiae)




Chrysopa carnea || Phytoseiulus || Aphidoletes
-& perszmllls

aphidimyza

.
- “5

>
WG
-_i

CHRYSOPA-
SYSTEM

Containers Of Different Biological Control Agents



Table 1. Predators and Parasitic Wasps Commercially Awvailable for Insect Pest Management in Fruits and Vegetables

Examples of Suppliers & Products
Koppert Biological

Common MName Mode of Action

Target Insect

Biological Control Agent

Systems

Syngenta-Bioline

Aphid

Adalia bipunctata
Aphidoletes aphidimyza
Chrysopera carmea
Episyrphus balfeatus
Aphefinus abdorminalis

Aphidius colermani

Lady beastle
Gall midge
Lacewing

Swyrphid fly

Parasitic

Parasitic

wasp

wasp

Predator
Predator
Predator
Predator
Intennal

Imtermal

parasite

parasite

Aphidalia
Aphidend
Chrysopa
Syrphidend
Aphlin
Aphipar

Adalline
Aphidolime
Chrysoline c
Apheline
Aphiline c

Leafminer

Dacnusa sibrhica

Dvglyphus isaea

Parasitic

Farasitic

wasp

wasp

Intermmal parasite

Intermal parasite

Diminex

Miglyphus

Dracdigline
Diglime i

Mealy bug

Anagurus pseuwudococcy

Leptormasiix dactyfopi

Cocoidoxenoides paerrminufus

Crypiolaemus monfrouziern

Parasitic
Farasitic

Parasitic

Predatorny beetle

wasp
wasp

wasp

Intermal parasite
Intermal parasite
Intermal parasite

FPredator

Citripar
Leptopar
Planopar

Cryptobug

Cryptoline m

Caterpillars

Hypoaspis aculifer
NMacrolophus caliginosus

Trichograrmma brassicas

Predatory mite

Predatorny bug

Parasitic

wasp

Predator
Predator

Intemal parasite

Entomite A
Mirical

Tricho-strip

Macroline

Tricholine

Spider mite

NMacrolophus caliginosus
Amblyseius californicus
Felfiella acansuga

Phytoseiulus persimilis

Predatory bug

Predatory mite

Gall midge

Predatorny mite

Fredator
Predator
Fredator

Predator

Mirical
Spical
Spidend
Spidex

Macroline

Ambhyline

Phytoline

Hypoaspis miles
Amblyseius swirskii
Orus insidiosus

Orius majuscules

Predatorny mite

Predatorny mite

Predatorny bug

Predatory bug

Predator
Predator
Predator

Predator

Entomite m
Swirski-mite
Thripor - |

Hypoline m
Bugline s
Oirilime i

Orilime m

Whitefly

Erafrmocerus ernsrriicus

Erefrnocernis ersamicus +
Erefriocerus munadus

Encarsia forrmosa

Erncarsia formosa +
ErefrmocerLs ersiticus

Amiblyvseius swirskis

Parasitic
Parasitic

Farasitic

Parasitic

wasp
wasp

wasp

wasp

Imtermal parasite
Intemmal parasites

Intermal parasite

Parasite premix

Predator

Ercail
Bemimix

En-Strip
Enermming

Swirski-mite

Eretline e

Encarine

Bugline s




COMMONLY USED PREDATORY MITES FOR

GREENHOUSE BIOL

Neoseiulus (Amblyseius) cucumeris
* Target pest: Thrips immatures, spider mites.
* Tan-yellowish; survives on pollen and

spider mites in the absence of thrips.

Ly
2
[~
» b
|

Neoseiulus (Amblyseius) californicus
» Target pest: Spider mite, broad mite,
cyclamen mite.
* Pear shape; clear to pale yellowish-orange;

slower predation rate; also survives on pollen.

l‘

L g ' A
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Phytoseiulus persimilis
» Target pest: Spider mites (all stages).
* Bright red-orange; fast-moving; very high
predation rate.

Neoseiulus (Amblyseius) fallacis
» Target pest: Spider mite, russet mite,
European red mite, cyclamen mite.

* Pear shape; clear until it feeds on prey; high

predation rate; survives on pollen without prey.

OGICAL CONTROL

%

Hypoaspis miles & Hypoaspis aculeifer
* Target pest: Fungus gnat and thrips larvae and
pupae; shorefly larvae.

» Dark tan above, light tan below; soil-dwelling.

£.
[ N

Amblyseius swirskii

» Target pest: Thrips larvae and whitefly
eggs and immatures.

» Whitish; high predation rate; works in

cool winter months; can survive on pollen.

Photos by Jack Kelly Clark, UC [PM Program, D.A. Raworth, Agriculture and Agri-Food Canada, Koppert Biological Systems and Syngenta Bioline
© C.E. Frank & M. Skinner, University of Vermont, Entomology Research Laboratory 2006




Biological Control Agents For Aphids: Parasitoids
(Aphidius colemani, Aphidius ervi, Aphidius
matricariae, and Aphelinus abdomalis)

Table 1. Commercially available aphid parasitoids and the aphid species they will attack.
Aphid Species
Parasitoid Green Peach Aphid | Melon/Cotton Aphud | Potato Aphid | Foxglove Aphid
Aphidius ervi X X




Western Flower Thrips Life Cycle

What Life Stages Do Biological
Control Agents Prey Upon?

* Neoseiulus (Amblyseius)
cucumeris: 1%t Instar Larva

* Amblyseius swirskii: 1t (and
maybe 2"9) Instar Larva

* Orius insidiosus: 1%, 2" Instar
Larvae, and Adult

* Stratiolaelaps scimitus
(‘Hypoaspis miles’): Pupae

* Dalotia (Atheta) coriaria: Pupae




Releasing Predatory Mites Among A Crop
Using Sachets




i United States
- EPA Environmental Protection
\.’ Agency

Environmental Topics Laws & Regulations About EPA Search EPA.gov

- D\ 2 )
Related Topics: Ingredients Used in Pesticide Products | Pesticides CONTACTUS ~ SHARE '.n'ff,.' ) I@I

What are Biopesticides:

Biopesticides are certain types of pesticides derived from such natural materials as animals, plants, bacteria, and certain minerals. For
example, canola oil and baking soda have pesticidal applications and are considered biopesticides. As of April 2016, there are 299 registered

biopesticide active ingredients and 1401 active biopesticide product registrations.

View a list of biopesticide active ingredients.

On this page:

Classes of biopesticides

Advantages of using biopesticides

How EPA encourages the development and use of biopesticides

For more information




Biopesticides

* Biopesticides are types of pesticides that are
derived from natural materials; such as,
animals, plants, bacteria, and certain == = =
minerals. ’

classes:
—Microbial pesticides
—Plant-incorporated protectants

—Biochemical pesticides



Biopesticide Classes

 Microbial pesticides (or mycoinsecticides): consist of a

microorganism as the active ingredient (e.g. fungus,
bacterium, virus, or protozoa) that is highly s\electivgﬂ |
in activity against specific target insect pests. B =

* Plant-incorporated protectants: substances that lants
produce based on genetic material that is 1ncorp0rated
into plants.

* Biochemical pesticides: naturally occurring substances
such as semiochemicals that control insect pests by ¢ %é%
non-toxic mechanisms (e.g. insect sex pheromones).




—| Bacteria — Bacillus thuringenesis

Plant Incorporated protectants (PIP)

> | Biochemical

\\\ Pesticides

Biological Euntrﬂl
| Agent

k
W,

Microbial | -
_ Festic'rdes i
Biopesticide: .~



* Narrow target pest activity
* Complex modes of action

Characteristics Of Biopesticides

8 * Influenced by environmental
#Y conditions (temperature, relative §§
humidity, day length, and light intensity)




Advantages Of Biopesticides

*Less toxic than conventmnal




Disadvantages Of Biopesticides

% ﬁ Wer rate of kill compar to
ERige s conventional pesticides [

- O--
W
=

* Narrow-spectrum of pest activity

Sy

persistence in the environment

i
W

%=~ Susceptible to unfavorable ?,‘fy

environmental conditions




* Short-residual activity.

* Sensitive to ultra-violet (sunlight) degradation
and rainfall.

* Primarily active on the young (immature)
stages of insect pests.

* Less harmful to biological control agents such
as parasitoids and predators compared to
conventional pesticides. L

* In general, low mammalian toxicity. 3 Yo ;;.»'.‘f;:}

e Usually takes longer to Kkill insect pests.




Difference Between Bacteria And Fungi

* Bacteria: have to be consumed (stomach |
poison) to be effective. Cause septicemia, R
which results in death of insect pests. \

* Fungi: can directly penetrate through the
insect cuticle and initiate an infection. Use a
combination of enzymes and mechanical
pressure to penetrate the insect cuticle. The
entomopathogenic fungus grows into and
proliferates within the hemolymph (blood or
body cavity) of an insect pest. Death occurs
within 4 to 7 days.




Spores >

Insect Cuticle > IR ' : =577
Hemolymph > . RV D :

(Insect Blood)

Hyphae produce new Spore attaches to insect cuticle.
spores under adequate Spore germinates and recogniz-
humidity that are readily es it is on insect cuticle.

airborne. @

Infection process
for Met52

Hyphae grow from within Spore forms appressonium
cadaver penetrating out infection structure.
through cuticle.

\

<

Protoplasts form in hemolymph (insect blood) Spore penetrates cell wall by
~ to evade the host defense system and physical and enzymatic
circulate to create infection, killing the insect. means.




Commercially Available Microbially-Based
Entomopathogenic Fungi

*-Beauvema bassiana strain PPRI 5339 (Vellfer)
* Isaria fumosoroseus Strain FE 9901 (NoFly)

(Ancora)

* Metarhlzlum brunneum (=anisopliae) (Met52)



For use in controlling Whitefly, Aphids, Thrips, Psyllids, Mealybugs, Leathoppers,
Weevils, Plant Bugs, Borers and Leaf-feeding Insects in Field, Agronomic,
Vegetable and Orchard Crops; Grasshoppers, Mormon Crickets, Locusts and Beetles
Bl in Rangeland, Improved Pastures and Agronomic Crops; Whitefly, Aphids, Thrips,
Psyllids and Mealybugs in Vegetables and Oramentals grown in Indoor/Outdoor
Nursery, Greenhouse, and Shadehouse.

Active Ingredient: Beauveria bassiana Strain GHA ....... 10.9%*

(TS0 720111 —————— 89.1%

*Basec ; I per
Mycotrol O contains 2 10" iable spores per quart,

KEEP OUT OF THE REACH OF CHILDREN

swobetien - (ATITION s e




MYCOINSECTICIDE

Mycotrol O

OMRI
SHAKE WELL

Listed by the Organic Materials Review

Institute for use in organic production
Store between

Manufactured for 40°F and 85°F

NAVERYM ¢

INTERNATIONAL

Edition 050320CFQ Net contents: One Quart

POWDER MYCOINSECTICIDE

Mycotrol wpo

For use in controlling Whitefly, Aphids, Thrips, Psyllids, Weevik and Mealy-
bugs in Ornamentals and Vegetables, IndoorfUutdoor  ursery, Greenhouse,
S|| " D 7 . r P E B 2
Active Ingredient: Beawveria bassiona Strain GHA. ... .22 .0%*
T EEPRIIEINNE . .. v sm o o 5.0
Total  T00.0%
-'"". -.-l'-lcl;flr- :'t"..l--l-.'.l.'u R..:IB-!- lates P
MYCOTROL WPO contains 2 x 10" viable spores per pound.
KEEFP OUT OF THE REACH (OOF CHILDREN
store between

40°F and BS°F CAUTION
See addinonal precautionary statements and first aid statements in attached booklet.
g AT s

] I|-|. f ll §

LAM INTERNATIONAL CORM
117 & Parkenoni: PO, Box £ 109 Butte, MT 59702 Phe (S06)TE2-2386: Faxc (906) TR2-0012
EPA Registration MNumber 82074-1 EPA Establshment Mumiber 63626-M [ -02

Edition: Lot No.:
Net Contents: One Pound Expiration Date:




BASK

We create chemistry

Velifer™

Fungal Contact Insecticide/Miticide

Qil Dispersion Spore Concentrate of Beauveria bassiana strain PPRI
5339

For bialngical control of the labeled piercing and sur::lcing insect or
mite pests in enclosed commercial greenhuuses on ornamentals,
fruits, vegetables, herbs and spices, including vegetable, fruit, herb,
and spice transplants for the consumer market

Active Ingredient:
Beauverna bassiana strain PPRI 5339*
Ot her INOre e m S it ittt o i e a o a e a e e eanaa ... 92.00%%

B = = 1 =R 10000
SOmtalns a mimirmurm ol 501707 viabla Sporas per il

EPA Reg. No. 7T1840-22 EPA Est. No. 67064-ZAF-001

KEEP OUT OF REACH OF CHILDREN

CAUTION/PRECAUCION




1tis a violation of federal law to use this productin a Velifer™ is a broad spectrum biological
manner inconsistent with its labefing. DO NOT apply this | insecticide/miticide used for biological control of aphids,

mealybugs, mites, thrips, and whiteflies on omamentals,|  The use of additives or spray adjuvants is not required
fruits, vegetables, herbs, and spices grown in enclosed |  when making an application of Velifer. Always test
commercial greenhouses. This includes commercial proposed tank mixes on a small group of representative
production of fruit, vegetanle, herb, and spice ransplants  plants prior to large-scale use.

for the consumer market.

iaTals



See inside for full instrur

“>BioCeres WP

BIOLOGICAL MYCOINSECTICIDE

WETTABLE POWDER | AGRICULTURAL CROP USE

z ia bassiz ‘ Manufactured by:
Active Ingredient: Beauveria bassiana strain ANT-03 e
= 278, rang Saint-André

Other Ingredients: % :
Total:........... i - )
; . St—]acqua&-ia—lﬂin&ur“ﬁnébec .IUJ 120 Canada

EPA Est. un..-'ssﬁnn-t;@rg-_ i ;
EPA Reg. No.; 89600-2 3=~ =+ KEEP OUT OF REACH OF CHILDREN

5 16100 A=
vl 091515_{1510-0.&4?__ : | ~ CAUTION
: FIRSTAID —

‘* Hold eye open and rinse slowly and gently with water fnrim

5 minutes, then continue riffsing eye
= Call a poison control center ordoctnrfurheatmgﬂ&duﬁ@

= Move person to fresh air.
= If person is not breathing, call 911 Or an z

- Callapmsonmtmlmntuw

= Call a poison control center ¢
= Have person sip a glass of water if§
* Do not induce vomiting unlass

- Dnnutgweanylhmghy

Have the product container or label yo
1-800-222-1222 for emergency me """'j -t

Store between 45°F and 85°F




WP

Wettable Powder
Mycoinsecticide

For Greenhouse Use Only

ACTIVE INGREDIENT:
Paecilomyces fumosoroseus strain FE 9901
Inert Ingredients

* Contains a minimum of 2x10° colony forming units of Paecilomyces
fumosoroseus strain FE 9901 per gram (Dry Weight Basis)

KEEP OUT OF REACH OF CHILDREN
CAUTION
See back panel for additional precautionary statements

FIRST AID

If inhaled:

* Move person to fresh air.

* If person is not breathing, call 911 or an ambulance, then give artificial
respiration, preferably by mouth-to-mouth, if possible.

* Call a poison control center or doctor for treatment advice.

If om skin or clothing:

* Take off contaminated clothing.

* Rinse skin immediately with plenty of water for 15 — 20 minutes.
* Call a poison control center or doctor for treatment advice.

Have the product container or label with you when calling a poison
control center or doctor, or going for treatment.

EPA Reg. MNo.: 73314-6
EPA Est. No.: 73314-TX-001

Met Contents: 2-lbs (912 g)

Manufactured by:

Matural Industries, Inc.
12320 Cutten Rd
Spring, TX 77066

Lot Number:
Best If Used By: 3 months from
manufacturing date

OMR

Pellary b ueed I organes production.

For use in controlling Whitefly, Aphids,
Thrips, Psyllids, Mealybugs, Leaf hoppers,
Plant bugs, Weevils, Grasshoppers,

Mormon Crickets, Locust, Beetles and
Fungus Gnats on non-food crops and
ornamentals in greenhouse.




PFR-97 20% WDG

Greenhouses and Nursenes

For the Control of insect pests on Ornamental Plants Grown in

Do not apply to food crops. S
highest application rate

This bag will treat up to 0.3 acre when used at the

Active Ingredient: Net Contents: 1 pound
Paecilomyces fumosoroseus

o1 1
o .

bd (i' ‘«.-A.‘

EPA Reg No
EPA Est. NoO

* Contains 1 x 10* CFUI/g Apopka Strain 97 (ATCC 20874) (equivalent 10
0.014% technical grade active ingredient)

KEEP OUT OF REACH OF CHILDREN
CAUTION




FOR ORGANIC PRODUCTION
For control of insect and mite pests on vegetables, fruits,
ornamental plants grown in greenhouses or other cover, or in nurseries.

ACTIVE INGREDIENT:
Isaria fumosorosea Apopka Strain 97 (ATCC 20874)
(formerly Paecilomyces fumosoroseus)

*Contains 1 x 10° CFU/g (equivalent to 1.4% technical grade active ingredient)
EPA Reg. No. 70051-19-59807 EPA Est. No. 70051-CA-001

KEEP OUT OF REACH OF CHILDREN
CAUTION




GREENHOUSES (AND OTHER COVER), NURSERIES, AND LANDSCAPES (continued)

Foliar (Spray) Application

For control of whiteflies (Bemisia and Trigleuroides spp.), aphids, thrips, spider mites, leaiminers (Linfomyza spp.), citrus
leafminers, mealybugs, psyllids, and plant bugs (Lygus spp.)

To control black vine weevil and other rool weevils, crown weewils, thrips pupae, rootworms, wireworms, Coleoplera grubs and
larvae, Lepidoplera caterpillars and larvae

Drench application: Apply

Chemigation: ANCORA may also b

AR ML LS Ly Sl PO L WS R =L

Soil injection against root-feeding insects: The ANCORA suspension

s 7 r b
AR | ine SCLOr.  Injecl




FIRST AID

IF IN EYES:

bioinsecticide

ACTIVE INGREDIENT
fetarvoum ansopiae S IF INMALED:
OTHER INGREDIENTS**
[oita

IF 0N SKIN OR
CLOTHING:

KEEP OUT OF REACH OF CHILDREN
CAUTION
PRECAUTIONARY STATEMENTS IF

SWALLOWED:
HAZARDS TO HUMANS AND
DOMESTIC ANIMALS

HOT LINE NUMBER 1 L

ap win

Herer the prody h “Efmem
ap n enber ar dockor or gaing for eatment . MOplioe Strain FS2* 11.0%
NoOVOZYmes ¢ emergency information on hes peticide product CraAREDIENTS .« 89.0%
Sinz heakh concems, medical emergande e . 100.0%
Rethink Tomoeom i s ; : "- [
Nowozymes Biologicals Inc
5400 Corporate Cirde
Lalem, VA 24153
1-800-245-4104

NOTE TO PHYSICIAN
Net Contents: ———— e
1.06 quarts {1L})

Chrmamintal
plamts and
grasses: shrub




Commercially Available Microbially-Based
Entomopathogenic Bacteria

* * Bacillus thuringiensis subsp. israelensis f
A (Gnatrol) Sy
* Baczllus thuringiensis subsp. kurstaki (Dlpel)

* Chromobacterium subtsugae Strain PRAA4-1"
(Grandevo)

* Heat killed Burkholderia spp. Strain A396
(Venerate) |




TEAR COR.

Bn@u@@n@au nms@@nﬂ@ﬂ@@

5 B | % o
U ' = B10LOGICAL INSECTICIDE DRY - LOW E
> ¢ by F:0 :
; 4 ACH
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Active I

{ [
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Bacillus thuringiensis subsp kurstaki (Btk)
Product (Dipel): Only Kills Caterpillars
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20 PRECAUTIONARY STATEMENTS

21 HAZARDTO HUMANS (AND DOMESTIC ANIMALS)
CAUTION

Harmill f inhaled. Avoid breathing dust. Remove contam-
inated clothing and wash before reuse. Causes moderate
eye imitation. Avoid contact with eyes or clothing. Wash
fhumLJuhl y with soap and water after handing.

Gnatr()l WDG 22 Personal Protective Equipment (PPE)

BIOLOGICAL LARVICIDE

N\ FOR QRGANIC PRODUCTION

Active Ingredient:

Bacillus thuringiensis, subsp. israefensis, strain

AM 65-52 fermentation solids and solubles......... 374%

Other Ingredients ............................ 626%
100.0%

[Potency: 3000 Intemational Toxic Units (ITU) per mg].
Equivalent to 1.3 billion [TUMb.

The percent active ingredient does not indicate product

Bacillus thuringiensis subsp. israelensis (Bti) Product

Applicators and other handlers must wear:

+ Long-sleeved shirt and long pants

+ Waterproof gloves

+ Shoes plus socks

Follow manuiachurer’ insiructions for cleaning maintaining
PPE. ff no such instructions for washables, use defergent
and hot waler. Keep and wash PPE separately from other
laundry.

Mixer/loaders and applcators not in enclosed r-ab‘ or
aircraff must wear a dustimist itering respirator
NIOSH standards of atleast N-95, R85, or P-&

aynnelra t hinh ronrentrafiong of micmhial armteing can

BIOLOGICAL LARVICIDE m

HI:IfﬂrI'I'I Gro

LARY
e anzzls—-n:lu-ruy!te.ﬂ'.l:mlrt:mu:ﬂtl"

cAU110N o cAUTIONAY ST

a better tomorrow.

1 C1DE|["

N TS

(Gnatrol): Only Kills Fungus Gnat Larvae




((GRANDEVO

Active Ingredient:
Chromobacterium subtsugae strain PRAA4-1"and

spent fermentation media*
Dther INGIEAIENES: ..ottt bbb et ss st eeb s et bbb ea bR a st 70 D%

0.0%

*Cantalns not less than ], OOO Cabbage Locrper Klllmg Units (CLKU)/mag.

Ornamental PIants - Ground application only to non-bloomlng plants

1.40 to 4.19 Tablespoons of GRANDEVO CG per 1,000 square feet
Loopers, tobacco budworm, omnivorous looper, omnivorous leafroller, diamondback moth, armyworms, ello moth, lo moth, oleander
moth, and azalea caterpillar




l{VENERATE

Active Ingredient:
Heat-killed Burkholderia spp. strain A396 cells and spent fermentation media” 94.46%
Other INGIEAIBNLS: ... s st b 5.54%

TOTAL oottt 100.00%

‘Contains not less than 1,500 Beet Armyworm Killing Units (BAWKU)/mg. Note: The percent active ingredient does
not indicate product performance and potency measurements are not federally standardized.




Flowers, Beddn
14 quarts of VE

1 Plants and Omamentals
NERATE XG per acre or 1+4 g0

ATVWOTS, Azd

(leander moth, OmniaroLs leafio

4 QUarts of VE

105 Azalea face bug,

NERATE XC per acre or 24
15, Mites, Thios

(larts of VENERATE XG per 100 galons of water

g3 caterilar, Diamondack moth, Elo moth, Lo math, Loapers
B, OMNOYOUS Koape!, ooacea Dudwo

uarts of VENERATE XG per 100 qallons of water

Whitefles




Plant-Incorporated Protectants

N B\
Re for | J
AgriculturaliComs ial Use 1 %‘Eﬁ i
Alrtr'v!lﬂgf fents: ‘ i

mecxm L

AS M, 1% " g
m&sn 2.0%'

her Ingredien 98.0% |
al: | 00.0%
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] ous lar
ge feeding wo: s, fire ants and other
L d pests infesting:
jl ' Fruiting vegetables, stich as tor

s lettuce,

getables, such aS/potatoes,
28, yams, Jerusalem
.tChlne‘se artichoke and ci

of Chfldu,n o
Refer 1o back panel I.IM: hmnalt""
additic Iptecautl pet

Ornamentals (Herbaceous and Woody) Growing Outdoors, in Nurseries (Including Conifer Seed Orchards),

or in Greenhouses

Pests

Conserve SC
fl oz/gallon

Conserve SC
fl ozM100 gallons

Conserve SC
fl ozfacre

chrysomelid leaf feeding beetles, such as:
alm leaf (1)
wviburnum leaf (larvae)
willlow laaf (1)
European grapavine maoth
lapidopterous larvae, such as:
azalea caterpillar
bagwaorm
el ArmTyWOr
cabbage looper
California cakworm
cankarywonmm
diamondback rmoth
aastern tant caterpillar
fall wabworm
Florida fern caterpillar
geranium budwaorm
gypsy math
light brown apple moth
oblique banded leafroller
oleander catarpillar
orange striped cakworm
spruce budwaornm
tussock moths (hickory, whitemarkead)
wiastarm tent caterplllar
wintear moth
yvellownecked caterpillar (2)
sawfly larvae, such as:
Europaan pine
paar
redheaded pina
shore fiy
thrips (axposad) in greenhouse settings, such as: (3)
chilli
Cuban laural
wastern flower

0.06
(1.77 mL)

G
(177 mL)

24
(F09.8 mL)

dipterous gall midges
pinyon spindlegall

thrips (axposad) in outdoor sattings, such as: {3
chilli
Cuban laural

western flower

0.1
(2.96 mL)

11
(325.3 mL)

44
{1301 mL)

Specimen Label Revised 07-13-15

Pests (Cont.)

Conserve SC
fl oz/gallon

Conserve SC
fl czM100 gallons

Conserve SC
fl ozfacre

dipterous leafminers, such as:
sarpantine [(4)
amearald ash boraer (5)
lenwis mites
Mantucket pine tip moth
spidaer mitas, such as:
SpPruce
two-spotted (6) (see & below for mite suppression/control
axpectations)

0.2
(5.82 mL)

22
(6506 mL)

B8
(2602 mL)




PLANT HEALTH

The use of entomopathogenic fu a co

production. What factors influence their dire

ntomopathogenic or beneficial fungi are relatively ubiguitous

wiorldwide and are commonly used in greenhouse production systems

to suppress populations of different insect pests, such as aphids, thrips
and whiteflies.

Entomopathogenic fungi, in general, infect the insect cuticle by means
of enzymatic degradation and/or mechanical pressure. Once inside the
host, the entomopathogenic fungus distributes throughout the haemocoel,
which is the primary body cavity that contains circulatory fluids. Death
normally occurs in three to 14 days after the conidia (spores) of the
entomopathogenic fungus contact the host.

Death may be caused by mechanical damage via spore penetration,
resulting in water loss, and/or poisonous toxins produced by the
entomopathogenic fungus. Mortality is generally dose-dependent, with
higher conidia concentrations leading to faster kill and enhanced mortality
rates of insect pests.

There are a number of pesticides containing entomopathogenic fungi as
the active ingredient that are commercially available for use in greenhouse
production systems, including: Beauveria bassiana Strain GHA (BotaniGard:
BioWorks Inc.), Metarhizum anisoplioge Strain F52 (Met52: Monsanto BioAg
Inc.), and Isario fumosorosea Apopka Strain 97 (Ancora: OHP Inc.). Direct
effects associated with entomopathogenic fungi involve acute mortality or
survival (longevity), over a specified time period, of the life stages of natural
enemies such as the egg, larva, nymph, pupa or adult. Indirect effects may

o

l:l"
nrum;;ynnlcm

biological parameters that may be indirectly affected by exposure to
entomopathogenic fungi include: host acceptance, reproduction, foraging
behavior, sex ratio, and host emergence (for parasitoids).

The integration of natural enemies and entomopathogenic fungi may
be influenced by food availability and avoidance factors. For instance,
any changes in host population numbers due to applications of an
entomopathogenic fungus may reduce availability of food sources,
thus indirectly affecting subseqguent natural enemy populations. In
addition, predators may avoid consuming hosts that are infected by
entomopathogenic fungi.

Entomopathogenic fungi produce volatiles or odors after infecting hosts,
which may mask the volatiles emitted by hosts that are used by predators to
determine their location. In all three instances prey search time increases,
predation rates decrease, and efficacy associated with regulating pest
populations is reduced.

Subsequent factors that also need to be considered in regards to the
direct and indirect effects of entomopathogenic fungi on natural enemies
are: 1) host treated with an entomopathogenic fungus may not be
acceptable as a food source for parasitoids or predators; 2) parasitoids
may avoid laying eggs into hosts already infected by an entomopathogenic
fungus (Figure 1); 3) entomopathogenic fungi may be able to outcompete
immature parasitoids developing inside hosts; 4) parasitoids may become
infected by an entomopathogenic fungus while developing inside an
infected host; 5) during searching, parasitoids and predators may encounter
free conidia of entomopathogenic fungi on plants and consequently become




Take Home Points To Consider

* Correctly identify insect and mite pests.
* Scout your crop to detect insect and mite pest infestations
early.
¥ Determlne extent of potential damage, and assess spatlal

Release appropriate biological control agent
* Conduct quality assessments of all biological control agents
released.

* Keep detailed records (documentation) of pest occurrence
throughout the growing season to track population trends of
insect and mite pests.

* Contact your state extension entomologist if need be.
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Ravmond A. Clovd
Contact Information
Phone: 785-532-4750
Cell Phone: 785-236-9150
Email: rcloyd@ksu.edu
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