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Agronomic Practices Influence 
Soil Biodiversity with Strong 

Feedback to Plant growth



Questions 
 How it influences soil health
 Long-term sustainability

Diversified cropping systems

Benefits
 Reduce marketing risks
 Increase farming profits
 Decrease carbon footprints
 Optimize soil resources utilization
 Enhance environmental benefits 



Rotational benefits:
 Reduce production risks
 Break pathogen survival chain
 Offer more weed control options
 Use water in deeper soil layers
 Use soil residual nutrients
 Effect on soil health/quality
 Effect on soil microbiomes

Well documented

Well known

Well known

Many studies

Black box

Little is known

Well known



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

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

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

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



Agronomic Practices and Soil Health

Main factors:
1. Fungicides use in pulse crops
2. Early-harvest pea vs late-harvest chickpea
3. Pulse-intensified rotations
4. Choice of crops and cultivars 
5. Fertilizer N effect on microbiomes
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Agronomics - Microbial Community – Soil Health



Fungicide use in pulse crops 
influenced the rhizobacterial
community, and interacted with 
the choice of crop cultivars 



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 
Rhizobacterial community



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
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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
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Canadian Journal of Microbiology

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

Dry weather during pulse crop growth prevented 
this legacy from occurring  

The drought-resistant Firmicutes dominated 
after late pulse termination, and Actinobacteria
dominated after early pulse termination.

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


Different crops selected different 
Rhizobacterial communities in the soil;
Pea functioned differently from 

chickpea in promoting biodiversity of 
the microbial community.



Cultivars differed in the ability of 
interacting with soil microbiomes; 

CDC Anna hosted the highest level of 
soil fungal diversity; Amit selected for 
antagonist species, hosted the lowest 
diversity.  
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Pulse cultivars developed different 
fungal communities in the root 
endosphere

Fungi influenced pulse plant roots and 
the yield in an interactive manner
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Gaseous losses 

(N2 & N2O)

Enzymes and gene-groups involved in denitrification in soil

Ammonium 
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(NO3

-)

Yang et al (2015), Applied Soil Ecology 
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Rotation effect:  P = 0.010

Pulse frequency

Soil residual N after 4-years of rotations 
(in the 0-120 cm depth) 
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Incongruous variation of denitrifying bacterial communities 
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The “pulse frequency” study shows:

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

Studies on “soil N chemistry” show:



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 soil.

Soil

Root



Infection by Ascochyta rabiae in chickpea 
triggered the production of 
phytochemicals in shoots and roots;

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



Soil

Soil health 
management

Pesticides
Soil N, P

EC, pH, water
Phytochemicals

Soil microbiome

Rooting systems

Choice of crop 
species, cultivars, 
and cropping systems
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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 soil

• Avenues to Utilize Soil Microbiomes:

• 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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