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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

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

Primary production
9.4 billion tonnes

(+53%)
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Worldwide estimate:
~ 400 million colonies

280 million wild https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10568204/
102 million managed https://www.fao.org/faostat/en/#search/bees
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10568204/
https://www.fao.org/faostat/en/#search/bees
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INSECTICIDES



Department of Ecology, Evolution,

and Organismal Biology (EEOB)

INTEGRATIVE INSECT SOCIOBIOLOGY

THE TOTH LABORATORY



USA is dominated by farms:

41% of the landscape is farmed

Iowa 86%



85% of Iowa was prairie

Today, <0.1% of  Iowa's 

tallgrass prairies are left









Iowa farmland is
Soybean 40.000 km2
Corn / maize 53.000 km2
Source: extension.iastate.edu



unitedsoybean.org

Nectar &
no pollen



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

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



https://heimpellab.cfans.umn.edu/projects/soybean-
aphid-biological-control-north-america

Yang and Suh 2015

Foliar Insecticides



Foto source: unknown

Pollen &
no nectar
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IOWA ->
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(11 million metric tonnes)



Corn
rootworm

Douglas and Tooker 2015

Seed Treatments





h
tt

p
s:

//
re

se
ar

ch
.b

e
ei

n
fo

rm
ed

.o
rg

/l
o

ss
-m

ap
/

Honey bee colony mortality: 2022/2023

IOWA ->



USA: Self reported causes of colony losses
Respondent % (commercial beekeepers)

*

*

*

Source: Bee Informed Partnership



Environmental stress - bee health  

Pesticides Poor Forage Pathogens



www.prairiehaven.com

Can NATIVE PRAIRIE help honey bees? 
Improve resilience to stress





6 Soybean fields 6 Prairie sites

> 0.2 km2

> 1.6 km 





6 Soybean fields 6 Prairie sites

16 16 16



6 Soybean fields 6 Prairie sites

16 16 16

CONV IPM NONE



Site Seed treatment 1st Herbicide used 2nd Herbicide used Insecticide 

Dairy
CONV

Pioneer Premium 
minus Ilevo

2pints Prowl H20, 5oz 
Sonic

36oz Roundup Powermax, 
8oz Clethodim, 10oz Cobra

Warrior II

Lippert
IPM

fungicide Zidua Pro
Clethodim, Flexstar, & 

Zidua
NA

Finch
NONE

fungicide
2pints Prowl H20, 5oz 

Sonic
36oz Roundup Powermax, 
8oz Clethodim, 10oz Cobra

NA



a.i.; 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 
U S A :12657-62. doi: 10.1073/pnas.1109535108. 



6 Soybean fields 6 Prairie sites

August 10th

8 8 8 8 8 8



Hive assessments
Hive weight
Brood Cover
Sides of bees

Queen present Y/N
10 times

Pollen collection

Trap activated every two 
weeks

15 times

Winter survival

Listening if colonies are alive
About every two weeks

Wild bees

Bee bowls
Transects

Every two weeks

Labwork

VIRUS TITERS HB
FAT HB

4 dates

Additional

BROODMINDERS
iBUTTONS

FLIR HEAT CAMERA









2017 data suggests:

2017 + 2018 + 2019

(unpublished data)
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(unpublished data)





0

4

8

12

16

C
o

lo
n

y 
W

ei
gh

t 
(K

g)

*

Prairie/Soy

F(1,131)=5.0 , p=0.027 *

(unpublished data)



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

*

(unpublished data)



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

(unpublished data)





OCT 13th 2017



WINTER SURVIVAL



MAY 2nd 2018



Wilcoxon X^2=2.57 , p=0.11

(unpublished data)



Wilcoxon X^2=0.004 , p=0.95

(unpublished data)



p<0.05*

(unpublished data)



N=25
N=13

Wilcoxon X^2=14.3 , p<0.001***

COLONY WEIGHT

(unpublished data)



(unpublished data)
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Sacbrood example: Workers that feed larva
Siefert et al 2021



DWV example: Varroa
Siefert et al 2021
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(unpublished data)



KBV (ABSENT)

(unpublished data)



Factor / Variable Unit BQCV DWV SBV LSV

Date 4 levels *** *** *** ***

Colony 33 levels ** (.)

Site (forage) 8 levels ***

Insecticide 2 levels (.)

Queen status 2 levels *

Colony weight kg

Brood ammount mm
2

***

Bee Population n frames (.)

Bee weight mg (.)

Varroa % (.)

Fatbody % (.)

RNA quantity ng/μl

ABPV n copies *

BQCV n copies

DWV n copies **

SBV n copies ***

LSV n copies (.)

IAPV n copies

Averaged Models 5 10 23 72

Model selection
and averaging

in R

(package MuMIn)

D
a

ta
 o

n
d

er
 v

o
o

rb
eh

o
u

d

(unpublished data)



BQCV

Date ***

Brood amount ***

• Spring
• Summer
• Fall

(unpublished data)



DWV



Mijten Bijen                      Co-infectie

DWV

Date ***

Bee population (.)

Varroa (.)

ABPV *

SBV ***

• Spring
• Summer
• Fall
• Winter

(unpublished data)



LSV

Date ***

Colony (.)

Site ***

Insecticide (.)

Queen status *

Bee weight (.)

• Spring
• Summer
• Fall
• Winter

Site            Queen status         Bee weight

(unpublished data)



SBV

Date ***

Colony **

Fatbody (.)

DWV **

LSV (.)

Foto: Harmen Hendriksma

• Spring
• Summer
• Fall
• Winter

(unpublished data)



A PRELIMINAIRY INSIGHT

Viral pathogens:
• variable over time
• can interact / co-infect
• aren’t less abundant at prairies
• correlate to colony traits

•BQCV BROOD
•DWV BEES/MITES/VIRUS
•SBV COLONY / LIPIDS?
•LSV SITE

(unpublished data)



27,4% PC1

1
7

,3
%

 P
C

2

• No varroa
• Varroa

Doublet et al 2024





(unpublished data)



(unpublished data)



CYP9Q1 CYP9Q1

+ InsecticideControl

(unpublished data)



(Data unpublished)

VIRUSES
seasonal patterns, colony dynamics,

disease co-incidence

PERFORMANCE and SURVIVAL
nutrition, varroa mite pressure, frost

(pesticide: not a severe impact & not consistent)









RP Cass, EW Hodgson, ME O’Neal, AL Toth, AG Dolezal (2022) 
Attitudes About Honey Bees and Pollinator-Friendly Practices: 
A Survey of Iowan Beekeepers, Farmers, and Landowners
Journal of Integrated Pest Management 13 (1), 30.

Pollinator Extension Specialist Randall Cass
“Iowa 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.”

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=kzt2orQAAAAJ&sortby=pubdate&citation_for_view=kzt2orQAAAAJ:22I2CSi1iVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=kzt2orQAAAAJ&sortby=pubdate&citation_for_view=kzt2orQAAAAJ:22I2CSi1iVUC


Thank you team TOTH LAB et al.
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- EVERYONE I MET -



Team bijen@wur

Séverine KotrschalDelphine Panziera Harmen Hendriksma



SIB2023-002: Grip op bijenvirussen
Dutch Ministry of Agriculture, Fisheries, Food security and Nature
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