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What is soil health?

soll health < >soll quality

“the continued capacity of a soil to function as a vital living

ecosystem that sustains plants, animals and humans”
USDA, 2016
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‘Soil health.... Healthy soils maintain a diverse community

of soll OrganiSms that help to control plant disease, insect and weed pests,
form beneficial symbiotic associations with plant roots; recycle essential plant nutrients;
improve soil structure with positive repercussions for soil water and nutrient holding
capacity, and ultimately improve crop production" (FAO, 2008)



What are the biota doing?

Ecosystem services

Decomposition & cycling of organic matter

Regulation of nutrient availability
Suppression of pests and disease
Maintenance of soil structure & hydrology
Gas exchange and carbon storage

Soil Detoxification

Plant growth control

Estimated value: $1.5 trillion y*
(FAO)



Supporting soil microbial communities

Management practice

*Reduced physical disturbance

Increased microbial

abundance and diversity
*Continuous cropping

*Diverse cropping rotations
Cover cropping

Balanced nutrient management
Improved soll

Organic amendment application functioning

Use of inoculants



Soil Organic Matter

is vital for healthy soils!

https://www.quartoknows.com/blog/quartohomes/2
015/04/22/sustainable-gardens-and-organic-
matter/



Reduced physical disturbance

Increased microbial biomass (0-5cm) 8 to 202%
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Continuous cropping

increases microbial biomass, even when nutrients are limiting
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Microbial biomass
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Increased crop rotation diversity

enhances microbial activity, aggregation, soil Cand N

High diversity (SWC1) Monoculture (Cm)

Aboveground diversity

interact to
2 increase soll
organic matter
and improve
fertility

(b)

Belowground diversity

“ soc ( soc ]
10.8+0.6 mg g 8,0t0.6 mgg!

( ™ 15:0.1mgg)

Lm 2.240.2 mg g )

Tiemann et al. 2015 Ecology Letters



Amino sugar (mg kg soil)

Lignin (ug g soil)

AAFC New Rotation Experiment (Swift Current)
continuous wheat vs. wheat-canola-wheat-pea
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PCO2 (16.7% of total variation)
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Soil microbiome —temporal changes
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Rhizosphere microbiome

« Differences between crops were more pronounced at anthesis

40+

PCO2 (14.5% of total variation)

-20-

N
o
1

o
|

Early vegetative

T
-20

T
0

T
20
PCO1 (32.7% of total variation)

T
40

1
60

PCO2 (11.4% of total variation)

20+

10+

-10

-20-

Anthesis

Crop
x ContWheat

/\ Wheat

Canola

X %
X
20 10 0 10 30 40

PCO1 (36% of total variation)




40+

N
o

PCO2 (14.7% of total variation)

-20-

o
|

A
x
X

Root microbiome (bacteria)

Differences in root microbiome can be see ca. 4 wks

after planting.
Continuous wheat vs. rotation wheat are similar
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Root Microbiomes:
continuous wheat vs. wheat-canola-wheat-pea
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Root-microbe-soll interactions

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

Phenome

Above ground

Below ground
100% W © Chiloroflexi

Host factors

Second genome

Fibrobacteres

£ 20% 7 B Root exudates

:g 50% 1 :c::s:(;::icrobia * Chemotactic

e 70% | o « Recognition

o Spirochaetes g

T 4 el * Planctomycetes » Colonization & Biofilm
= 50% ® Firmicutes formation

g 40% - " Gemmatimonadetes

"3 30% - ® Bacteroidetes

g 20% ~ ®Cyanobacteria

[T

" Acidobacteria

10% ® Actinobacteria

~ ®Proteobacteria
Arabidopsis Maize Rice

Lakshmanan et al. 2014. Functional soil microbiome: belowground solutions to an aboveground problem. Plant Physiol 166:689-700.



Plant-microbial interactions

Plant-based

Plant breading
Transgenic plants
Cultivar selection

Meta-organism-based
Co-enginesaring
Crop rotation

Microbiome-based

Application of microbial inoculants
Disruption of existing microbicme

Mon-optimized meta-organism

Optimized meta-organism

Enhanced M and P availability and highar kevals

of nuirients cycling
“: Endophytes Mycorhiza AMF - ECM Improved growth
PGPR Enhanced disease supressivensss
-, 5:- Ablotic strass Higher resistance to abiolic siress
= Pathogens g:{;; Microfauna Miche saturation

FIGURE 2 | Different approaches to rhizosphere microbiome engineering used to bring the microbiome from a low diversity and vulnerable state,
with limited functions and productivity to a diverse and resilient state with high functional redundancy and consistent functioning across variable
emvironments and increased resistance to pathogen invasion.

Quiza et al. 2015. Harnessing phytomicrobiome signalling for rhizosphere microbiome engineering. Front Plant Sci



Plant Pedological Phenotyping
S. Siciliano, B. Helgason
M. Arcand, J. Germida, E. Lamb, M. Links

Research Associate: S. Mamut (C. Norris)
Research Technicians: A. Schebel, M. Donkuru

PhD students: J. Bell, S. Willlams-Johnson, Z. Morales, Z. Taye
MSc students: F. Lalany, T. Dowhy

Summer research assistants

ﬁl Rc Ehad”ﬂﬁé‘é%"gtypi”g Designing Crops for Global Food Security

Research Centre
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Understanding the plant microbiome

How are plant microbiomes assembled?
- assess different genotypes (canola, wheat, lentil)

What are major microbiome disruptors?
- repeat across time and in different environments (GxE)

Beyond the solil: leaf and seed microbiomes

Bioinformatics — emerging approaches and tools for microbial
ecologists; collaboration with computer scientists

ﬁl Rc grlwadnltnﬁgenr:w(zgtypmg I Designing Crops for Global Food Security

Research Centre
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Plant Pedological Phenotyping
B. npus L. est association mapping (NAM) population

Seed Colou Seed Fibre

16 lines (n=3) b ..... ‘ =
- glucosinolate content

Seed Erucic (€22:1) Acid Seed Gluc

Low (<2%)
w Medium (2-20%)
llllllllllll

S. Vall, et al. AAFC Saskatoon
Sampled for 10 weeks

(June 14 — August 16, 2016)
(June 20 — August 22, 2017)

- black vs. yellow seeded

ﬁl Rc Egaé] frﬁQS%"Jyp'”g | Designing Crops for Global Food Security
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Plant PefdblogicaliPhenotypingm

Amplicon based surveys (16S rRNA and ITS genes)
— Who’s there and how do communities differ between lines and over time?

Metagenomic analysis
— Putative functional potential

Root exudation characterization
— Are there plant mechanistic controls?

Quiza et al. 2015 Front Plant Sci

ﬁl Rc ggadnltrﬁgs{;mogtypmg | Designing Crops for Global Food Security

Research Centre




Canola genotype microbiomes

Relative abundance (%)

Root
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Micrococcaceae
Others

undassified

Relative abundance (%)

Rhizosphere soll

9 10 11 12 13 14 15 16
Canolaline

Streptomycetaceas
Actinosynnemataceae
Sinobacteraceae
GChitnophagaceae
ElinG075
Moraxellaceae
Sphingobacteriaceae
Rhizobiaceae
Microbacteriaceae
Oxalobacteraceae
Bradyrhizobiaceae
Micromonosporaceae
Comamonadaceae
Hyphomicrobiaceae
Rhodospirilaceas
Sphingomonadaceae
Pseudomonadaceae
Enterobacteriaceae
Xanthomonadaceae
Micrococcaceae
Others

undlassified



Temporal changes in bacterial microbiomes

Explained variance by canola line (%)
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Temporal changes in bacterial microbiomes
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Plant-microbial interactions

Plant-based

Plant breading
Transgenic plants
Cultivar selection

Meta-organism-based
Co-enginesaring
Crop rotation

Microbiome-based
Microbiome disruption

Mon-optimized meta-organism Optimized meta-organism

Enhanced M and P availability and highar kevals

of nuirients cycling
“: Endophytes Mycorhiza AMF - ECM Improved growth
PGPR Enhanced disease supressivensss
-, 5:- Ablotic strass Higher resistance to abiolic siress
= Pathogens g:{;; Microfauna Miche saturation

FIGURE 2 | Different approaches to rhizosphere microbiome engineering used to bring the microbiome from a low diversity and vulnerable state,
with limited functions and productivity to a diverse and resilient state with high functional redundancy and consistent functioning across variable
emvironments and increased resistance to pathogen invasion.

Quiza et al. 2015. Harnessing phytomicrobiome signalling for rhizosphere microbiome engineering. Front Plant Sci



Microbiome disruptors: environmental conditions
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Microbiome disruptors: root phenotype

Root Length GAM

Root Biomass GAM
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Thank youl!

Dr. Bobbi Helgason
Soil Microbiologist
AAFC Saskatoon

bobbi.helgason@agr.gc.ca

Canola Innovation Day
December 7, 2017



In cooperation with Tourism Saskatoon and the Global Institute for Food Security, the
University of Saskatchewan is excited to announce that Saskatoon has been selected to
host Rhizosphere 5. This international conference takes place every 4 years to highlight
the latest advances in our understanding of the below ground world of plant roots and
their interactions with the environment.

“Shining light on the world beneath our feet”

Saskatoon, Saskatchewan, Canada
7 - 11 July 2019
www.rhizo5.org

Follow us on Facebook and Twitter
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