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Agronomic Practices Influence
Solil Biodiversity with Strong
Feedback to Plant growth
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Diversified cropping systems

Benefits

= Reduce marketing risks

* Increase farming profits

= Decrease carbon footprints

e Optimize soll resources utilization
Enhance environmental benefits

uestions
> How It influences soll health

» Long-term sustainability



Rotational benefits:

v Reduce production risks Well documented
v Break pathogen survival chain Well Kl
v' Offer more weed control options ~ Well known
v' Use water in deeper soil layers Well KGuL
v' Use soil residual nutrients Many studies

v’ Effect on soil health/quality
v’ Effect on soil microbiomes




Recent Research at the Swift Current
Research & Development Centre, AAFC

1. Determine the influences of agronomic
practices on soll biology and soll health

2. Evaluate the association of soll attributes
and crop productivity at a system level

3. Assess the probability of using soil beneficial
microblomes to suppress soil-borne
pathogens




Agronomic Practices and Soil Health

Main factors:

1. Fungicides use in pulse crops
Early-harvest pea vs late-harvest chickpea
Pulse-intensified rotations

Choice of crops and cultivars

e 0 N

Fertilizer N effect on microbiomes




Graduates and Post-Doc fellows
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Applied Soil Ecology

journal homepage: www.elsevier.com/locate/apsoil

Tag-encoded pyrosequencing analysis of the effects of fungicide application and

plant genotype on rhizobacterial communities

Chao Yang®"-<* Chantal Hamel®¢, Yantai Gan®¢, Vladimir Vujanovic"-¢

4 Semiarid Prairie Agricultural Research Centre, AAFC, Swift Current, SK, Canada
b Food & Bioproducts Sciences, University of Saskatchewan, Saskatoon, SK, Canada

¢ Graduate School of Life and Environmental Sciences, Kyoto Prefectural University, 1-5 Shimogamohangi-cho, Sakyo-ku, Kyoto 606-8522, Japan

Fungicide use In pulse crops
Influenced the rhizobacterial

m Unclassified bacteria
o Verrucomicrobia
m Proteobacteria
m Nitrospirae
o Gemmatimonadetes
m Firmicutes
- - - m Cyanobacteria
community, and interacted with
0 Chlamydiae
O Bacteroidetes
m Actinobacteria
m Acidobacteria
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the choice of crop cultivars

VI 0.49 0.57 0.55 037 0.47 1
VI 0.48 0.49 0.50 0.47 0.50 0.48 1
VIII " 048 047 021 0.48 047 0.45

Note: Treatment codes as listed in Fig. 1.
" Significant difference according to Parsimony test at P< 0,001, N=64.
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Fig.1. Relative abundances of phylogenetic groups in rhizosphere soils derived from
the different fungicide treatments and chickpea genotypes classified at the phylum
level. VC: CDC Vanguard Control; VI: CDC Vanguard treatment I; VII: CDC Vanguard
treatment II; VIII: CDC Vanguard treatment I1I; LC: CDC Luna Control; LI: CDC Luna
treatment [; LII: CDC Luna treatment II; LIII: CDC Luna treatment II1.
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Nontarget effects of foliar fungicide application on the L ” p . i

rhizosphere: diversity of nifH gene and nodulation in e “9{? :5.

chickpea field s W\
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Fungicide use In pulses influenced the

community of nifH N-fixing gene and
the carriers;

Fungicide use In pulses affected
phytochemicals on the roots, thus,
causing a shift of N-fixing
Rhlzobacterlal communlty
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Fungal Ecology

Wolume 15, June 2015, Pages 73-581

Pyrosequencing reveals the impact of foliar fungicide
application to chickpea on root fungal communities of durum :
wheat in subsequent year e

Cochliobolus e
7% ol

Ahmad Esmaeili Taheri*®* & - & Chantal Hamel°, Yantai Gan°

Fusarium made up 59% and 23% of all fungal
reads in the roots of durum wheat in 2009
and 2010, respectively;

Fungicide use in chickpea increased
Fusarium in the seminal roots of the
subsequent durum wheat, but inconsistent

15%

Relative abundance %%

AR 2009 SR 2009 AR2010 SR 2010



Changesin the Fungal Functional Diversity of Durum Wheat Roots in

Relation to Previous Year Farming Practices

Ahmad Esmaeili Taheri!-?*, Chantal Hamel?, and Yantai Gan?

»Previous pulses influenced the abundance
of antagonist and pathogenic fungal
species In the subsequent durum wheat.

»Previous chickpea increased virulent
fungal pathogens in the subsequent durum
wheat more than previous pea

»Durum wheat grown after pea had greater
fungal antagonists than durum wheat
grown after chickpea




Canadian Journal of Microbiology

Bacterial e

ndophytes mediate positive feedback
effects of early legume termination times on the NRC

yield of subsequent durum wheat crops Research Press

Early pulse termination promoted beneficial
bacterial community in durum plant roots the
following year

Dry weath

er during pulse crop growth prevented

this legacy from occurring

The droug
after late

nt-resistant Firmicutes dominated
pulse termination, and Actinobacteria

dominated

after early pulse termination.

Early Late Early Late Early Late
CDC Frontier CDC Luna CDC Wanguard



http://www.nrcresearchpress.com/action/clickThrough?id=1007&url=/&loc=/
http://www.nrcresearchpress.com/action/clickThrough?id=1007&url=/&loc=/

Pyrosequencing reveals how pulses influence rhizobacterial
communities with feedback on wheat growth

in the semiarid Prairie

Chao Yang - Chantal Hamel - Yantai Gan -
Vladimir Vujanovic

Plant Soil (2013) 367:493-505

0 » Different crops selected different
Rhizobacterial communities in the soll;

»Pea functioned differently from
chickpea In promoting biodiversity of
the microbial community.
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Fig. 3 Abundance of the OTUs belonging to the identified rhizobacterial phyla found in the rhizosphere of field-grown pulses
July and late September, in 2008 (Number shown on the scale represent the number of OTUs)




Chickpea genotypes shape the soil microbiome and affect the establishment of the
subsequent durum wheat crop in the semiarid North American Great Plains

Sail Biology &
Biochemistry
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» Cultivars differed in the ability of
Interacting with soil microbiomes;

W, Hlouze et al | 5o
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Genotype-Specific Variation in the Structure of Root Fungal
Communities Is Related to Chickpea Plant Productivity

Pulse cultivars developed different
fungal communities in the root
Claroideoglomus e n d O S p h e re

Fungi influenced pulse plant roots and
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sz the yield In an interactive manner
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Nitrates
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Yang et al (2015), Applied Soil Ecology



Pulse frequency

) - 3 pulses Rotation effect: P=0.010
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Incongruous variation of denitrifying bacterial communities &

as soil N level rises in Canadian canola fields
Chao Yang, Chantal Hamel, Yantai Gan *
Agriculture and Agri-Food Canada, Swift Current, Saskatchewan, Canada
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1. N chemistry in the soil is regulated by several
gene groups (with different codes)

2. A higher frequency of pulses in a rotation leads
to more N available in the soil

3. Some of the pulse fixed-N is wasted, most likely
through pulse-stubble decomposition

4. Good choices of varieties and rotations may help
optimize the use of soil N
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Spatial and temporal structuring of arbuscular mycorrhizal
communities is differentially influenced by abiotic factors and
host crop in a semi-arid prairie agroecosystem

Luke D. Bainard, lillian D. Bainard, Chantal Hamel & Yantai Gan

Sermiand Prairie Agricultural Research Centre, Agncu

e v e e s o b o M
Soil pH, P-availability, moisture, temperature,
and EC were found to be key factors
Influencing the composition of the AM fungal
community In crop roots.

Soil pH and EC influenced the composition of
the AM fungal community in the soll.
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Table 1
Concentrations (nL

Phytochemicals to suppress Fusarium head blight in wheat-chickpea rotation

Andre F. Cruz®, Chantal Hamel®*, Chao Yang?, Tomoko Matsubara®, Yantai Gan?, Asheesh K. Singh?,
Kousaku Kuwada €, Takaaki Ishii®
* Semiarid Prairie Agricultural Research Centre, Agriculture and Agri-Food Canada, Box 1030, 1 Airport Rd., Swift Current, SK, Canada 59H 3X2

" Graduate St ife and Environmental /oto | University, 1-5 Shimogamohangi-cho, Sakyo-ku, Kyoto 606-8522, Japan
* Research Laboratory, Yamaki Co. Lid., 1698-6 Kominato, Ivo, Ehime 799-3194, Japan

oncentrations (nLg ' fresh weight) of volatile organic compounds in the leafs and roots of chickpea tissues as influenced by genotype and fungicide application.

Chickpea variety

CDC Frontier
CDC Luna
CDC Vanguard

Leaf Root Nodule

1-Penten-3-ol Cis-3-hexen-1-ol Trans-2-hexen-1-ol 1-Penten-3-ol 1-Penten-3-ol

Infection by Ascochyta rabiae in chickpea

CDC Vanguard + fungicide

LSD
ANOVA

triggered the production of

rmmrrern  phytochemicals in shoots and roots;

§ nd, not detected, n/a; detectio

o] A

Seedling establishmant %)
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1-hexanol and trans-2-hexen-1-ol could
protect spring wheat seedlings against
damping-off caused by Fusarium
avenaceum the following year



Soil health

management

Choice of crop
species, cultivars,

Pesticides _
Soil N, P / — and cropping systems

PththemicaIs Lt ‘

| EC, pH, water | Rooting systems

Soil microbiome §
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KEY POINTS

« There are beneficial and pathogenic microbes in
the prairie soil

« Beneficial microbes often appear in healthy plant
roots; the magnitude of the effect varies with crop
species and cultivars

« Higher microbial diversity = healthy soll

To improve agronomic strategies and practices
with system approaches

Use pesticides in an efficient way

Genetic improvement through breeding to
enhance phytochemical profile (future goal)
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