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Bt Biolarvicides

Agree® WG Bt arzamen Lopidoptera (caterpillar) pests Yoz  Yes Yes 4Hrs |0 3-14 days
CryMax® WDG Bt kacrstakd strain EG7B41 | Lepidoptera (caterpillar) pests Na Na fes 4Hrs. 0 3-14 days
Deliver® Bt Jaerstakd Lapidoptera (caterpillar) pests Yes  Yes Yes 4Hrs (0 [T days
Javelin® WG Bt laersteke Lepidoptera (caterpillar) pests Yes  Yes Yes 4Hrms 0 314 days
Lepinox® WDG Bt lacrstalk strain EG7826 | Lapidoptera (caterpillar) pests No No  Yes 4Hrs. (0 3-14 days
Bioinsecticides
PFR-57™ Pascilanmyees fi w5 | Aphids, whitefies, thrips, mites, psylids [No~ No Mo OHrs. |NA |7-10 days
Insect Growth Regulators
Neemazad® 1% EC | Azadirachtin Leafminers, whiteflies, aphids Yes  Yes 'es 4Hrs. |0 32 days
Neamix® 4.5 EC | Azadirachtin Laafminers, whiteflies, aphids Yes Yes fes 12 Hrs. |0 3-21 days
Insecticidal Viruses
CYD-H% Cydin pomenella GV Codling math |arvae Yes Yes  'fes 4Hrs. 0 7-14 days
Gemstar® LC Helicoverpa zea NPV Com earwaorm larvae Yes  Yes |Yes 4Hrms 0 7-14 days
Spod-¥® Spodoplera exigua NPV |Beet armywarm lanvae Yes  Yes |Yes d4Hm, 0 -4 days
Insecticidal Soaps
DES-X* Potasium saks of fatty acids | Aphids, whiteflies Yes  Yes  Yes 12 Hrs. |0 7-21 days
Insecticidal Baits
Sedura® Spinasad Earwigs, cutwoms Yoz  Yes Mo 4 Hrs, | Varies |14-28 days
S'tE“ﬂg“' 0.5, orly) | o0 Phosphte Shugs, snails Yes  Yes |Yes DHrs. |0 1428 days
Bicfungicides
. . . Diamping off and other
SoilGard® Glioeladium virens GL-21 | F9 ELa0 5 s Yes | Yes DHE (0 7-28days
Trilogy® Carfied hydrophobic Powdery midew, rust black spot~ Yes  Yes  Yes AHs 0 7Mdeys
Biochemicals
Cusva™ Capper octancate Sacterial diorders, downy MW, yor  ves Yes 4Hrs. 0 7-10days
SikMATRIX® Dotassium silicate Powdery mildew, Botrytis, mites, aphids No Mo Yes 4HE 0 | 7-10days
Miticides (Acaricides)
Trlogy® Carfied hydrophobic Spider mites, broad mites, rust mitms | Yes  Yes  |Yes 4Hm 0 72days
SiMATRIN® Potassium silicate Mitas No Na fes 4Hrs. 0 7-10 days
Bionematicides
Plant parasitic nematodes, induding
MaloCon® WDG | Precilommyces lilacinus root knot, burrowing, cyst, root lesion, | Yes  Yes | Yes 4Hrs. |0 £ weeks
false roat knat and sting nematodes
Soil Fumigants
Basamid® G Dazomet Mo No Mo MHrs NA  NA

*Thess intervals are for genersl Information purposes. Actual use paitems.

may vary accondng to pest pressure, crop growth stage, and other drcum-
stances. All applications must be consistent with label use instructions.

1-800-250-5024
www.CertisUSA.com
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Agree® WG Bt arzamen Lopidoptera (caterpillar) pests Yoz  Yes Yes 4Hrs |0 3-14 days
B t d t CryMax®* WDG | Bt Jaorstakd strain EG7841 | Lepidoptera {caterpillar) pests Mo [No Yes 4Hr 0 3-14days
L p FO U C S Deliver® Bt lacrstakd Lepidoptera (catarpillar) pests Yes  Yes |Yes 4Hm, 0 3-14 days
Javelin® WG Bt laersteke Lepidoptera (caterpillar) pests Yes  Yes Yes 4Hrms 0 314 days
Lepinox® WDG Bt lacrstalk strain EG7826 | Lapidoptera (caterpillar) pests Na No  Yes 4Hrs. (0 3-14 days
PFR-G7™ Pm?w:sﬁ(mmus Aphids, whiteflies, theips, mites, psyllids | Mo No No OHrs. WA |7-10 days
Neemazad® 1% EC | Azadirachtin Leafminers, whiteflies, aphids Yes  Yes 'es 4Hrs. (0 32 days
Neamix® 4.5 EC | Azadirachtin Leafminers, whiteflies, aphids fes  Yes |Yes 12 Hrs, |0 3-21 days
= CfD-x® Cydin pomenella GV Codling math |arvae Yes  Yes | Yes 4Hms 0 7-14 days
VI rus prod ucts Gemstar® LC Helicoverpa zea NPV Com earworm larves Yes  Yes | Yes 4Hrs 0 7-14 days
Spod-X® Spodoplera exigua NPV Baet armyworm lanvas Yes Yes | Yes 4Hrs 0 7-14 days N e e
DES-X* Potassium saks of fatty adds | Aphids, whiteflies Yes  Yes  Yes 12 Hrs. |0 7-21 days .
. / Sedura® Spinasad Earwigs, cutwoms Yoz  Yes Mo 4 Hrs, | Varies |14-28 days d e rlved
Sp' nosad ESMQD’ 0.5, orly) | o0 Phosphte Slugs, snails Yes  Yes |Yes OHrs. 0 14-2Bdays prOd ucts
SolGard® Cliocladitum virens GL.21 | D57ping of and other ez Yes Yes OHm. 0 728 days
by- p ro d u Ct) Trilogy® mmﬂm:ﬁ Powdery mildew, rust, black spot Yoz Yes Yes 4Hrs |0 7-14 days
Cusva™ Capper octancate Sacterial diorders, downy MW, yor  ves Yes 4Hrs. 0 7-10days
SikMATRIX® Potassium silicate Powdery mikdew, Batrytis, mites, aphids Mo No  Yes 4Hrs. 0 7-10 days
Trilogy® mmﬂm:ﬁ Spider mites, broad mites, nust mites | Yes  Yes | Yes 4Hrs |0 7-21 days
SiMATRIN® Potassium silicate Mitas No Na fes 4Hrs. 0 7-10 days
Plant parasitic nematodes, induding
MakCon® WDG Pazcilonoyces lacoms root knot, burrowing, cyst, root lesion, | Yes Yes  'fes 4Hrs. 0 & wasks
false roat knat and sting nematodes
Basamid® G Dazomet :‘ﬂ;mxﬁ grasses, Mo [Ne Mo MHrs NA VA

*These intervls. are for genersl Information purposes. Actual use pattems
. may vary according to pest pressure, crop growth stage, and other dreum-
www.CertisUSA.com i starces, Al apphcations must be consistent with label e istructicns
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Types of Materials Used for
Organic Insect and Mite Control
Anorganic

MBotanicals

ABiopesticides



Inorganic Chemicals Used for

Organic Insect and Mite Control

(always check for organic approval)

Anineral oil
Asulfur

Aaolin clay (Surround)

Aiatomaceous earth



Botanically - derived Insecticides

(always check for organic approval)

Poyrethrum (e.g. Pyganic)

Aeem-based products (e.g. Aza -direct)
Aregetable oils

fessential oils

Pothers: rotenone, ryania, sabadilla,
nicotine



Biopesticides

(always check for organic approval)

Avirus (for CM and CEW)
Aacteria (e.g. B.t.)

Kungi (e.q. Beauvaria bassiana)
Aematodes (var. species)

Forganic by -product (e.g. spinosad)

Note : correct environmental conditions may
determine efficacy.



AWhats inANeem?2” A N

Neem

Neem \ _
Oil Azadirachtin

Other
Cru.d.e or limonoids?
Clarified?



Neem tree*
(India) |

B,

(Azadirachta indica)

Neem plantation (Australia)



Processing of Neem Seeds

Cooking oil, soaps, cosmetics,

Crude_neem oil lubricants, herbal remedies, etc.

Clarified neem oil
(Fungicide & acaricide)

Trilogy

BOTANICAL FUNGICIDE/MITICIDE

Neem seed

solids
Neem seed kernels

Azadirachtin
Solvent extraction (Insecticide & antifeedant)

Neemix

BOTANICAL AGRICULTURAL INSECTICIDE

Neem cake
(Nematicide & soil amendment)

CERTIS




AZADIRACHTIN:
Botanical Insect Growth Regulator

20-hydroxy-ecdysone
(Insect molting hormone)



AZADIRACHTIN:
Repellant/Feeding Deterrent

Deterrence of Japanese Beetle feeding on Roses

20 ppm  Control




AZADIRACHTIN:
Effects on Insect Reproduction

Exposure of leafminer (Lirlomyza sp.) larvae in chrysanthemums to azadirachtin
via soil drench resulted in lower fecundity of surviving adult females

(Parkman & Pienkowski, 1990. J. Econ. Entomol. 83: 1246-1249)
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Translaminar Translocation of Azadirachtin:
Greenhouse whitefly nymphs on cucumber seedlings

100 - I

:E L Leaf surface treated:

S ' Upper H

S 80 - Lower []

R

)

E Nymphs and pupal

S 60 7 exuviae counted on

2 lower leaf surface

3 10 days after

& 40 treatment.

=

+

(72}

g 20 -

o)

S

0 - - |

Alone + 1% oll Insecticidal Untreated

Azadirachtin 60 ppm soap 2% Control



Clarified Neem Oill
A Novel Pesticide

3 Little or no azadirachtin
Broad spectrum

Fungicide
Miticide
Insecticide

A}

United States Patent ;o
Locke et al.

00O O O
US005356628A

11} Patent Number: 5,356,628
[s) Date of Patent:  Oct. 18, 1994

[54)

753

[73)

[21]
22)

[63]

[51]
152

(58]

[56)

4,515,785 /1985 Shimim ct al
4537774 /1985 Shimizo ctal.
4,356,562 12/1985 Larson

HYDROPHOBIC EXTRACTED NEEM OIL-A
NOVEL FUNGICIDE

Inventors: James C. Locke, Silver Spring; James
F. Walter, Ashton; Hiram G. Larew,
I, Hyzttsville, all of Md.

Assignees: W, R. Grace & Co.-Conn., New York,
N.Y.; The United Suws of America
as npmenm the Secretary of
Agriculture, Washington, D.C.

Appl, No.: 161,524

Filed: Dec. 2, 1993

Related U.S. Application Data

Continuation of Ser. No. 959,835, Oct. 13, 1992, aben-
doned, which is a continuation of Ser. No. 947,867,
Sep. 21, 1992, which is a il
part of Ser. No. 456,762, Dec. 26, 1989, abandoned.

Int. CL* ..

5147453, 468; 5497456, 383
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Control of Spider Mites on Cotton in California (2000)

Investigator: L. Godfrey, Univ. California - Davis
Location: Fresno County, California

50
Single application to 18-node cotton on 6 July. W7 DAT

40 - Tractor-towed CO,sprayer at 20 GPA and 40 PSI with 5 nozzles per row B 14 DAT
Spider mite population had crashed by 28 DAT in Untreated Controls. 021 DAT
Only pre-crash counts are shown here.
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The Mode of Action of Bt (Bacillus thuringiensis)

Modified from de Maagd et al., Trends in Genetics (2001)

Bt crystals & Protoxin

spores .. . « PHI10
ingested bv sl ——

00 O°

.'. 5 -".‘ 2
larva og° s .° Crystal ~ e VLR N
’ dlsselves n by digestive ’

aII_<aI|ne enzymes Activated
midgut t-endotoxin
. (Cry toxin)
Toxin Inserts

into cell
membrane
opening a pore

I I ‘ membrane

Pore
Gut paralysis (stops feeding)

A blnds to

& infection by spores TR



Insects Controlled by Different Strains of Bt (Bacillus thuringiensis)

Btk: Kurstaki strain (Biobit, Deliver, Dipel, MVP, Steward, Thuricide, etc.)

Effects Lepidoptera (Moths and Butterfies) larvae (aka caterpillars)
Vegetable insects

Field and forage crop insects

Fruit crop insects

Tree and shrub insects

Bti: Israelensis strains (Vectobac, Mosquito Dunks, Gnatrol, Bactimos, etc.)

Effects Diptera (Fly) larvae
Mosquitos

Black flies

Fungus gnats

Btt: Tenebrionis/San diego strains (Trident, M-One, M-Trak, Foil, Novodor, etc.)

Effects Coleoptera (Beetle) larvae
Colorado potato beetle

Elm leaf beetle

Cottonwood leaf beetle



Insects Controlled by Btk

Btk: Kurstaki strain (Biobit, Deliver, Dipel, MVP, Steward, Thuricide, etc.)

Vegetable insects

Cabbage worms (cabbage looper, imported cabbageworm, diamondback moth)
Tomato and tobacco hornworms

Field and forage crop insects
European corn borer
Alfalfa caterpillar, alfalfa webworm

Fruit crop insects
Leafrollers

Tree and shrub insects
Gypsy moth
Tent caterpillar
Fall webworm
Leafrollers
Red-humped caterpillar
Western spruce budworm



Low-Rate
Frequent-
Application
Strategy
Helps Keep
Codling Moth
at Low and
Sustainable
Levels.

CYD-X

CYD-X® codling moth virus

Principles: Actions:
* effectively controls codling mothin ~ ® is best used in conjunction with
* applied at low rates in conjunction * should target first generation for
wmﬁd‘““}dm » should be applied four times at 1 oz.
codling moth populations. peracte during first generation
* applied at low rates can be used in hirval emergence.

orchards with low, moderate and o ¢4 be tank-mixed with fungicides
high populations of codling moth. and foliar nutrients, including calcium

* will not harm natural enemies, chlonide. Keep pH of the tank-mix
the environment, workers or the below 8.
food supply. * easily integrates with an insecticide
* hasa4-hour REl and no PHL Itis control program to enhance codling
exempt from residue tolerance. moth control and maintain effective
* is an important component in long-term control.
insecticide resistance management.  ® has delivered proven and reliable
codling moth control since 2003.

— g
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CYD-X Active ingredient:

Codling moth granulosis virus

Nucleocapsid

Glycoprotein
envelope

. Viral
DNA

Granulin
protein

ACydia pomonella granulovirus (CpGV)

_ Occlusi
ANatural pathogen of codling moth bocjy“(sc')"é‘)



CYD-X

BIOLOGICAL INSECTICIDE

AVirus is produced in mass-reared codling moth larvae
AFormulated as aqueous suspension concentrate
AHighly specific to codling moth

ANo effect on beneficials, wildlife, livestock, or users
AListed by OMRI and NOP for use in organic production

ARegistration in all major apple & pear producing states



Sl Biology & Mode of Action of CpGV
%

- ¥ Avirus must be ingested by larvae to cause
S ] infection

AOnce in gut, virus penetrates cells and begins
to replicate

ALD,, is 1 or 2 virus particles per larva
(Cyd-X contains about One Trillion per ounce!)

AModes of transmission:

- Horizontal: Infected larva dies, releasing new
virus that can infect other larvae
Vertical: Female that survives a sublethal

L R e B e G e infection as a larva can be pass virus on to her
Fat body infected with CpGV offspring

A

Latent infection: Vi rus | 1 es Adorr

CpGV until stress causes outbreak (e.g. overwintering)
infected

larva



Methods to improve CpGV

uPleusms

A Pear ester (larval kairomone)

A Feeding stimulants

Figure 1. Codling

A Solar protectants .
moth virus

I Lignin-WP formulation insecticides
i Adjuvants available in North
America

T Particle films

24



Improving the activity of the
granulovirus of the codling moth with
larval attractants and sunlight screens

Steven Arthurs?t, Lerry Lacey*

Collaborators
Alan Knight', Bob Behle?, Rick Hilton3

LUSDAARS, Wapato, WA
USDAARSNCAUR, Peoria, IL

SSOREC, OSU
25



CpGV and MD is effective

Table 1 . Fruit injury and codling moth populations in 3A organic

0Gol den Deliciousdo treated with
Year #Applications | % CM fruit Moths/pheromone
/season! injury/1000 fruit trap

1stgen. |2 gen. |1stflight | 2" flight
2003 |14 1.27 0.84 27.1 5.3
2004 |8 0.13 0.21 6.2 5
2005 |12 0.17 0.1 13.5 10
2006 |8 0.2 0.6 17 7.5

1Cyd-X applied at 2 or 3 fl. 0z. and 100 gal./ A

26




Pear ester: Spraying CpGV/PEMEC
formulation

A Orchard tests in apple and
pear in 2005 and 2006

A CpGV + PEMEC (applied
at1.571 4.7 g a.l./ha)
sprayed every 7-14 days

A Randomized blocks, 120
tree plots, 4-10 replicates




Pear ester: Results with CoGV/PEMEC
formulation

A Apple

I Moderate reduction I n frul
In second generation versus CpGV alone (2005)

I No effect 1 n first | ar v al
O0Del i ci ous©o6, 60Gal a6 and OF

I No consistent effect in greenhouse studies (2005)

A Bartlett pear
I Moderate reduction in fruit injury at harvest (2005)

I Moderate increase in larval mortality and shallow
en'[rieS in infeSted frUit (2006) J. Econ. Ent. submitted

28



Feeding stimulants to improve CpGV

A Leaf disc bioassay
I MSG, l-aspartic acid, Pheast and Bioenhancer

I Results. No significant benefits found; 2hr and
24 hr exposure tests; 5 reps of 20 larvae

AOrchard tests O60Gol den De

I Pheast and Bioenhancer

I Results. No significant benefits; 10 single tree
reps

29



Solar protectants for CpGV

A Spray-dried lignin-based
formulations

A Spray adjuvants
a Particle films

30



Solar protectants. Laboratory method for
evaluation

Solar simulator and half

apple system used to
bioassay CpGV formulations
e " St

Apples were sprayed
with CpGV
suspensions in a
DeVries spray cabinet

J. Invert. Pathol. 90 (2005),

85-90. 31



Solar protectants. Results (2005)

A

Lignin-encapsulated CpGV formulations worked
well in laboratory tests at high dosages but
not in initial orchard tests (rate dilution effect)

ONuFi Il m176, o6Biolink©q,
field rates not effective adjuvants for CpGV in
laboratory assays

J. Invertebr. Pathol. 93 (2006),
88-95

32



Solar protectants. Results (2006)

Table 3. Laboratory evaluation of a particle film adjuvant for UV
protection (Surround®WP).

% CMfruit % deep |%CM

penetration | CM entries | mortality
Control 92.3a 88.5a 14.4b
Surround (251b/A) 80.8b 82.9a 22.5b
Surround (50Ib/A) 55.8¢ 64.8b 49.2a
Cyd-X 85.8ab 68.1b 43.3a
Cyd-X + Surround (25lb/A) | 73.3bc 55.9b 50.8a
Cyd-X + Surround (50Ib/A) | 69.2bc 55.5b 59.2a

Data based on 30 irradiated fruit each infested with 4 neonate CM

(6 replicates of 5 fruit/treatment)

33




Gemstar for CEW Controld 2010 Results (SOREC)
Applications made with Stihl backpack mist blower calibrated @ 45 gpa

Material was applied at 4 oz per acre; initial application was made on 9/1
and the final application was made on 9/20; corn was harvested on 9/23.

Treatment = Gemstar Gemstar Untreated
every 3 days | every 6 days Control
% clean ears 28% 32% 12%
Number of live CEW per ear 0.76 1.08 1.36
Number of large (i.e. 4t or 5" instar)
0.2 0.2 0.4
CEW per ear
Number of dead or dying
0.36 0.04 0.08
CEW per ear
Mean depth {(mm) of CEW feeding
43.8 53.2 35.9

in damaged ears




Two Projects n
Related to controlling codling
moth in the small - scale or
backyard orchard
S.O.F.T.
And

U.A.P.T.O.P.



Growers are moving from toxic insecticides

to alternative control methods

Ac. equivalents
treated w/ OPs

Pheromone Mating Disruption
vs. Organophosphate Use

5000

4000
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2000 T
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—»— OPs —— CMMD
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- 2000
- 1500
- 1000
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Ac. treated

w/ CMMD




From the

large-scale
commercial orchard

to the

small-scale
home orchard



