16:20, May 28th, Larissa, Greece.
Interactions between poor nutrition, pesticides, pests and
pathogens of honeybees in an intense agricultural landscape

WAGENINGEN Dr. Harmen P. Hendriksma

UNIVERSITY & RESEARCH

Biointeractions & Plant Health, Wageningen University & Research



of the United Nations

Q\v{ﬁ Food and Agriculture Organization

Food security is likely to remain one of the
critical challenges for the world to face in 2024.

Looking to 2028: global severely food insecure
population is projected to hit 956 million

WAGENINGEN

UNIVERSITY & RESEARCH

https://blogs.worldbank.org/en/agfood/food-security-trends-2024-and-beyond



Food and Agriculture Organization
of the United Nations

Worldwide:

Primary production
9.4 billion tonnes
(+53%)




WAGENINGEN

UNIVERSITY & RESEARCH




Food and Agriculture Organization Worldwide estimate:

of the United Nations ~ 400 million colonies
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WAGENINGEN

s T i 280 million wild https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10568204/
102 million managed https://www.fao.org/faostat/en/#search/bees’



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10568204/
https://www.fao.org/faostat/en/#search/bees

Herbicides Poor diet
keep crops compromises
free of weeds, immunity.
reducing

food

diversity.

Lack of Exposure
alternative to pesticides
forage can increases
increase susceptibility

to pests and
pathogens.

WAGENINGEN Ppesticide

UNIVERSITY & RESEARCH €©Xposure.




[OWA STATE  INTEGRATIVE INSECT SOCIOBIOLOGY
UNIVERSITY THE TOTH LABORATORY

Department of Ecology, Evolution,
and Organismal Biology (EEOB)
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USDA #saNIFA
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United States Department of Agriculture
National Institute of Food and Agriculture




USA is dominated by farms:
41% of the landscape Is farmed

lowa 86%

Percent

Less than 10
10-29

30 - 49

50 - 69

70 - 89

80 or more
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lowa farmland is
Soybean 40.000 km?2

Corn / maize 53.000 km?2

Source: extension.iastate.edu




Nectar &
no pollen

unitedsoybean.org



“if left untreated,
vield reductions >40%
can occur in heavily
infested fields”

B 2000
|| 2001-2009

https://www.insectforecast.com/2014/03/soybean-aphid/



Foliar Insecticides

soybean

-
L
@
-
-
e—
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cyfluthrin

chlorpyrifos

Yang and Suh 2015




Pollen &
no nectar

Foto source: unknown
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https://cropprotectionnetwork.org/publications/corn-invertebrate-
loss-estimates-from-the-united-states-and-ontario-canada-2022

y

-
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. " \ /.
B v

= 3

Figure 2. Corn rootworm larvae on corn roots. Rootworms were estimated to reduce overall yield

447 million bushels in 2022.
(11 million metric tonnes)

lowa State University Integrated Pest Management Program



Neonicotinoids (mil kg)
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Seed Treatments

B Maize
Soybean
Cotton |
Vegetables + fruit
Orchards + grapes
Wheat
Rice
Pasture + hay

B Other crops
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! I T
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Douglas and Tooker 2015
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Honey bee colony mortality: 2022/2023
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https://research.beeinformed.org/loss-map/



USA: Self reported causes of colony losses
Respondent % (commercial beekeepers)
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Envwonmental stress bee health
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Research & Extension
'ﬂw Y Stakeholders @Q&
US DA i IIN I FA Solutions &
United States Department of Agriculture
National Institute of Food and Agriculture

*Colony and individual
health indicators

Objective 2



6 Soybean fields 6 Prairie sites
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6 Soybean fields 6 Prairie sites




6 Soybean fields

6 Prairie sites



Site Seed treatment | 1st Herbicide used 2nd Herbicide used Insecticide
Dairy |Pioneer Premium|2pints Prowl H20, 50z| 360z Roundup Powermayx,

CONV minus llevo Sonic 80z Clethodim, 100z Cobra
Lippert . : Clethodim, Flexstar, &

IPM fungicide Zidua Pro Zidua NA
Finch funsicide 2pints Prowl| H20, 50z | 360z Roundup Powermayx, NA
NONE 8 Sonic 80z Clethodim, 100z Cobra




V.

Insecticide

Active Ingredient:
Lambda-cyhalothrin'2 . . . . . .. 22.8%
Other Ingredients: 77.2%
Total: 100.0%

Warrior || with Zeon Technology
contains 2.08 |b of active ingredient
per gal and is a capsule suspension.

1CAS No. 91465-08-6
2gynthetic pyrethroid
Caontaing petroleum distillate.

EPA Reg. No. 100-1285
EPA Est. 38578-TX-1

Warriorll

with Zeon Technology ©

a.l.; a synthetic pyrethroid,
Lambda-cyhalothrin

“pyrethroid bifenthrin
enhances CYP9Q1 transcripts”

Mao W, Schuler MA, Berenbaum MR. (2011)
CYP9Q-mediated detoxification of acaricides in
the honey bee (Apis mellifera). Proc Natl Acad Sci
US A:12657-62. doi: 10.1073/pnas.1109535108.



6 Soybean fields 6 Prairie sites




————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Hive assessments | Pollen collection Labwork
Hive weight
Brood Cover . Trap activated every two VIRUS TITERS HB

Sides of bees weeks FAT HB
Queen present Y/N | !
10 times 15 times - 4 dates
______________ Wildbees | |  Wintersurvival | | Additional
Bee bowls Listening if colonies are alive BROODMINDERS
Transects | About every two weeks i IBUTTONS

Every two weeks FLIR HEAT CAMERA

___________________________________________________________________________________________________________________________________________________________












2017 + 2018 + 2019

2017 data suggests:

(unpublished data)
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(unpublished data)






Colony Weight (Kg)

16 *
_—
12 /
\' | Prarie/Soy
8 I "~ F(1,131)=5.0, p=0.027 *
4
0

'\//\ ’19 '\,)’/ "ﬁb, (unpublished data)



Brood (mm#2)

Prairie/Soy
~ Prairie
— Soy

Prairie/Soy
F(1,131)=29 , p<0.001*

(unpublished data)



Frame Sides of Bees

M
=
l

—h
L
l

10+

Date

_| Praine/Soy

—Hraire

Prairie/Soy
F(1,131)=3.1, p=0.08

(unpublished data)
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sSurvival Plot

=2.57, p=0.11

Fraine

Wilcoxon X2

- - BL0Z/1/S
BLOZ/L/p
gLoz/1/s
gL0Z/1/2
BL0z/L/1L

- L102/1/z1
LL0z/1/LL
- 10z/1/01
- L102/1/6

— {102/ L8

—LL0ES 1AL
— {102/ 179

—LL0Z/1L/S

£ =
- -

alel |ealans Auojos)

(unpublished data)

date death



Survival Plot

0.004 , p=0.95

Wilcoxon X2
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(unpublished data)
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HIGH FAT
= LOW FAT
p<0.05*

h

~BL0Z/ED0

-BL0Z/20

~BL0Z/LD

~LL0Z/EL

~LLOZ/LL

-L10Z/0L

1.0

0.8 -

[
-
-

Buinang

[
=t
=2

0.2 -

)
-

date

(unpublished data)



COLONY WEIGHT

Survival Plot
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(unpublished data)



Survival Plot
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Oral* Fecal Body Venereal Vector- Queen to
Contact mediated eggs
IAPV + + + Ve.S. + (Vd) +
ABPV + -+ BC.S Ve.S. Vd.S., +-
Tm.S.
KBV + + BC.S — + (Vd) +
BQCV + + ? Ve.S. - -+
DWV + . - + + (Vd, Tm, I
At.S.)
SBV + — - \Ve.S. — -
SBPV + i < i + (Vd) ?
CWV 0.S. ? ? i - ?
CBPV + + + - Vd.S +
LSV + ? ? - Vd.S. +
BeeMLV F’; ? ? ? Vd.S. ?



Sacbrood example: Workers that feed larva

Siefert et al 2021




DWV example: Varroa

Siefert et al 2021




HONEY BEE BEHAVIOURS WITHIN THE HIVE:
INSIGHTS FROM LONG-TERM VIDEO ANALYSIS

HoNEY BEE
WORKER DEVELOPMENT:

OVIPOSITION

DOI: 10.1371/JOURNAL.PONE.0247323

Siefert P, Buling N, Griinewald B (2021) . . .
Honey bee behaviours within the hive: Insights from long-term video analysis. Attribution 4.0 International (CC BY 4'0)

PLoOS ONE 16(3): €0247323. doi:10.1371/journal.pone.0247323
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YVirus 50's

= Mean(log Ol
= Nean(logDW)
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(unpublished data)
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Bees
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Brood
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Colony
Mass (kg)

o0 OoN
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(unpublished data)

Factor / Variable Unit
Date 4 levels
Colony 33 levels
Site (forage) 8 levels
Insecticide 2 levels
Queen status 2 levels
Colony weight kg
Brood ammount mm’
Bee Population n frames
Bee weight mg
Varroa %
Fatbody %

RNA quantity ng/ul
ABPV n copies
BQCV n copies
DWV n copies
SBV n copies
LSV n copies
IAPV n copies

Averaged Models

BQCV | DWV

Model selection
and averaging

(package MuMlin)

In R

23

SBV

LSV

72




BQCV * Spring
Date ok | . e Summer

o
Brood amount A A » » * Fall

0- o
1] ] 1] ‘[ 1] ] 1] [ 1] ]’ 1]

0 100000 200000 300000 400000
Brood

(unpublished data)






DWV

Date ok
Bee population (.)
Varroa (-)
ABPV *
g
* Spring =
e Summer %
* Fall =
* Winter

(unpublished data)
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LSV ™
Date ks ?- ': -
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SBV
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Colony
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()
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Spring
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(unpublished data)



A PRELIMINAIRY INSIGHT

Viral pathogens:

* variable over time

* can interact / co-infect

e aren’t less abundant at prairies
e correlate to colony traits

*BQCV BROOD

* DWV BEES/MITES/VIRUS
*SBV COLONY / LIPIDS?
*LSV SITE

(unpublished data)
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Doublet et al 2024
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TREATMENT



n 2

(Vp)

Q
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A

>p

V)
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Control

cYPoQ1

+ Insecticide

CYP9Q1

2017 2018

wmn
3
<N
>_
(&)
3 2
L
1 —— — —
Effect Tests
Sum of
Source Nparm DF Squares
TREATMEMNT 1 1 6235143
YEAR 2 2 5414519
YEAR*TREATMENT 2 2 10261914

2019

F Ratio
3.5890
1.5573
29515

Frob = F
00656
02235
0.0640

(unpublished data)



(Data unpublished)

VIRUSES

seasonal patterns, colony dynamics,
disease co-incidence

PERFORMANCE and SURVIVAL
nutrition, varroa mite pressure, frost
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United States

Arkansas
Colorado
Delaware
District of Columbia
lllinois
Indiana
lowa
Kansas
Maryland
Michigan
Minnesota
Missouri
Montana

Canadian Provinces

Saskatchewan

Select a state below to view the interactive map:

Nebraska
New Jersey
New Mexico
North Carolina
Ohio
Pennsylvania
South Dakota
Tennessee
Virginia

West Virginia
Wisconsin
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Pollinator Extension Specialist Randall Cass
“lowa is home to more than 300 different
species of bees. Extension will help gain a
better understanding of bee populations
and the challenges they face, as well as
actions individuals can take to mitigate
stressors that affect bees.”

RP Cass, EW Hodgson, ME O’Neal, AL Toth, AG Dolezal (2022)
Attitudes About Honey Bees and Pollinator-Friendly Practices:

A Survey of lowan Beekeepers, Farmers, and Landowners
Journal of Integrated Pest Management 13 (1), 30.
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