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• Determine how germplasm improvement affects
recruitment of the rhizosphere microbiome.
– Our focus is on nitrogen cycling functions that impact
nutrient retention and sustainability in agroecosystems.
• Identify the plant genomic and biochemical mechanisms
that influence the rhizosphere microbiome and its
functions.

Approach

selection has
degraded microbial
functions related to
sustainability.
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• NIL 21 contains genes for pathogen response.
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Nitrification

• Bioenergy crops are at the early stages of development.
• Can we identify and retain desirable microbiome traits
as we improve bioenergy feedstocks?

Sorghum results:
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• Examine the structure and activity of the rhizosphere
microbiome as a function of host plant genotype:
– We use maize as a model for long-term plant selection.
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• Evaluate in the context of
N2O
denitrification
• These results demonstrate the genetic basis of host
agroecosystems.
plant influence on the functions of the rhizosphere
microbiome.
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– Genes involved inhormone synthesis, environmental stress
regulators

Selecting for sustainable microbiomes in
bioenergy crops

Nitrification genes

Can we “rewild” modern crops and regain
sustainable functions?
• Maize-teosinte near isogenic
lines (NILs) allow
identification of teosinte loci
conferring sustainable traits.

– Anthocyanidin, chorismate synthesis
– O-methyltransferase genes important in
secondary metabolite synthesis
– Biological nitrification inhibitors (BNI)
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Goals

• Crop breeding and
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• We hypothesize that the functional profile of the microbial
community can be treated as a selectable plant phenotype
and optimized through plant breeding.

• NIL 47 introgression contains genes for synthesis of
defensive secondary metabolites.

2000

2000

Introgressed loci encode function that
affect recruitment of the plant microbiome
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• Breeding for crops in a high 0
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nitrogen environment may
have led to the loss of nutritional mutualisms, which are
crucial for the sustainability of agroecosystems.
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Genotypes selected under different nutrient conditions were
grown in a common garden

N mineralization pathways

Abundance of amoA (copies/ngl)

maize genotypes
compared for
microbiome function

• Functional genes for N
mineralization and N fixation
decline across the germplasm
chronosequence, reducing
sustainable N provisioning.
• Abundance of nitrifiers
increases in more recently
developed germplasm,
promoting unsustainable N
processes.
• The ability for host plants to
inhibit nitrification by the
rhizosphere microbiome has
been lost through crop
improvement.
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• Modern agricultural practices have replaced soil microbiome
functions associated with crop nutrient acquisition and
sustainability.
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– In particular, nitrogen (N)
12
acquisition from external
inputs rather than
9
microbial processes has
6
increased throughout the
th
3
20 century.

Results

Potential nitrification rate (ng N/g/h)
15000
25000
35000

Introduction

4

3

2

1.5

1.0

0.5

1

0.2
Bulk soil

Rhizosphere soil

Bulk soil

Rhizosphere soil

Bulk soil

Rhizosphere soil

• Nitrification is suppressed in the sorghum rhizosphere compared
to bulk soil, and is correlated with the abundance of ammoniaoxidizing bacteria and archaea.
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R2 = 0.20, p-value = 0.08

R2 = 0.27, p-value < 0.001
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Conclusions
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• Sorghum is known to
produce BNIs that may
potentially:
– Improve plant
competition for N
– Reduce N losses from
agroecosystems
• Optimizing this trait will
enhance sustainability of
biofuel feedstocks.

• Long-term germplasm improvement alters plant
recruitment of the rhizosphere microbiome.

– This has altered rhizosphere N cycling functions and
reduced sustainable microbial processes.

• By approaching the microbiome as an “extended
phenotype” of the plant genome, we can select for
microbiome functions that enhance sustainability.

