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Chemical structures of fungicides used in this study
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Propiconazole effect:

cholesterol

,,,,,,

ergosterol

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).



Cyprodinil

Interrupts methionine (amino acid) synthesis

may activate aryl hydrocarbon receptors (possible endocrine
disruptor) and may induce nuclear translocation of AHR

may act as an endocrine disruptor

may disrupt the ERK pathway

source: Fang et al. 2013 Toxicology 304, 32-40



Concerns:

1) There are reported effects in HBs (Johnson et al.2013, Pettis et al 2013,
Brattsten et al.1994)

2) The fungicide’s mode of action may share 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)
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Five metrics before and after AM and PM applications

Forager counts: flower foragers within specific areas

diir recurnin OI'adfC O T1IVE

pollen-bearing bees returning to hive g%
Fungicide conc.: pollen sampled from anthers .

pollen collected at hive (traps)

Bloom progress and
weather monitored
throughout study.



Bloom density increased |
during study |
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Weather (time designated in military time)

Lowest : Highest Atm Press
Temp wind High/low
°C/time speed in Hg

mph

1 23.9/13:54 10/23:54 69/32 6 14 100 29.43/29.30
2 22.2/14:54 5.6/6:54 64/17 4.9 16 100 29.49/29.21

3 15.6/14:54 5.6/3:54 73/33 5.3 11 54 29.44/29.29




Alr
blast rig

R-11°® Spreader-
Activator (2935-
50142) spreader with

an 8000 Ga tank and
a nozzle size 16. The
spray rate of the
spreader was 2.5
mph. Fungicides
were sprayed at
maximum allowable
rates.
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Post PM
spray, Day 2

Bloom anther
assay Cyp=248ppb
Prop=17300ppb

Tilt (propiconazole) PM

anther
Cyp=46400ppb
B-hive pollen Prop=43ppb
Cyp=3950ppb

Prop=130ppb

The PM spray had
taken place 6pm on
Day 1 (the previous
evening)

control-anther control hive

Cyp=9ppb Cyp=N.D. = North
Prop=10ppb Prop=3ppb
ontfol ives \
c [hivek road \ A )
C-hive pollen A-hive pollen
Cyp=121ppb Cyp=N.D.
Prop=trace Prop=trace
g

D-hive pollen _
Vanguard (cyprodinil)AM Cyp=N.D. Tilt (propiconazole) AM

Bloom anther Pro p=1:f'ace i Bloo
assay Cyp=|6ppb Ve Cyp=I8ppb assay
Prop=12ppb Prop=15ppb




anther
Cyp=18200ppb
Prop=216ppb

B-hive pollen

BI anther
a;‘:m Cyp=112ppb
"/ Prop=9330ppb
Cyp=635ppb

Tilt (propiconazole) PM - 27ppb

Post AM
spray, Day 3

Control anther  Control hive

Cyp=3lppb  Cyp=23ppb = North
Prop=3lppb " Prop=IIppb
_ e | (ives ™\
| Ir - ‘| ive road (s. A )
C-hive pollen A-hive pollen
Cyp=10lppb Cyp=36ppb
Prop=190ppb Prop=17ppb

peod [

D-hive pollen

Vanguard (cyprodinil) AM Cyp=1140ppb Tilt (propiconazole) AM

anther Prop=1510ppb anther
Bloom'\ . 45500ppb i Cyp-1 Ippb
553y /' Prop-40ppb Prop-20700ppb

The AM spray took
place at 7 am on
this day, Day 3




' Oneway Analysis of returning foragers By Day
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Oneway Analysis of # of foragers (per m3) By Day
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Foragers are not visiting trees- why?

Are they sensing a physical change in the bloom? ex. the
fungicide formulations make the blooms sticky or slippery

Are they responding to the chemistry of the fungicides? ex.
the fungicides burn their feet, smell badly, or taste badly

Are they responding biologically? ex. the fungicides make
them dizzy or sick



Does application time make a difference on

exposure level to bees?
Prop

Cyp

Post PM Prop concentrations in blooms
were 16% lower than post AM Prop
concentrations.

Prop might be degrading/evaporating
overnight?

Over the next 24 hrs, the prop
concentrations in the PM spray area
dropped 46% within the PM spray area.

Post PM Cyp concentration levels in
blooms were only 2% different after PM
versus after AM spray.

Over the next 24 hrs, cyp
concentrations in the PM spray area
dropped 61% within the PM spray area.

Could the chemistries of the fungicides cause one to degrade faster in the presence of
nighttime dew and the other to degrade faster in sunlight?




Did the bees respond differently to application time?
Perhaps

Of the hives closest to the spray areas,

bees collected 0.75% of the post bees collected 8.5% of the post PM cyp
PM prop concentration on Day 2. concentration on Day 2

bees collected 7.3% of the post AM bees collected 2.5% of the post AM cyp
prop concentration on Day 3 concentration on Day 3

Hive pollen concentrations that were sampled closest to the PM spray areas decreased (84%
Cyp, and 79% Prop) from Day 2 to Day 3, a result that may reflect forager avoidance learning.

Several factors may be contributing: application time, degradation rates of the fungicides,
learning, changing bloom density



.

'?ggh« n, Phoebe, Humberto)

L g,g
1 "“. e f,‘




Thank you
especially to

lI\J/IOND BOARD OF CALIFORNIA FOR SUPPOR&THIS
RDON WARDELL FOR INVALUABLE HELP AND
RECTION
RIK WILKINS, MARK SZCZERBA, DOUG BLAIR, MIKEé
MENDES, WONDERFUL
L

ELIAS, URIEL, EMMANUEL SPRAY TEAM

WILL NESSON

STEVE , ) ENSKI USDA
DEBYE HUNTER, BOB CURTIS, GABRIELLE LUDWIG, ABC
APIMONDIA FOR INVITING ME TO SPEAK

g%%ﬁhs

Almond Board of California




References 1

Brattsten, L.B., Berger D A, Dungan L.B. (1994) In vitro |nh|b|t|on of mldgut microsomal P4505 from Spodoptera eridania caterpillars

B.M. Cabrera-Vivas , C.M. Gonzdlez, R.M. Meléndez, L.M.R. Martinez-Aquilera, Juan Carlos Ramirez. (2003) Theorretical study of the
4oa—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): e54092. 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.



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



References 3

1. B.M. Cabrera-Vivas , C.M. Gonzalez, R.M. Meléndez, L.M.R. Martinez-Aquilera, Juan Carlos Ramirez. (2003)
Theoretical 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

2. Forster B, Staub T. 1996. Basis for use strategies of anilinopyrimidine and phenylpyrrole fungicides against
Botrytis cinerea. Elsevier. 15:529-537

3.Von Frisch K, Lindauer M (1956) The “Language” and orientation of the honey bee. Ann. Rev. Entomol. 1:45-58

4.Seeley TD, Mikheyev AS, Pagano, GJ (2000) Dancing bees tune both duration and rate of waggle-run production in
relation to nectar-source productivity. ] Comp Physiol. A 186: 813-819

5. Seeley TD (2003) Consensus building during nest-site selection in honey bee swarms: the expiration of dissent.
Behav Ecol Sociobiol 53:417-424

6. Brittain C, Kremen C, Klein A-M (2013) Biodiversity buffers pollination from changes in environmental conditions.
Global Change Biol. 19:540-547 doi: 10.1111/gcb.12043



