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Rhizobia are responsible for biological nitrogen fixation (BNF) when in symbiosis with a 
host legume such as soybean.  Though evidence suggests that legumes prefer to use mineralized 
sources of nitrogen (N) in the soil before spending energy on a symbiotic relationship with 
rhizobia, total plant N derived from BNF is typically between 25 and 75% for soybean (Zapata et 
al., 1987).  Rhizobia inoculant application is the primary strategy employed by soybean producers 
to promote adequate levels of BNF.  Inoculant recommendations differ by state and are largely 
driven by crop history. Conley and Santini (2007) conducted a survey of 1,134 farmers in Indiana 
and found 18% to use rhizobia inoculants.  Wisconsin inoculant use was shown to be much 
higher, at 85% (n=168) (Conley, unpublished data, 2008).   

Inoculants have been thoroughly evaluated during the previous 50 years, but their effective-
ness remains unclear.  DeBruin et al. (2010) evaluated 51 inoculants across 73 environments (five 
states) between 2000 and 2008.  Yields responded positively to inoculation in 6 environments, 
negatively in 4 environments, with the remainder showing no response.  Across all environments 
and products, the yield response to inoculation was not different from zero.  Upon economic 
evaluation they found that for the 10 most widely used products, the probability of breaking even 
on investment ranged from 6 to 85%.   

Thies et al. (1991) surveyed rhizobia populations prior to planting and found little to no 
yield response to inoculation at rhizobia populations above 100 cells g-1 soil.  Moderate responses 
were observed between 10 and 100 cells g-1 soil, while the greatest responses occurred below 10 
rhizobia g-1 soil. Rhizobia populations are maintained over time if soybean is regularly 
incorporated into the crop rotation.  Across seven locations in Iowa, soils with a recent history of 
soybean were been shown to contain an average of 316,000 cells g-1 soil (Berg, 1988).  With most 
Midwestern production land in a corn – soybean rotation, the likelihood of positive responses to 
inoculation decreases.  Our goal for this research was to increase the predictability of a positive 
response to seed inoculation on a site by site basis.   

Soybean Response to Rhizobia on Previously Flooded Soil 

Prior to planting in 2009, many farmers were concerned with the viability of rhizobia 
following the long term flooding events of 2008.  To address this concern, three rhizobia 
inoculants were evaluated on soils near Watertown, WI which had been flooded for a minimum 
of three weeks during 2008.  The experiments were conducted at 3 locations, each arranged in a 
randomized complete block with 6 replications.  Due to the unique nature of flooding events, this 
experiment was only conducted during 2009.  Table 1 summarizes the results of this experiment. 

Seed yield, protein content, and oil content did not positively respond to the rhizobia seed 
treatments.  Seed treatments did not have any effect on the change in rhizobia population from the 
spring to fall (data not shown).  These results suggest that the flooding events of 2008 were not 
detrimental to the soil rhizobia population at these sites.  Though the use of inoculants did not 
provide any advantages in our study, farmers need to evaluate each situation by considering the 
source of any sediments and residue deposited by flood waters.   
________________________ 
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Table 1. Mean seed yield, protein and oil content 
across four rhizobia seed treatments on soil which had 
been previously flooded 

  Seed Yield Protein  Oil 

 kg ha-1 g kg-1 g kg-1 
Inoculant1       

Untreated 57.8 33.6a2 18.9 
Cell Tech® 57.7 33.6a 18.8 

ExcalibreTM 57.4 33.5ab 18.8 
Optimize® 55.3 33.3b 18.8 
LSD(0.05) NS 0.20 NS 

1 Cell Tech® and Optimize®, EMD Crop BioScience; 
ExcalibreTM, Advanced Biological Marketing 
2 Within columns, means followed by the same letter 
are not significantly different according to LSD (0.05) 

  

Response of Soybean to Rhizobia across Wisconsin 

In addition to the study of rhizobia on previously flooded soils, we conducted an evaluation 
of inoculants at nine locations throughout Wisconsin during 2009 and 2010.  Two inoculants, 
ExcalibreTM (Advanced Biological Marketing) and Optimize® (EMD Crop BioScience), were 
compared to a non-treated control on three soybean varieties each year.  Since the 2009 season 
was quite different from 2010, year and location were merged into one environment variable for 
data analysis.  Therefore, means were evaluated across 18 environments, as opposed to nine 
locations in each of 2 years. 

Across all environments, inoculant treatment did not affect seed yield at the α=0.05 level.  
However, yield did respond to inoculant treatment at the α=0.10 level.  Means were separated 
using Fisher’s least significant difference (α=0.10).  Optimize® resulted in yields which were 
higher than the non-treated control, but not different from ExcalibreTM.  Yields from the 
ExcalibreTM treatment were not different from the non-treated control (Fig. 1).  These results 
suggest that the use of rhizobia inoculants may result in a yield advantage in Wisconsin.  We are 
still evaluating the predictive response of soybean to pre-plant rhizobia populations.  These data 
will be presented at the 2011 WCMC. Ultimately producers need to consider product efficacy, 
their environment and cropping history when deciding to use inoculants in Wisconsin. 
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Figure 1. Soybean yield response to rhizobia inoculants.  Yield responded to inoculant treatment 
at α=0.10 (P=0.08).  Fisher’s least significant difference (LSD) (α=0.10) is 1.3 bu A-1 
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