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Soybean Cyst Nematode Management with Wheat

There is long standing observations that growers that include wheat in
their rotation have lower SCN numbers, we are trying to understand why

A student in my program (Elisabeth Darling) noticed that some wheat
roots had SCN juveniles, and we are investigating if wheat is working as a

trap crop. Our research has not yet provided answers, experiments are
ongoing



Multiple research publications demonstrate that including wheat in rotations reduces
SCN and some publications include some potential reasons.

Double cropping with wheat reduces SCN numbers 32% more than fallow
Rocha, L. F,, Pimentel, M. F,, Bailey, J., Wyciskalla, T., Davidson, D., Fakhoury, A. M., &
Bond, J. P. (2021). Impact of wheat on soybean cyst nematode population density in
double-cropping soybean production. Frontiers in plant science, 12, 640714.
A following study of the same group concluded that “the suppression of SCN in soybean
fields double cropped with winter wheat was potentially linked to enriched microbial
communities, increased populations of beneficial organisms, and higher concentrations
of chemicals with potential nematicidal activity.”
Rocha, L. F, Kinsel, M. E., Bond, J. P., & Fakhoury, A. M. (2023). Chemical profiles of
Heterodera glycines suppressive soils in double cropping soybean production.
Journal of Nematology, 55(1).
Is there other causes for the reduction? We are currently investigating this




Nematodes are all over the world!

Darling, 2020



$180 mil
annually

USDA-NASS, 2018

» Reduction in yiela by:
Seedling death
Water, nutrient stress
Stunted plants
Fewer tillers/low kernel
weight
In PNW, yield losses can

surpass 70% (Smiley et al.,
2015).




Objectives

To determine the plant-parasitic nematode abundance
and freqguency of occurrence in Michigan wheat fields

To identify root lesion nematodes (Pratylenchus) to
species in Michigan wheat fields




Determine the distribution and prevalence of Pratylenchus
species in Michigan wheat fields

1.1 Determine plant-parasitic nematode
abundance and frequency of occurrence in
Michigan wheat fields

Hypotheses 1.1:
Pratylenchus and Tylenchorhynchus will be most
abundant in Michigan wheat fields.



1.1 Determine the distribution and prevalence of Pratylenchus species in Michigan wheat fields

Late June
2022

Nematode Field parameters
measures :
Soil (/100cm3) Soil Type
Roots (/1g) Crop Hlstpry (2 yrs)
Variety

30 fields - 150 soil + 150 roots



Average populations of plant-

parasitic nematodes recovered

from Michigan wheat field soil
(above) and roots (below).

 Root lesion nematode
(Pratylenchus spp.) populations
did not surpass Pratylenchus
threshold of 200 individuals

/100cm:? soil.
o Recovered from 90% of fields

surveyed.

% fields infested 90% 87 77% 63% 44% 28 16
% % %

Genera (Common name)

% fields infested 73% 57 50
% %

Genera (Common name)

4%

30%

4%

4%



1.1 Results - Pratylenchus spp. recovered from wheat soil types

* Root lesion nematodes (Pratylenchus spp.) were recovered from sand and loamy fields more

than wheat planted in loam and clay.
* Again, trends were fairly consistent between soil and root sample densities.
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Determine the distribution and prevalence of Pratylenchus
species in Michigan wheat fields

1.2 To identity Pratylenchus nematodes to
species in both Michigan wheat fields.



12 Identify Pratylenchus individuals to species level using molecular tools



Pratylenchus spp. in Wheat
Fields

50% of fields with mixed populations of 2+
species



Notable Take-Aways

Root lesion nematodes (Pratylenchus spp.) are the most prevalent PPN in Michigan
winter wheat production.

Soil type data supports that root lesion nematodes prefer soils with higher sand
content (Kable and Mei, 1968).

The three most common root lesion nematode species in Michigan winter wheat fields
are P. penetrans, P. crenatus, and P. neglectus.

Tylenchorhynchus maximus (stunt) impact unknown in wheat.






Root lesion nematode species elicit different damage and reproduction in wheat

Winter wheat publications primarily focus on P.
neglectus and P. thornei (Vanstone et al., 1998;
Yield losses associated with P. Taylor et al., 1999; Smiley et al., 2010).
neglectus in winter wheat
P. penetrans and P. crenatus are not well
documented in winter wheat, but are reported in
wheat and cereal systems (Esmenjaud et al., 1990).

Yield losses associated with P.

thornei in winter wheat P. crenatus was previously reported to have the
lowest reproduction in wheat among maize and
(Vanstone et al., 1998; Taylor et other field crops (Urek, 1999).

al., 1999; Smiley et al., 2010).



Objectives

To evaluate reproductive potential of P. penetrans, P.
crenatus, and P. neglectus In carrot disc cultures

To determine reproduction and damage of P. penetrans, P.
crenatus, and P. neglectus in wheat plants




Root lesion nematode species elicit different damage and reproduction in wheat

Objective

2.1 To determine reproductive factors of P.
penetrans, P. crenatus, and P. neglectus in
carrot disc cultures

Hypotheses 2.1:
Pratylenchus species have different reproductive
factors under uniform growth conditions.




Root lesion nematode species elicit different damage and reproduction in wheat

Methods

Water

Treatment Individuals
Volume

P. penetrans 100pl
P. crenatus 100pl
P. neglectus 100pl

Control O 100pl
Carrots were sterilized with ethanol, flash-

flamed. and cut into 2cm sections. 10 replicates - (5) 40 days & (5) 80 days
For take-down, cut and soaked for 24 hrs. Contaminated discs were discarded




Root lesion nematode species elicit different damage and reproduction in wheat

Methods

Reproductive Factors and Data Analysis

RF = Final population density
Initial pop. density

After confirming normal distribution, data was
analyzed using a generalized linear model In
Rstudio, using packages



Root lesion nematode species elicit different damage and reproduction in wheat

Results
Round 1 Round 2

Treatment RF - 40 Days RF - 80 Days RF - 40 Days RF - 80 Days

P. penetrans 8.8+0.5a 1584.0 £29.3 a 3.1+0.2a 1413.5+39.5a

P. crenatus 39.5+10Db 1511.5+73.6a 6.0+0.5Db 1111.5+221Db

P. neglectus 26.0+150Db 1089.0+40.0b 54+0.6Db 769.5+33.7c¢C




Root lesion nematode species elicit different damage and reproduction in wheat

Why would P. penetrans go from the lowest RF to the
highest RF??

Species that rely on sexual reproduction need time and
energy to find a mate!



Root lesion nematode species elicit different damage and reproduction in
wheat

2.3 To determine reproduction and damage
of P. penetrans, P. crenatus, and P. neglectus in
wheat plants

Hypotheses 2.3:

Pratylenchus species have different reproductive
factors in wheat under uniform growth conditions.
Pratylenchus species have varying severity of damage
to wheat under uniform growth conditions.



Root lesion nematode species elicit different damage and reproduction in
carrot and wheat

Greenhouse trial (1.5L pots) Wat
ater

Treatment Individuals
Volume

Trial duration: 85 days
Replicates: 6

. , P. penetrans 3,000 2ml
Variety: Jupiter

P. crenatus 3,000 2ml
Measures collected: Plant

height (cm), Root length (cm) P. neglectus 3,000 2ml
and Root weight (g);

Soil and root nematode Control 2ml
densities collected for

Reproductive Factor (RF)




Root lesion nematode species elicit different damage and reproduction in
wheat

Reproductive Factors of P. penetrans, P.
crenatus, P. neglectus in winter wheat

* Reproductive factors comparatively low

* P. crenatus possessed an RF below 2.00

(Oosteinbrink, 1975) indicating winter wheat

IS not an excellent, but moderate host, to P.
crenatus.



Results

P. penetrans, P. crenatus,
P. neglectus impact on
winter wheat root weight
(above) and plant height
(below).




Key Take-aways

Carrot was an excellent host to all three root lesion nematode species.

P. penetrans decreased taproot weight by 35-38% and length by 31-37%; P. neglectus did
not significantly impact weight or length.

Winter wheat is an excellent host to P. penetrans and P. neglectus, but only a moderate
host to P. crenatus.

P. penetrans and P. neglectus decreased winter wheat root weight by 32% and 34%
respectively, but not height; P. crenatus did not significantly impact root weight or plant
height.

We hypothesize that root lesion nematode species that rely on sexual reproduction, like
P. penetrans, elicit higher levels of damage, due to higher energy demand and physical
tunneling and clustering to find a mate.



Overview

Overview

Plant-parasitic nematode communities in Michigan wheat fields

reproduction in wheat

Exploring host suitability and trap crop potential for
nematode management in winter wheat

Root lesion nematode species elicit different damage and )




Explore the potential of wheat as a trap crop for SCN

Wheat roots survey conducted in June 2022

Cyst (Heterodera) juveniles found in 30% of root samples.

Initial suspicion of cereal cyst nematode infection (Heterodera avenae)

No additional developmental stages observed in the samples.

Collected five cyst juveniles (J2 stages) from root tissue in two wheat fields
Species identification using PCR

Raw data reads indicated 100% match to SCN, H. glycines.

Hypothesis proposed: Winter wheat acts as a trap crop for SCN



Evaluate the impact of various wheat cultivars on SCN populations in
greenhouse (First experiment)

Planting date: 11/15/ 2023

Treatments:
 AgriMAXY 498
 Whitetail

e MCIA Whart

c DGI9172

« DFII9R

* Susceptible Soybean

First experiment

Inoculation date: 11/28/2023 (70 cyst per pot)

Harvest date: 1/29/2024

Second experiment
Photo by Razieh Yazdani



Evaluate the impact of various wheat cultivars on SCN populations in
greenhouse (First experiment)
Root staining

*\WWash and dry the roots, weigh 5 g of cut roots in a petri
dish.

*Submerge the roots in a 10% bleach solution, rinse and
soak them in tap water to remove residual bleach (Fig A).

*Add acid fuchsin stain to the roots in tap water, boil for 1
minute, cool, rinse, and then add acidified glycerin (Fig B).

*Heat the roots in glycerin until boiling for destaining, cool to
room temperature, and transfer the roots to a petri dish with
glycerin.

Examine roots under the microscope (Fig C).

Photo by Razieh Yazdani



Evaluate the impact of various wheat cultivars on SCN populations in
greenhouse (First experiment)

Results

*The wheat varieties were obtained from the Michigan Wheat Program,
representing the most planted varieties in Michigan.

*‘No SCN were detected in the roots of any of the wheat varieties.

*SCN were detected in the roots of soybeans planted as control.



Evaluate the impact of various wheat cultivars on SCN populations in
greenhouse (Second experiment)

Planting date: 3/11/ 2024
Inoculation date: 3/8/2023 (800 eggs
per small pot)

First harvest date : 9 days after
planting to monitor the SCN j2

Second harvest date: 18 days after

planting for observation of the SCN
j3 and |4

Third harvest date: 28 days after
planting to examine cysts.

Following harvest, the roots of the plants underwent staining
for analysis.

Detection of only SCN J2 in wheat roots suggests that
wheat functions as a trap plant.

Absence of SCN in the roots indicates that wheat is a non-
host.

Presence of all SCN stages suggests it acts as a host plant.
The experiment confirmed as the for all

stages of the SCN, while was found to be a
plant, as none of the SCN stages were observed In its roots.



Thank you!

MSU Extension: Dennis Pennington,
Ben Werling, and Ben Phillips

Carrot and Wheat farmers

Michigan Carrot Committee (Jamie
Adams)

Michigan Wheat Program (Jody
Pollock-Newsom)

USDA-NIFA CARE



