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HONEY BEES AND
INSECTICIDES

All parties involved in almond pollination and/or applying pesticides
should follow the precaution of not applying insecticides during bloom.
Bee losses appear to have occurred in aimonds as a result of tank-mixing
insecticides with bloom-time fungicides. While the losses could have
other causes, there is a scientific basis for concern; this is based on field
experience that is being substantiated with controlled studies.®” Currently,
most bee label warnings are only based on adult acute toxicity studies;
however, recent information indicates some may be harmful to young
developing bees in the hive (bee brood). Until recently, the U.S. EPA has
not required data for possible effects on bee brood. Foragers bring back
polien to the hive, which is fed to the bee brood. Insecticide residues have
been detected in this pollen. The term ‘insecticide’ includes insect growth
regulators, also known as IGRs.



Complete metamorphosis

2 Fertilized
BN .' ‘T.:: egg

Winston Fig. 4.1

Honey bee Swallowtail butterfly



“Biology of
the Honey
Bee” Fig. 4.6

Three castes

Fertilized
Light Heavy
Feeding Feeding +

Royal Jelly

nfertilized







Grafting Worker Larvae into
Queen Cells

Photo: Zachary Huang



Almond Bloom

2 million honey bee colonies
1 million queens produced
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Bee problems reported (pesticide related?)

Queen breeders:

- Up to 80% of queens are dying during
development in weeks after almond bloom

Pollinators:

- Classic adult “bee kills” observed occasionally

- Brood failure in weeks following almond bloom



1. Which pesticides and combinations are
bees exposed to during almond bloom

2. Which pesticides and combinations could
cause adult bees to die?

3. Which pesticides and combinations can
cause developmental problems in workers
and queens?



“Bee Safe” pesticides applied to
almonds during bloom

e Fungicides, herbicides, a
few insecticides

aE

e Low acute toxicity to adult
bees in laboratory testing

e Carry no cautionary
language on label regarding
bee exposure
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California De.porEment of .
Pesticide Reqgulation

HOME PROGRAMS DATABASES NEWS/PUBLICATIONS QUICK LINKS

-» My Selections
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PUR v

Pesticide Use Report

SEARCH BY DATA
CATEGORY:

Datev/

Productv/

-» Name Search
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 AghonAgE i o

» Format Output
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“» Help

% Contact CalPIP

About DPR | Join E-Lists |

CALIFORNIA PESTICIDE INFORMATION PORTAL (CALPIP)

CalPIP Home

Note: CalPIP is not able to process a full year of data without the user choosing other criteria that would limit
their selections. Users who work with large PUR datasets (i.e. entire years or all products) should go to:

> Data Archives (FTP site) to download free copies (.zip files) of full years of Pesticide Use Data (1974 through
most recent available), or

» DPR’s Publications Order Form (PDF, 171 kb) to order the Annual Pesticide Use Report CD-ROM.

Not all CalPIP features work in all browsers. To take advantage of all features and to assure that you get the
information that you need, Internet Explorer 5.5 or above with cookies and JavaScript enabled is recommended. If
you receive an error like "retrieval of cached query failed" or if you experience any other problems with a page
displaying, hit your browser's "Reload" button.

Introduction and Overview

Welcome to the California Pesticide Information Portal project (CalPIP). CalPIP now allows you to query from more
than one data source to find information on pesticide related issues. This site delivers user-friendly Internet access to
the Department of Pesticide Regulation's (DPR) extensive pesticide use and label information (PUR Data Source),
Ground Water Protection Area information (GWPA Data Source, and the recently added Pesticide Regulation's
Endangered Species Custom Realtime Internet Bulletin Engine (PRESCRIBE Data Source). more...

Known Issues
2014 Pesticide Use Report data has been added to the database.

Notes on version updates, bug fixes and known issues. more...

First Time Users

If this is your first visit to our site, you may want additional information to make your visit more successful. more...

About the Data Sources
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acres treated February 15 to March 15 (1000's)
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acres treated February 15 to March 15 (1000's)
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Nearly all
Insecticides
applied
during
almond
bloom are
tank mixes
with
fungicides



Acute worker toxicity: Insecticides and combinations

DuPont™ Altacor®

INSECT CONTROL
WITH THE ACTIVE INGREDIENT RYNAXYPYR®

JROUP 28 INSECTICIDE

By Weight

ALTACOR® is a water dispersible granule.

nethyl-6-[(methylamino)carbonyl]phenyl]-1-(3-chloro-2-pyridinyl)-1H-pyrazole-

e i i DuPont™ ALTACOR®

o o Rate Per Acre
Crops Insects Lb Al Ounces Product
Tree Nuts, Hickory shuckworm 0.044 - 0.099 20-45
(EPA Crop Pecan nut casebearer
Group 14), Codling moth 0.066 — 0.099 30-45
Including: Navel orange worm
Almond; Light brown apple moth

Beech nut:
Brazil nut;
1 Rutternit:

Oblnque banded leafroller
Oriental fruit moth

1 Paarh twio bharar




Acute worker toxicity: Insecticides and combinations

Intrepid

DuPont™ Altacor®

INSECT CONTROL ®
WITH THE ACTIVE INGREDIENT RYNAXYPYR

;ROUP

ALTACOR® is a water dispersible granule.
Active Ingredient By Weight
Chlorantraniliprole

3-Bromo-N-[4-chloro-2-methyl-6-[(methylamino)carbonyl]phenyl]-1-(3-chloro-2-pyridinyl)- 1 H-pyrazole-

5-carboxamide 35.0%
Other Ingredients 65.0%
TOTAL 100.0%

oF

®Trademark of The Dow Chemical Company (“Dow”) or an affiliated
company of Dow

| Group | 18 | INSeEcTICIDE |

Active Ingredient:
methoxyfenozide: Benzoic acid, 3-methoxy-
2-methyl-,2-(3,5-dimethylbenzoyl)-2-
(1,1-dimethylethyl) hydrazide ..
Other Ingredients..
Total

Contains 2 Ib active ingredient per gallon




Acute worker toxicity: Insecticides and combinations

Intrepid

DuPont™ Altacor®

INSECT CONTROL
WITH THE ACTIVE INGREDIENT RYNAXYPYR®

iROUP

ALTACOR® is a water dispersible granule.

Active Ingredient

By Weight

Chlorantraniliprole
3-Bromo-N-[4-chloro-2-methyl-6-[(methylamino)carbonyl]phenyl]-1-(3-chloro-2-pyridinyl)-1H-pyrazole-
5-carboxamide 35.0%

Other Ingredients 65.0%

TOTAL 100.0%

GROUP | 15

INSECTICIDE

Dimilin°® 2L
Wi

Insect Growth Regulator
Aqueous Flowable

For use on barley, oats, triticale, wheat, cotton, grassland and

nuts, and turfgrass
Not for Homeowner/Residential Use

non-crop areas, leafy brassica and turnip greens, livestock/poultry premises,
peanuts, pears, peppers, rice, soybeans, stonefruit (excluding cherries), tree

Net
Contents:
1
gallon

oF

®Trademark of The Dow Chemical Company (“Dow”) or an affiliated
company of Dow

l Group [ 18 ]

INSECTICIDE |

Active Ingredient:
methoxyfenozide: Benzoic acid, 3-methoxy-
2-methyl-,2-(3,5-dimethylbenzoyl)-2-
(1,1-dimethylethyl) hydrazide ..
Other Ingredients....

Contains 2 Ib active ingredient per gallon



Acute worker toxicity: Insecticides and combinations

Intrepid

DuPont™ Altacor®

INSECT CONTROL
WITH THE ACTIVE INGREDIENT RYNAXYPYR®

iROUP 28

ALTACOR® is a water dispersible granule.

Active Ingredient By Weight
Chlorantraniliprole
3-Bromo-N-[4-chloro-2-methyl-6-[(methylamino)carbonyl]phenyl]-1-(3-chloro-2-pyridinyl)-1H-pyrazole-
5-carboxamide 35.0%
Other Ingredients 65.0%
TOTAL 100.0%

GROUP | 15 | INSECTICIDE

Dimilin® 2L

Insect Growth Regulator
Aqueous Flowable
For use on barley, oats, triticale, wheat, cotton, grassland and
non-crop areas, leafy brassica and turnip greens, livestock/poultry premises,
peanuts, pears, peppers, rice, soybeans, stonefruit (excluding cherries), tree
nuts, and turfgrass

\ ‘ Not for Homeowner/Residential Use

Net
Contents:
1
gallon

oF

®Trademark of The Dow Chemical Company (“Dow”) or an affiliated
company of Dow

| Group | 18 | INsecTiCiDE |

Active Ingredient:
methoxyfenozide: Benzoic acid, 3-methoxy-
2-methyl-,2-(3,5-dimethylbenzoyl)-2-
(1,1-dimethylethyl) hydrazide
Other Ingredients
TTORAL: .5 cisnsnsnnssnensnsnssnibnsinsonsonssssssassssnssnsibosnassosasonssasisssnsnssntssonhsssosass

Contains 2 Ib active ingredient per gallon

Thiamethoxam
(positive control)




max Ib. a.l.

Insecticide
per acre
chlorantraniliprole 0.099
(Altacor)
methoxyfepomde 0.95
(Intrepid)
diflubenzuron 0.95

(Dimilin)




[GRoUP JEY FUNGICIDE |  PULL HERE TO OPEN =

] ® . .
/’ Tilt Fungicides
[
syngenta.

Fungicide |

| - Use Rate

Cro Target Diseases fl oz product/A Remarks
Almonds Brown Rot Blossom Blight 4-8 Apply Tilt at 5-10% bloom and 50-100%

(Monilinia laxa,
M. fructicola)

bloom. Under severe disease conditions,
use the highest rate. Minimum retreat-
ment interval is 7 days.

Anthracnose
(Collectotrichum
acutatum)

Apply Tilt beginning at bud break on a
7-14 day interval.
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/ Tilt Fungicides

g
syngenta.

Fungicide

Broad spectrum fungicide for control of plant diseases

Active Ingredient:
Propiconazole*: . . ... ..ot e 41.8%
Other Ingredients**: 58.2%

Total: 100.0%



I GROUP FUNGICIDE | PULL HERE TO OPEN e

ATt Fungicides
r

g
syngenta.

Fungicide

Broad spectrum fungicide for control of plant diseases

brand

oVr

Active Ingredient:

Propiconazole*: . . ... ..ot e 41.8%

Other Ingredients**: 58.2% = =
T000% 4 Flowable Fungicide

EPA Reg. No. 279-9564 EPA Est. No.: 279-NY-1 FIRST AID
ACT'YE |NGRED|ENT: IIFON SKINOR | - Take off contaminated clothing.
Iprodione: 3-(3,5-dichlorophenyl)-N- CLOTHING « Rinse skin immediately with plenty of water for 15-

(1-methylethyl)-2,4-dioxo- 20 minutes.
1-imidazolidinecarboxamide* ...
OTHER INGREDIENTS:

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

TOTAL 100.0% IF SWALLOWED | - Calla Poison Contrl Center or doctorimmediate-

s . ly for treatment advice.

Fquivalant fo.£1be. iprodions, per gafln. . lHave person sip a glass of water if able to swal-
low

« Do not induce vomiting unless told by a Poison
Control Cenrer or doctor.




I GROUP FUNGICIDE | PULL HERE TO OPEN e

ATt

g
syngenta.

Fungicide

Broad spectrum fungicide for control of plant diseases

Active Ingredient:

Propiconazole*: . . ... ..ot e 41.8%
Other Ingredients**: 58.2%
Total: 100.0%

Pristine

Fungicide

For use in disease control and plant health in the following crops: alfalfa;
Belgium endive; berries; bulb vegetables; carrot; celery; citrus fruit; cucurbit

getables; globe artichoke; grape; hops; pome fruit; radicchio; stone fruit;
strawberry; and tree nut

Active Ingredients:
pyraclostrobin®: (carbamic acid, [2-[[[1-(4-chlorophenyl)-

1H-pyrazol-3-ylJoxylmethyllphenyljmethoxy-, methyl ester) . . ............... 12.8%
boscalid™: 3-pyridinecarboxamide,2-chloro-N-(4'-chloro(1,1'-biphenyl)-2-yl)-. . . 25.2%
Other Ingredients: ... ...... ...ttt 62.0%
1 550065000800 06 36600000 050500 6060 080006090005600:000860600 100.0%

*0.128 oz (0.008 Ib) of pyraclostrobin in 1 oz of product
** 0.252 oz (0.0158 Ib) of boscalid in 1 oz of product

EPA Reg No. 7969-199 EPA Est. No. I

Fungicides

r

aVe

4 Flowable Fungicide

EPA Reg. No. 279-9564 EPA Est. No.: 279-NY-1
ACTIVE INGREDIENT:
Iprodione: 3-(3,5-dichlorophenyl)-N-
(1-methylethyl)-2,4-dioxo-
1-imidazolidinecarboxamide* ..
OTHER INGREDIENTS:

wVFr

brand

TOTAL 7100.0%
*Equivalent to 4 Lbs. Iprodione per gallon.

FIRST AID
IIFON SKINOR | - Take off contaminated clothing.
CLOTHING « Rinse skin immediately with plenty of water for 15-
20 minutes.
« Call a poison control center or doctor for treatment
advice.
IF SWALLOWED | - Call a Poison Control Center or doctor immediate-

ly for treatment advice.

« Have person sip a glass of water if able to swal-

low

« Do not induce vomiting unless told by a Poison

Control Cenfer or doctor.




boscalid +

. : iprodi [ I
Fungicide | pyraclostrobin IF()I;(:)vlr(;rll)e proplg_ci)lrtl)azoe
(Pristine)
Ib. a.i.
Insecticide max |b. a. 0.344 0.5 0.225
per acre
chlorantraniliprole
0.099
(Altacor)
methoxyfer]02|de 0.25
(Intrepid)
ifl
diflubenzuron 0.25

(Dimilin)




boscalid +

Fungicide | pyraclostrobin I?;(gvlr(;?)e IC)ropl(?'(i)lrt])aZo ’
(Pristine)
Ib. a.i.
Insecticide max |b. a. 0.344 0.5 0.225
per acre
chlorantraniliprole 0.099 1:3.47 1:5.05 1:2.27
(Altacor)
methoxyfer]02|de 0.95 1-1.38 1:2 1: 0.90
(Intrepid)
ifl
di ut.)er_12.uron 0.95 1-1.38 1:2 1:0.90
(Dimilin)

ratio of insecticide : fungicide




Collect frame of brood

Oral application —_—
¢ from colony

e SRy
Vs g

Uniformly aged cohort
of young bees

Treat groups with
varying doses of
pesticides in pollen

Count living and dead
bees dalily for 10 days
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boscalid +

Insecticide : iprodione propiconazole
alone | Pyraclostrobini = o o (Tilt)
(Pristine)
chlorantraniliprole
(Altacor)
methoxyfenozide
(Intrepid)

diflubenzuron
(Dimilin)

thiamethoxam
(positive control)




survival

0.6 0.8 1.0

0.4

0.2

0.0

chlorantraniliprole
(PpPmM)

control
0.04
0.4

4

40
400
4000

0 50 100 150

hours




survival

0.4 0.6 0.8 1.0

0.2

0.0

methoxyfenozide
(ppm)
—_—
— 0.4
4
— 40
400
4000

50

100

hours

150




survival

1.0

0.8

0.6

0.4

0.2

0.0

diflubenzuron

(ppm)
— control
— 0.4
4
— 40
400
4000

50
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hours



. boscalid + : . :
Insecticide : iprodione propiconazole
alone | Pyraclostrobini = o o (Tilt)
(Pristine)
chlorantraniliprole
>
(Altacor) 4000 ppm
methoxyfenozide
(Intrepid) > 4000 ppm
diflubenzuron
(Dimilin) > 4000 ppm

thiamethoxam
(positive control)




survival

0.4 0.6 0.8 1.0

0.2

0.0

Pristine +
methoxyfenozide

(Pppm)

control
— 0.4
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50
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hours
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. boscalid + : . :
Insecticide : iprodione propiconazole
alone | Pyraclostrobini = o o (Tilt)
(Pristine)
chlorantraniliprole
> >
(Altacor) 4000 ppm 4000 ppm
methoxyfenozide
(Intrepid) > 4000 ppm 40 ppm
diflubenzuron
(Dimilin) > 4000 ppm > 4000 ppm

thiamethoxam
(positive control)




. boscalid + : . :
Insecticide : iprodione propiconazole
alone | Pyraclostrobini = o o (Tilt)
(Pristine)
chlorantraniliprole
> >
(Altacor) 4000 ppm 4000 ppm 4000 ppm
methoxyfenozide
(Intrepid) > 4000 ppm 40 ppm > 4000 ppm
diflubenzuron
(Dimilin) > 4000 ppm > 4000 ppm 4000 ppm

thiamethoxam
(positive control)




survival

0.6 0.8 1.0

0.4

0.2

0.0

propiconazole +
chlorantraniliprole
(ppm)
= control
-~ 0.04
0.4
— 4
40
400
- 4000

50 100 150

hours




- boscalid + : . :
Insecticide . iprodione propiconazole
alone pyraclostrobin (Rovral) (Tilt)
(Pristine)
chlorxi;iry:;prole > 4000 ppm | > 4000 ppm 4000 ppm
methoxyfenozide > 4000 ppm 40 ppm > 4000 ppm 400 ppm
(Intrepid)
diflubenzuron > 4000 ppm > 4000 ppm 4000 ppm 40 ppm
(Dimilin)

thiamethoxam
(positive control)




acres treated February 15 to March 15 (1000's)
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Chlorantraniliprole / Flubendiamide +

sterol biosynthesis inhibitor
other
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chlorothalonil
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A bee kill may
have occurred
on these
20,000 acres



Developmental effects: Queen development

Winston, “Biology of the Honey Bee”

royal jelly
secretions

hypopharangeal
glands : s
mandibular i i} w “v. .
4 nurse worker bee :
glands ¥

consumes pollen +
pesticides
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Grafting queen cells

Young larvae (24 - 48 hrs), ! -

produced by the same

queen, are grafted into JZ-
BZ queen cell cups

30-60 cups per treatment

Image source:agriculture.vic.gov.au/



5-frame swarm box as gueen cell starter




Swarm box setup (5 frames)




Boxes are closed then moved
to a dark, temperature
controlled (70 - 76 F) room for
4 days




Day 8: place capped queen
cells in cages, then back to
the incubating colony for
emergence

Day 10: remove 5 queen cells
per treatment for establishing
mating nucs. Leave the
remaining cells to emerge in
the incubating colony

Day 11 - 17: record emerged
gueens and mortality every 2 -
3 days.

Collect queens on day 17.




1.0 —

0.8

fate of grafted larvae

300 120 120 120 120 300

neg. pos. 0.4 4 40 400
control Pristine

pollen treatment {ppm)

O emerged
M dead

Pristine

FUNGICIDE



fate of grafted larvae

1.0 —

0.8 -

neg. poS. 0.4
control

4 40 400

O emerged
W dead

120

200 400:200

anoﬂ-mw

Technology for Agriculture

anoﬂ-mw

Technology for Agriculiure

~3)Pristine

Pristine BT Pristine:BT

pollen treatment (ppm)



percent of grafted larvae
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20

Dimilin® 2L

Insect Growth Regulator Net
: Aqueous Flowable ConIan
* For use on barley, oats, triticale, wheat, cotton, grassland and

non-crop areas, leafy brassica and turnip greens, Ilvestocklpoultry premlses gallon

pears, peppers, rice, soyb stonefruit ), tree
nuts, and turfgrass
\ ‘ Not for Homeowner/Residential Use

I I = I ®

2F

diflubenzuron DU POntm AltaC0r®

(DFB) INSECT CONTROL
WITH THE ACTIVE INGREDIENT RYNAXYPYR®



percent of grafted larvae

1C

80

60

40

20

240 g 120

QQQ@ QQQ(O
SRR

diflubenzuron
(DFB)

120

iprodione
20 ppm

and
- DFB
10 ppm

crovral

4 Flowable Fungicide

®
rovra
brand

4 Flowable Fungicide
Dimilin® 2L

Insect Growth Regulator Net
Aqueous Flowable c°"“°""=
For use on barley, oats, triticale, \vhn!,l(onon , grassland and Noh
p«vs. peppersricm soybeans, stondmn (excluding cherries), tree 9
nuu. and tu ng
\ Not for H /Residential Use




percent of grafted larvae

1C

80

60

40

20

[GRouP JB FUNGICIDE | PULL HERETO OPEN B

A Tilt

[GRouP JE FUNGICIDE | PULLHERETO OPEN =

ATt
Dimilin® 2L

Insect Growth Regulator Net
Aqueous Flowable DS i comancomediaciiai CDM:M::

120 § 240 120 120 g 120 \‘“””ll B e e ypremises,  gallon
Not for Homeowner/Residential Use

g g g iprodione propiconazole
N ,\QQ QQQ 20 ppm 10 ppm
N
: and and
diflubenzuron ) DFB ) DFB

(DFB) 10 ppm 10 ppm



acres treated February 15 to March 15 (1000's)
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Diflubenzuron or Buprofezin +

other

sterol biosynthesis inhibitor
iprodione

Pristine

chlorothalonil

EOOOO
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Conclusions

1. Insecticides are applied in tank-mixes
during bloom (rarely alone)

2. Some tank-mixes of insecticides and
fungicides can kill adult bees directly

3. Others tank-mixes kill developing bees



r r
r

r
¢

U/ california
almonds

AGYI G

st

-
o

AINVION D'

HONEY BEES AND
INSECTICIDES

All parties involved in almond pollination and/or applying pesticides
should follow the precaution of not applying insecticides during bloom.
Bee losses appear to have occurred in aimonds as a result of tank-mixing
insecticides with bloom-time fungicides. While the losses could have
other causes, there is a scientific basis for concern; this is based on field
experience that is being substantiated with controlled studies.®” Currently,
most bee label warnings are only based on adult acute toxicity studies;
however, recent information indicates some may be harmful to young
developing bees in the hive (bee brood). Until recently, the U.S. EPA has
not required data for possible effects on bee brood. Foragers bring back
polien to the hive, which is fed to the bee brood. Insecticide residues have
been detected in this pollen. The term ‘insecticide’ includes insect growth
regulators, also known as IGRs.
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Can Application Time Limit
Fungicide Exposure to Honey

Bees in Almonds?

J Johnson, Cullaborate, LLC, Baltimore MD, J.Pettis, Honey Bee Inst.’
Univ. of Bern, Switzerland, G. Wardell, Wonderful Orchards, Lost Hill ’

D. Lopez USDA Bee Res. Lab, Beltsville MD
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Why do we worry about fungicides around bees >x

I when honey bees (HB) are animals and not the "' \
targeted fungi? —
We worry because : PN
: |
1) There are reported effects in HBs (Johnson et L\’L
al.2013, Pettis et al 2013, Brattsten et al.1994)

Iprodione(Rovral)?
2) The fungicide’s mode of action may share Propiconazole (Tilt) |
common biochemistry with the animal kingdom.
(Radice et al.1998) |

3) The fungicide may interfere in an unanticipated
way with the animal’s biochemistry (lwasa et
al.2004 , Brattsten et al.1994)

4) Beneficial fungi utilized by HB to make bee bread
may be negatively impacted (Yoder et al. 2013)

— almonds




Puccinia graminis (stem
rust) haustorium penetrating
wheat cell

Propiconazole demethylation
|nh|b|t0r JE— Plant .

Fungal hypha - P ,/Zcell

Plant cell

Plant cell
plasma
Haustorium membrane
Alpha-helix protein Oligosaccharide

side chain
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I Propiconazole

Cholesterol

HO

During the biosynthesis of cholesterol, three demethylations occur, one on the
C14 named 14a-demethylation and two on the C4 named 4a-demethylations
(Cabrera-Vivas et al 2003)

P450’s

Propiconazole inhibits microsomal cytochrome P450s from midguts
of Spodoptera eridania sixth-instar caterpillars. (Brattsen et al. 1994).
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A Phospholipid

Iprodione affects lipid metabolism in grey mold
(Griffiths et al. 1998)

Iprodione affected lipid metabolism of B.cinerea by
decreasing phospholipids and increasing concentrations
of diacylglycerols (precursors of phospholipids).

Concentrations inhibitory to growth. Hydrophilic head Hydrophobic tails
Most effective concentrations were 1-10pM (10 -12 M) o OH
Results suggests that iprodione is inhibiting reactions WY WL W oJ:.
utilizing diacylglycerols o
Diacylglycerol (DAG) o



I Iprodione blocks cytochrome c reductase and might be endocrine active

Iprodione induces lipid peroxidation by means of oxygen activation in
fungi. The oxidative damage through production of free oxygen radicals
(ROS) is due to interaction with the flavin enzyme NADPH
cytochrome c reductase. Normal electron flow from NADPH to
cytochrome c is blocked (Radice et al 1998, 2001). Because lipid (and
membrane) synthesis is prevented, mycelium growth is arrested.

Galli et al 2014 observed that iprodione and its metabolites bound to
androgen receptor-> endocrine active. Iprodione bound similar to
endogenous hormones in humans and zebrafish but less so in rat.

de Loof 2006 Ecdysteroids- vertebrate vs invertebrate sex hormones
almonds



To capture potential HB exposure to fungicide,

we measured 4 metrics before and after AM and PM fungicide application:

Forager counts of: (a) bees visiting flowers within a given area and
(b) pollen-bearing bees returning to the hive. "ﬁ

Fungicide levels in:  (a) pollen sampled directly from anthers and

(b) pollen collected in traps at the hive.

california
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I 2015 study with iprodione

* [prodione (Rovral 4F) was sprayed according to label at a
uniform rate using an air blast ground rig either at 6pm on
Day 1 in Zone 1, orat 11lam on Day 3 in Zone 2. Day 1
yielded pre treatment data, Day 2 post-PM treatment, and
Day 3, post-AM treatment. Pollen was trapped from 5pm to
5pm of the following day. Foragers were counted for 3 min
in flowers (1m? area) and at hive entrances. Bloom density
was measured by bloom count within the meter?.



I Orchard maps for 2015 and 2017
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Figure 1: Iprodione Loads in Pollen
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Figure 1: Iprodione loads (ppb) detected in (A) Forager-collected pollen and (B) Anther pollen from Site 1
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I Results from 2015 study

Anther pollen after AM spray had highest concentrations of iprodione despite detectable spray drift.

Anther pollen collected immediately after AM spray had contaminant levels significantly higher than
anther pollen collected the morning after PM spray, (no detectable spray drift)- expected result

Contaminant concentration in forager-collected pollen was significantly higher following PM spray than
following AM spray.-unexpected result

The simultaneously high loads of iprodione in anther pollen and the low loads in bee-collected pollen
following AM spray may reflect declining forager activity within contaminated sites rather than a

difference in iprodione in available forage.

Foraging activity decreased from Day 1 to Day 3-- expected result because almond bloom period was
waning.

In 2017, a period of more consistent bloom will be targeted because we suspect that diminishing bloom
affected our results.

almonds



B intent of 2017 study

Investigate two fungicides — iprodione (Rovral) and propiconazole (Tilt)
—Repeat AM and PM sprays
—Repeat pollen collection at anthers and hive
—Repeat counting of bee presence among almond blooms.
—Repeat counts of foragers returning to hive
—Note prevailing wind directions each day
—Target the study to take place at peak bloom.



I Special Thanks to the California
Almond Board of California,
Wonderful Orchards, USDA —
BRL, and Dr. Jeff Pettis

Y californi
almonds

Almond Board of California




I References 1

Brattsten, L.B., Berger, D.A., Dungan, L.B. (1994) In vitro inhibition of midgut microsomal P450s from Spodoptera
eridania caterpillars by demethylation inhibitor fungicides and plant growth regulators. Pestic. Biochem. Physiol. 49,
234-243

B.M. Cabrera-Vivas , C.M. Gonzalez, R.M. Meléndez, L.M.R. Martinez-Aquilera, Juan Carlos Ramirez. (2003)
Theorretical study of the 4a—demethylation mechanism involved in the biosynthesis of cholesterol . J. of Molecular
Structure. THEOCHEM Volume 625, Issues 1-3, 5 May 2003 Pages 149-159

R.G. Griffiths, J. Dancer, J.L. Harwood The effects of Iprodione on the lipid metabolism of Botrytis cinerea . Biochemical
Society Transactions May 01, 1998, 26 (2) S155; DOI: 10.1042/bst026s155

T. lwasa, N. Motoyama, J.T. Ambrose, R. M. Roe. Mechanism for the differential toxicity of neonicotinoid insecticides in
the honey bee, Apis mellifera Crop Protection 23 (2004) 371-378

Johnson RM, Dahlgren L, Siegfried BD, Ellis MD (2013) Acaricide, Fungicide and Drug Interactions in Honey Bees (Apis
mellifera). PLoS ONE 8(1): €54092. doi:10.1371/journal.pone.0054092

Pettis, Jeffery S., et al. Crop pollination exposes honey bees to pesticides which alters their susceptibility to the gut
pathogen Nosema ceranae. PLoS One 8.7 (2013): e70182. Pettis, Jeffery S., et al. Crop pollination exposes honey
bees to pesticides which alters their susceptibility to the gut pathogen Nosema ceranae. PLoS One 8.7 (2013):
e70182.

almonds


http://www.sciencedirect.com/science/journal/01661280

I References-2

S. Radice, L. Marabini, M. Gervasoni, M. Ferraris, E .Chiesara Adaptation to oxidative stress: effects of
vinclozolin and iprodione on the HepG2 cell line.Toxicology Vol 129,Issues 2-3, 21 August 1998,
Pages 183-191

S.Radice, M. Ferraris, L. Marabini, S. Grande, E .Chiesara. Effect of iprodione, a dicarboximide
fungicide, on primary cultured rainbow trout (Oncorhynchus mykiss) hepatocytes, Aquatic Toxicology
Vol 54, Issues 1-2, 2001, 51-58

H. Thompson, S. Fryday, S. Harkin, S. Milner. Potential impacts of synergism in honeybees (Apis
mellifera) of exposure to neonicotinoids and sprayed fungicides in crops. Apidologie, Springer Verlag,
2014, 45 (5), pp.545-553.

J. A. Yoder , A.J. Jajack , A.E. Rosselot , T.J. Smith , MC Yerke, D.Sammataro (2013) Fungicide
Contamination Reduces Beneficial Fungi in Bee Bread Based on an Area-Wide Field Study in Honey
Bee, Apis mellifera, Colonies, Journal of Toxicology and Environmental Health, Part A, 76:10, 587-
600, DOI: 10.1080/15287394.2013.798846

almonds



Jark

A fé X '.. S AR ; S sy o "-A,"".., W
y : A LR ’; ad e e g

P e

E IPMAdvisor-— i o

AT

)
b ol % -t
Ry

Rty SN g
ne

Cr california
almonds

Almond Board of California




I Honey Bee BMPs
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University of California Area IPM Advisor,
Sacramento Valley
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I Communication is the key

« Communication
Chain

Beekeeper

m y Owner-

Lessee

Farm
Manager
Pest
Control
Adviser =
(pCA) &
: County
Applicator Agricultural

Commissioner
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Communication is the key

Communication should occur between all pollination stakeholders along the communication
chain about pest control decisions during bloom

Agreements/contracts should include a pesticide plan that outlines which pest control materials
may be used

If treatment is deemed necessary, growers/PCAs/applicators should contact County Ag
Commissioners so that beekeepers with nearby managed hives are notified 48 hours in advance

Beekeepers should register hives and request optional notification from Ag Commissioners

Report suspected pesticide related incidences to County Ag Commissioners. Bee health
concerns cannot be addressed without data from potential incidents

Maintain communication with neighbors after hive removal

(¢ california
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General Guidelines

* Provide adequate clean water for bees

* Never spray hives directly

* Turn off spray rig nozzles near hives

« Avoid hitting flying bees with any application

» Avoid application or drift onto blooming
weeds in or adjacent to orchard

« Avoid applying systemic pesticides or those
with residual toxicities prior to bloom

%jlfﬁfgﬁﬁs

mond Board of Califarnia



I General Guidelines

* Provide adequate clean water for bees

* Never spray hives directly

* Turn off spray rig nozzles near hives

« Avoid hitting flying bees with any application

» Avoid application or drift onto blooming
weeds in or adjacent to orchard

« Avoid applying systemic pesticides or those
with residual toxicities prior to bloom

« Agree on proper hive removal timing

« Continue communicating with neighbors that
may still have bees foraging nearby

california
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3

If treatments are necessary during bloom

« Explore alternate timing options
— Dormant
— Delayed-dormant
— Post-bloom

 Be aware of presence of bees in the areas
outside of your orchard

LC Statewide TPM Project
@ 2800 Regents, University of Califofias

« Use IPM - only apply as needed based on
sound monitoring, thresholds, decision
support guidelines

& california
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I Insecticide Guidelines

« Do not spray insecticides at bloom

* One exception — Bacillus thuringiensis (Bt)

« Remember that most labels only note honey bee cautionary statements
based on acute toxicity to adult bees, not impacts on developing brood

Empty cells of brood that
failed in their attempts to
emerge as adults

Newly emerged,
wingless bees pulled
from the combs by
other bees

& california
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l Fungicide Guidelines

» Disease protection during bloom is critical

* Fungicide applications need to be made at
certain times
— Late afternoon, evening
— Bees & pollen not present

— Ensure adequate drying time before bees begin
foraging the following day




l Fungicide Guidelines

« Addition of adjuvants may be detrimental — proceed with caution until
more is known

« Avoid tank mixes — synergistic impacts not well understood

Bee kill resulting from spraying a
tank mix of an herbicide, spray oil,
and foliar nutrient

Ambnds
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I Signs of Bee Injury

» Excessive numbers of dead or dying adult honey bees in front of hives
» Dead newly-emerged workers or brood at the hive entrance
» Lack of foraging bees on a normally attractive blooming crop

» Adult bees exhibiting stupefaction; paralysis; jerky, wobbly, or rapid movements;
spinning on the back

» Disorientation and reduced efficiency of foraging bees
* Immobile or lethargic bees unable to leave flowers

* Bees unable to fly and crawling slowly as if chilled

Queenless hives

(¢ california
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I More Information & Additional Resources

« Honey Bee Best Management Practices for Aimonds
(Almond Board of California)

—Almonds.com/BeeBMPs
— Supplemental quick guide — general

— Supplemental quick guide — applicator/driver
* English and Spanish

« almonds.com/growers/pollination#honey-bee-protection

» catalog.extension.oregonstate.edu/pnw591

gﬁ%ﬁ‘as
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http://www.almonds.com/BeeBMPs
http://www.almonds.com/growers/pollination
https://catalog.extension.oregonstate.edu/pnw591

uc“IPMm

UCIPM / Bee precaution pesticide ratings

Bee precaution pesticide ratings

Guidance on how to reduce bee poisoning, based on reported pesticide effects on adults and brood of honey bees and other bee species. Ratings are for the pesticide
active ingredient, the commaon name.*

— Do not apply or allow to drift to plants that are flowering.

Do not apply or allow to drift to plants that are flowering, except when the application is made between sunset and midnight if allowed by the pesticide
label and regulations.

“ No bee precaution, except when required by the pesticide label or regulations.

Note: These are not the pollinator protection statements on the pesticide labels. Some of the listed pesticides are not registered, or approved, for use. Make sure the
pesticide use is legal and appropriate before making any application. Always read the label before making any pesticide application.

© Common name . ) n .
JTradename T | AloPes J = 4D J Add to list
1% Common name
® | (Example trade name) Type Mode of action % Rating  Other effects on bees Toxic to honey bee brood Toxic to other bee species

Please select a common name or trade name from the list above.

ipm.ucanr.edu/beeprecaution

& -alifornia
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http://www2.ipm.ucanr.edu/beeprecaution/

] Questions?




