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Legume rhizodeposition promotes nitrogen
fixation by soil microbiota under crop
diversification

Mengjie Qiao 1,2,10, Ruibo Sun3,10, Zixuan Wang1,4, Kenneth Dumack 5,
Xingguang Xie6, Chuanchao Dai 7, Ertao Wang 6, Jizhong Zhou 8,
Bo Sun 1,11, Xinhua Peng, Michael Bonkowski 5,9 & Yan Chen 1

Biological nitrogen fixation by free-living bacteria and rhizobial symbiosis with
legumes plays a key role in sustainable crop production. Here, we study how
different crop combinations influence the interaction between peanut plants
and their rhizosphere microbiota via metabolite deposition and functional
responses of free-living and symbiotic nitrogen-fixing bacteria. Based on a
long-term (8 year) diversified cropping field experiment, we find that peanut
co-cultured with maize and oilseed rape lead to specific changes in peanut
rhizosphere metabolite profiles and bacterial functions and nodulation. Fla-
vonoids and coumarins accumulate due to the activation of phenylpropanoid
biosynthesis pathways in peanuts. These changes enhance the growth and
nitrogen fixation activity of free-living bacterial isolates, and root nodulation
by symbiotic Bradyrhizobium isolates. Peanut plant root metabolites interact
with Bradyrhizobium isolates contributing to initiate nodulation. Our findings
demonstrate that tailored intercropping could be used to improve soil nitro-
gen availability through changes in the rhizosphere microbiome and its
functions.

Chemical signaling between plants and soil microbiota plays a critical
role in microbial symbioses and rhizosphere microbiome assembly1,2.
The secondary metabolites exuded by plant roots are believed to
attract and filter species-specific microbial taxa3,4, including micro-
biota that complement their host’s functional repertoire with traits not
encoded in the plant genome5, such as biological nitrogen fixation and
phosphorus uptake6,7. In turn, compounds released by rhizosphere
microbes trigger plant responses that further adjust microbiome
specificity and composition8,9. This continuous chemical dialog is

reflected in the metabolic deposition of the host plant rhizosphere,
also known as rhizodeposition10–12.

Although great mechanistic insights have been obtained on rhi-
zosphere chemical signaling and rhizomicrobiome assembly of indi-
vidual plant species1,13,14, much less is known about how these
processes are influenced by interspecific interactions between coex-
isting plant species. Various studies have found that interspecific
neighbor-driven species recognition can induce a metabolic response
in the neighbor and change the chemical composition of its
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