Estimating the contribution of soil
microbiome the crop rotation effect
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Discover, Translate & Commercialize the

Plant-Soil Microbiome into Agbiologicals
that Optimize Productivity, Increase Yield
& Ensure Environmental Sustainability

Food Security from
the Soil Microbiome

¥ Soil micro-organisms are vital for soil health
and lood security.

Intensive agricultural production often impacts
the soll micreblome at 3 cost to productivity,
sustainability and the environment,
Microbiologists are invastigating how the sail

microblome can be harnes: sed as a tool for
sustainable agricultural intensification
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: What roles do soil microbes play in plant health
and productivity?

Pathogen

Drought

Image from: Tringe, Joint Genome Institiute



Phenome

Host
* Host genotype
* Developmental stage
* Plant health
» Plant Fitness (Biotic &
abiotic stress)

Above ground

Second genome

Functional microbiome

Below ground

Host factors

Root exudates

* Chemotactic

» Recognition

* Colonization & Biofilm
formation

Lakshamanan et al., 2014



How does the soil microbiome play a role in the
crop rotation effect?

Grain yield {(bu/A) Soybean Yield Response Following Five Years of Corn Grain yield (Mg ha)
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Cropping Sequence
C= Corn, S= Soybean, 1S= First year soybean, 25= Second year soybean... $S= Continuous soybean
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* Arlington Research Station (since 1983)

* 14 total rotation phases present each season
* Four replications of each rotation phase

* No tillage plots

Rotation Schemes
Continuous Continuous Annual Corn
Soy Corn Soy
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Long-Term Corn-Soy Rotation Experiment

Five-Year Corn-
Soy Rotation
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1st Corn

4th Corn

2nd Soy
m 5th Soy
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2nd Corn
5th Corn
® 3rd Soy

3rd Corn
1st Soy
® 4th Soy



W Research Objectives

Objective 1:

a. Determine if rotation phase impacts soil
bacterial community composition and
structure.

b. Determine if differences in bacterial community
composition relate to differences crop vield.

Obijective 2: Determine if rotation phase differentially
impacts soil carbon usage of microbial communities.
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A"t Soil data collection and bacterial community

analysis

4 ™
1.  Soil sampling timepoints

Planting Midseason Harvest




Bacterial communities differ between continuous

rotations but not between phases of annual rotations

NMDS 2

stress = 0.101

\\

01

NMDS 1

0.2

03

[ ] Annual-Corn Phase (C)
[ ] Annual-Soy Phase (S)
I Continuous Soy (SS)
B Continuous Corn (CC)




As years of soy increase, communities shift from a
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more “corn-like” to a more “soy-like” community

NMDS 2

stress = 0.107

-0.1 0.0 0.1 0.2
NMDS 1
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15t Year Soy (1S)

214 Year Soy (2S)

3rd Year Soy (35)

4th Year Soy (4S)

5th Year Soy (5S)
Continuous Soy (SS)
Continuous Corn (CC)
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Bacterial communities of 5-year corn rotations shift
later in rotation phase to “corn-like” community

Fall, stress = 0.095

[] 1 Year Corn (1C)
] 2" Year Corn (2C)
s [ 3™ Year Corn (3C)
B 4t Year Corn (4C)
B sth Year Corn (5Q)
B Continuous Corn (CC)
s B Continuous Soy (SS)
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ow do differences in bacterial communities relate to
ifferences in soybean yield?

p=0.050

® o 1 15t Year Soy (1S)
[ 279 Year Soy (25)

[ 3dYear Soy (35)

¢ B 4th Year Soy (4S)
° B 5t Year Soy (59)

Soybean Yield (Kg/ha)
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Dissimilarity to Continuous Soy
(Bray-Curtis distance)

e The more bacterial communities differ from a “continuous soy
(SS)-like” community, the higher the soybean yield.

* Asyears of soy planted increase, the more bacterial
communities resemble the bacterial community of a continuous
soy system.
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How do differences in bacterial communities relate with
differences in corn yield?
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 Theydon’t correlate well... no significant trend between how similar
or dissimilar a bacterial community is from CC and corn vyield.
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Objective 1 Conclusions

1. The bacterial communities of CC and SS are
significantly different from each other, while the
bacterial communities two phases of the annual
rotation are not.

2. As years of monoculture increase, the more the
bacterial communities resemble that of a continuous
monoculture system.

3. The more bacterial communities differ from a

“continuous soy (SS)-like” community, the higher the
soybean yield.
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\|// Research Objectives

Objective 1:

a. Determine if rotation phase impacts soil
bacterial community composition and
structure.

b. Determine if differences in bacterial
community composition relate to differences
crop vyield.

Obijective 2: Determine if rotation phase differentially
impacts soil carbon usage of microbial communities.
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ethods for analysis of microbial carbon usage (2% 2%
Iversity
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Measure the changes in the Biolog EcoPlate technology

indicator dye for carbon usage

based on rotation phase 16
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Does carbon usage differ between microbial
communities of different rotation phases?

Biolog EcoPlate I 2 3 4
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Differences in carbon use based on
rotation scheme and time of season

/ 5-year Soy Rotations 5-year Corn Rotations Annual vs. Continuous Rotations \
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Objective 2 Conclusions

1. The microbial communities do not significantly differ in

their carbon usage based on rotation phase at either
midpoint or harvest.

2. Environmental selection pressure of the Biolog EcoPlate
could be playing a role.
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Take-home points

1. Soil bacterial communities differ based on rotation
phase and in the case of soybean these differences can
explain a portion of the variation in soybean yield.

2. More data is needed to really see if these relationships
hold throughout the growing season and over years.

3. 2017 and 2018 data (six total timepoints) are in the
process of analysis now...so stay tuned!

1. Soil microbial communities do not significantly differ in
their carbon usage based on rotation phase at either
midpoint or harvest.
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