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Project goals: Our overall objective is to identify the genomic and biochemical mechanisms 
by which plants influence their rhizosphere microbiome and its functions, enabling future 
germplasm improvement; and to determine the impact of altered rhizosphere nitrogen 
cycling functions on nutrient retention and sustainability in agroecosystems. Our 
interdisciplinary team employs a combination of metagenomics, measures of N cycling 
process rates, and plant breeding genetics to address these knowledge gaps. 
 
The plant microbiome helps plants acquire scarce resources and is an essential target for 
improving agricultural sustainability, particularly for biofuel feedstocks where reduction of 
anthropogenic inputs is desirable. However, the ability of modern crops to recruit and structure 
their microbiome may be altered by domestication and breeding. Selection for crop plants based 
on aboveground traits in high nutrient environments may inadvertently lead to changes to 
belowground plant physiology and relationships with the soil microbiome. In doing so, we have 
likely altered microbiome functions that contribute to sustainability and environmental quality 
(e.g. nutrient acquisition, nutrient retention, and GHG production).  
 
The first step to investigate this is to examine the structure and activity of the microbiome as a 
function of plant genotype, with a specific focus on N cycling functional groups. The functional 
capacity of the rhizosphere microbiome and the benefit to the host plant, as well as ecosystem 
services such as nutrient cycling and greenhouse gas emissions, vary with the composition and 
abundance of microbial assemblages. We hypothesized that plant genotypes differ in their ability 
to recruit microbial functional groups, and ultimately that the functional profile of the microbial 
community can be treated as a selectable plant phenotype and optimized through plant breeding. 
We used targeted functional metagenomic sequencing to survey the rhizosphere of diverse 
genotypes of several crops to compare their capability to recruit microbial nitrogen cycling 
functional groups, and examined rates of nitrogen transformations. Using maize as a model for 
bioenergy grasses, we observed significantly different N cycling microbial community structure 
among crop genotypes that represent the endpoints of directed evolution. In addition, differential 
abundance and composition of N cycling functional groups was associated with significant 
reduction in nitrification and denitrification in specific maize lineages. We are following up with 
examination of sorghum genotypes that strongly vary in nutrient use efficiency. Our results allow 
the linkage of host-associated microbial communities and ecosystem function and suggest that 
there is genetic capacity to optimize recruitment of N cycling functional groups, and improve 



crop sustainability. Understanding the mechanistic underpinnings of this relationship will allow 
breeders and ecosystem scientists to select bioenergy crop cultivars that interact with the 
nitrogen cycle in ways that improve the efficiency and sustainability of agriculture, while 
protecting environmental quality. 
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