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• Verified presence in every county in IL 
and most of the corn belt (Marett and 
Tylka, 2017)

• Average annual yield losses of 
approximately 11% (Hartman et al., 2015)

• Estimated economic effect of >$1B 
annually (Wang et al., 2017; Allen et al., 2017)



• Overcoming of PI 88788 resistance is 
also widespread

• Consecutive uses of same source of 
SCN resistance (PI 88788) and/or 
continuous soybean will increase rate 
of SCN adaptation/evolution 



Trial at Ewing 
Demonstration Center

**Limited by single time point for soil 
sampling and SCN egg counts



The soybean cyst nematode (Heterodera glycines, SCN)
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Cover crops and the soybean cyst nematode

Increase SCN population 
density if cover crops are 
inadvertent hosts

Decrease SCN population 
density due to one or 
more mechanisms

No effect



Trap crop



Hatch stimulant



Inhibitory allelochemicals



Toxic allelochemicals



What we know:
Field studies:
• Results inconsistent 

or not significant
• No differences 

between cover crops 
controls

(Wen et al. 2017, 
Miller et al. 2006, 
Chen et al. 2006)

Greenhouse/lab studies:
• Results inconsistent or 

not significant
• No difference between 

cover crops and controls
• Or lack sufficient 

controls
(Warnke et al. 2006, Riga 
et al. 2001, Warnke et al. 
2008) 

Host status of cover crops:
• Little reproduction on 

leguminous cover crops 
(5 or less)

• No reproduction 
observed on brassica or 
grass cover crops

(Kobayashi-Leonel et al. 
2017, Acharya et al. 
2016)



Cover crop seed company claims



Cover crop seed company claims



Greg Tylka



Experiments

BIGsmall

On-Farm 
strip trials

Small-plot 
field studies

Greenhouse 
experiments

Lab-based 
assays



Treatments

Cereal rye (CR) 
Secale cereale
Aroostook
Guardian

Annual ryegrass (ARG) 
Lolium multiflorum
Bounty
RootMax

Mustard (M) 
Brassica juncea
Kodiak
Pacific Gold

Daikon radish (DR) 
Raphanus sativus subsp. 
longipinnatus
Tillage (CCS 779)
Enricher  

Mixes (Mix)
SF102- CR, DR, & 
crimson clover (CC), (VNS)
Soil Buster- Enricher DR & 
Bounty ARG
Synergist Mix- Dwarf 
Essex (rapeseed, R) & 
Bounty ARG

University of Nebraska- Lincoln Green Cover Seed

Boston Seeds

Prairie Farm Report

Ohio State University

Kings AgriSeeds

Oilseed radish 
(OSR) Raphanus
sativus subsp. 
Oleiferus
Image
Terranova



Control treatments
• Non-cover crop, nonhost control tomato cv. Rutgers
• SCN-Susceptible soybean cv. Williams 82
• Unplanted (fallow)

• Zinc sulfate (SCN hatch stimulant)
• DI water 



SCN hatching studies

Hatch stimulant?



SCN hatching studies

Noel and Sikora, 1996



SCN hatching studies

Noel and Sikora, 1996

Day 3 Day 7 Day 14
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SCN hatching results (group A)

Two runs
Four reps/run
⍺ = 0.05

Hatch in crimson clover root 
exudates/soil leachates 
greater than other cover crops



a

b

c

cd

de

def

def

defg

efg

efg

fg

g

0 1 2 3 4 5 6

(+) Zinc sulfate

CC SF102 Mix

(-) DI water

(ncc) T Rutgers

DR Enricher

OSR Image

OSR Terranova

DR CCS 779

DR SF102 Mix

M Pacific Gold

R Dwarf Essex

M Kodaik

Proportion hatch of the unplanted control

Ro
ot

 e
xu

da
te

/s
oi

l l
ea

ch
at

e 
tr

ea
tm

en
t

SCN hatching results (group B)

Two runs
Four reps/run
⍺ = 0.05

All but one treatment had no 
significant effect on SCN 
hatch compared to the 
unplanted or non-cover crop 
control
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SCN hatching results (group C)

Two runs
Four reps/run
⍺ = 0.05

No difference among grass 
cover crops and all had 
lower hatch than water



Thoughts on hatching results:
• Crimson clover a hatch 

stimulant?
• No significant hatch stimulation 

by all other cover crops
• Some cover crops inhibited 

hatch



SCN root penetration assay

Trap crop



SCN root penetration assay
Data collected: 

• total number of nematodes
• fresh root weight

Analyses conducted on:

• total number of nematodes per root 
• number of nematodes per g root 



Root penetration results

Three runs
Runs 1 and 3: 
Six reps each
Run 2: 
Three reps
⍺ = 0.05

Total root penetration higher 
for broadleaf cover crops than 
cerealsbroadleaf plants

grasses



Thoughts on SCN root penetration results

• Crimson clover: possible trap crop?
• Brassica plants: little potential
• Cereal rye and annual ryegrass: NOT 

trap crops



De-production experiment
Reproduction (as defined by 
dictionary.com): The natural process 
among organisms by which new 
individuals are generated and the 
species perpetuated

“De-production” (as defined by C. Harbach):
The natural process by which the number 
of organisms is decreased

SCN Coalition



De-production experiment
Data collected: 

• P(initial): SCN population density at the 
beginning of the experiment

• P(final): SCN population density at the end of 
the experiment

Analyses conducted on:

• P(final) ÷ P(initial) = Population Change Factor 
(PCF)*, to assess the change in population 
density from beginning to end of cover crop 
growth

*Warnke et al. 2008



De-production results

Two runs
Six reps/run
⍺ = 0.05

Some cover crops had a lower 
PCF than both non-cover crop 
and no plant control, all had PCF 
less than 1.
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But wait! There’s more...
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Treatment grown in soil prior to soybean bioassay

Residual effects of cover crops on SCN reproduction 
Some cover crops and tomato 
have more residual effects on 
SCN reproduction than the 
unplanted control

Two runs
Six reps/run
⍺ = 0.05



Thoughts on de-production and residual effects

• No significant reduction in PCF in cover crop 
treatments compared to the 
• Unplanted control
• Tomato control

• Some residual effects on 
SCN reproduction



Small-plot studies
Two locations

Fruitland, IA 
(Muscatine Island 
Research Farm 
[MIRF])

Kanawha, IA 
(Northern 
Research Farm 
[NRF])

Two rotations 
(fields) per location

2016 Soy
2017 Corn
2018 Soy

2016 Corn
2017 Soy
2018 Corn

Ten treatments

ARG Bounty
ARG Rootmax
CR Aroostook
CR Guardian
M Kodiak
M Pacific Gold
DR Tillage (CCS779)
OSR Image
Mix SF102
Unplanted (fallow)

Three soil 
sampling 
dates/year

1. Seeding
2. Pre-winter
3. Spring 
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Small plot setup
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Photo credit: X. Phillips



Data collection and analyses:

Calculate two PCF (population change factor) values per year: 

(1) pre-winter ÷ seeding         (2) spring ÷ pre-winter

Conduct analysis of variance for each PCF value and field



Location Rotation Year PCF P value

MIRF

S-C-S
1 1 0.97

2 0.26

2 1 0.51
2 0.75

C-S-C
1 1 0.80

2 0.78

2 1 0.64
2 0.25

NRF

S-C-S
1 1 0.49

2 0.47

2 1 0.93
2 0.86

C-S-C
1 1 0.09

2 0.70

2 1 0.38
2 0.29



Thoughts on small plot results
• No significant reduction in 

SCN numbers*
• Years
• Locations
• Treatments
• Sampling dates

*Under these experimental     
conditions



Thank you!

Chelsea Harbach at harbach2@Illinois.edu or 
309.734.1098 or @chelseaharbach
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