Geddes Lab Executive Summary
Potential for combatting iron deficiency chlorosis with the soybean microbiome

Iron deficiency chlorosis (IDC) is a wide-spread problem strongly affecting soybean production in North Dakota. The characteristic yellowing of plant leaves suffering from IDC is caused by a lack of chlorophyll formation due to poor function of iron-requiring enzymes involved in chlorophyl biosynthesis. North Dakota soils normally contain more than enough iron for plant function, however much of the iron is not in soluble form needed by the plant. Despite a decades-long recognition of the problem, few effective solutions are available for farmers. One option involves applying iron fertilizer in-furrow at planting. Only red chelate fertilizers such as Soygreen are effective, and these fertilizers are impractically expensive for most farmers. Some genes in soybeans that confer resistance have been identified, and varieties that incorporate these genes can help, though traits to improve IDC tolerance are often not sufficiently incorporated into commercial varieties with other desirable traits such as weed control. 

The ability of microbes to solubilize iron, making insoluble iron available to the plant, represents a new opportunity to combat IDC. Such microbes could be cultured and deployed with rhizobia as inoculants. By isolating these microbes from North Dakota soils, the likelihood they will be persistent and effective when growers applying them in our environmental conditions would be enhanced (a “tailored inoculant” approach). In this study we aimed to evaluate the composition of the soybean microbiome under IDC conditions. We found evidence for selection in the soybean rhizosphere microbiome, indicating it is actively tailoring its microbial community, and observed a significant differences in the microbiome compositions of soybean microbiome that correlated with IDC levels at four fields in North Dakota (Figure 1). To set the stage for future investigation of North Dakota microbes from these microbiomes, we optimized a colorimetric Chrome Azurol S assay that can be used to identify siderophore producing microbes (Figure 2). Finally we adapted a greenhouse assay from Dr. Jay Goos that can be used to test for recovery from IDC in the same field soil we have used for the microbiome analysis (Figure 3). 

Overall this project has laid important pioneering groundwork that sets the stage for future research efforts to more comprehensively evaluate the potential for the soybean microbiome as another tool that could be utilized by North Dakota farmers to combat IDC.
