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Overview of nodulation in soybean.

Signals LCOs

Colonization + 
organ formation

Ureides
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Is there an optimum number of soil rhizobia 
that supports yield?

Symbiosis with soybean

Indigenous rhizobia Rhizobial inoculant
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Is there an optimum number of soil rhizobia that 
supports yield?

Thies et al., 1991; Applied and Environmental Microbiology

Under nitrogen limitation

Response to 
inoculation 

(yield)

Indigenous rhizobia g-1 soil

0-100 >100

High Little-none

Hawaii Wisconsin

Furseth et al., 2011; Agronomy Journal

At 10,000 indigenous 
rhizobia g-1 soil, no 

inoculation is necessary.
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Quantitative PCR (qPCR):
an effective method to enumerate soil rhizobia.

Furseth et al., 2010; Crop Science

Soil sample

Extract DNA
qPCR in 96-well plates;
organism-specific (nodZ) primers;
SYBR detection system
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Furseth et al., 2010; Crop Science

Advantages of qPCR over MPN method:
1) High throughput : hundreds of soil samples per week
2) Less variable

Disadvantage of qPCR over MPN method:
1) Cost: about $12 per soil sample

Quantitative PCR (qPCR):
an effective method to enumerate soil rhizobia.
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Silt loam
Irrigated sand
Clay loam

http://corn.agronomy.wisc.edu/HT/2009/2009Text.aspx

A study on rhizobial inoculation in nine WI locations.

Furseth et al., 2012; Crop Science

Initial rhizobia 
~7000-145,000 g-1

soil



No overall effect of inoculation on soybean yield.

Furseth et al., 2012; Crop Science
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UTC = Untreated control
Excalibre = Bradyrhizobium japonicum
and Bradyrhizobium elkanii
Optimize = Bradyrhizobium japonicum + LCOs
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Silt loam
Irrigated sand
Clay loam

http://corn.agronomy.wisc.edu/HT/2009/2009Text.aspx

Inoculation increased seed yield and protein content in 
three locations.

Furseth et al., 2012; Crop Science

E

E = Excalibre
O = Optimize

E

O



Does LCO have an effect on the plant?

Marburger et al., 2018; Plant Health Progress

Foliar LCO increases disease progression in the presence of Sclerotinia
sclerotiorum.
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Do harsh environments affect the population size of soil 
rhizobia?

 ~10,000 rhizobia g-1 soil in WI

 Supports good yield

 Sensitive to harsh environments (drought and flooding)?



Drought does not affect initial rhizobial population.

Barthelemy-Delaux et al., 2014; Plant Soil
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≥ 90,000 
rhizobia g-1 

soil



Flooding does not affect initial rhizobial population.

Furseth et al., 2011; Agronomy Journal

 ~10,000 rhizobia g-1 soil at the time of planting.

 Population increased by ~364,000 rhizobia g-1 soil independent of 
treatment.
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Seed yield negatively correlated with the initial rhizobial
populations in all locations.

Furseth et al., 2011; 
Agronomy Journal
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Future directions: Developing desiccation-tolerant 
inoculant.
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a) Naturally tolerant to 
desiccation.

b) Engineered to have higher 
tolerance to desiccation.



Future directions: Improved transport from the source to sink 
tissues.
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UPS1

Carter and Tegeder, 2016; Current Biology

Lines OverExpressing UPS1

Ureides



Future directions: Delayed nodule senescence.
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Senescent 
nodules

 Engineer host or symbiont.
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Summary

 Initial rhizobial population size an important factor for a 
response to inoculum.

 Drought and flooding have no large effect on initial 
rhizobial population.

 Scopes to improve nitrogen fixation and crop yield both 
on the host and symbiont.
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