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Senate Report on Soil Health
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“Soil is as critical as the air we breathe and the water we drink. Soil health is human 
health is One Health.”

The Government of Canada should designate soil a strategic national asset

Critical Ground: Why Soil is Essential to Canada's Economic, Environmental, Human, and Social Health

https://sencanada.ca/en/info-page/parl-44-1/agfo-critical-ground/


National Soil Health Strategy in 

Canada
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Towards a National Soil Health 

Strategy in Canada
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The NSHS will be an industry-led framework and plan for collective action to maintain and 
enhance the soils in Canada, with an immediate view (by 2030) and for the longer term (by 
2050) . Elements of that framework will be: 
1. Articulation of the objectives the soil health strategy, including the selection of a definition 
of soil health for the purposes of the NSHS. 
2. Setting goals for soil health and identifying tools to assess soil health at different scales, in 
order to better monitor how the state of soil is progressing. 
3. Selection of priority actions that need to be taken to achieve the goals that are set. 
4. Identification of priority research and analysis to assist in effectively implementing those 
actions. 
5. Securing of resources, whether by individual stakeholders or collectively, to undertake both 
priority research and measurement and priority measures. 
6. Establishment of a strategy governance system to enable continuing commitment and 
collaboration on meeting the soil health targets. 
7. Creation of stakeholder engagement processes that permit the constant renewal of the 
NHSH and its implementation. 



Soil health or healthy soil?
• Soil health is how the soil works together 

(functions)

• Interplay of biological, chemical, and physical 

aspects

• A ‘healthy soil’ depends on what you want

• The soil health balancing act

• Building climate resilient agro-ecosystems

www.blinc.com



What is soil health?

6

Digging Into Canadian Soils https://openpress.usask.ca/soilscience/



Soil biology: Aporrectodea 

tuberculata
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Photo Credit: Dana Eliuk



Soil Microbiome
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Mehrdad Mohammadiani and Matt Bakker

13 phyla, dry year 16 phyla, wet year



Soil Physics
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Soil water infiltration: complex 

flow paths

Horizontal flow

Vertical flow• Path of least resistance

• Compaction decreases porosity and 

connectivity

• Reducing infiltration and aeration

• Avoid driving on wet soil

• Recuperation is slow Photo:Crittenden



Soil Chemistry
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Nitrate

Phosphorus (Olsen)

Potassium

Org. matter

Salts

pH

Soil texture

Farmers soil 

test for 

appropriate 

fertilizer 

application 

rates



Media Headlines

• Soil’s complexity must be understood 

(McCain, soil biodiversity, DNA barcoding)

• To manage your fields for optimum yields, 

start with soil health (“Decisive Farming by 

TELUS Agriculture agronomists review soil 

tests and develop specific 

recommendations”
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Lofty Claims

13

Healthy soils are high-performing, 

productive soils

Healthy soils reduce productions costs – 

and improve profits

Healthy soils protect natural resources 

on and off the farm
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Cornell Assessment of Soil 

Health
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Example soil health report



More questions than answers?

• Unsure how to interpret soil health 

indicators

• How to go from soil health data to 

management
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Our objectives

• Understand the utility of soil health 

indicators for producers

– Correlate soil health indicators to agronomic 

outcomes (i.e., crop yield, seed protein 

content, and seed oil content)

– How soil health indicators inter-relate with 

each other

17



Soil Health Index
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More is better Less is better Happy middle



Soil Health in SK
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Soil Health and Yield 

Don’t Always Match

Soil health did not 

increase corn yield

Roper, W.R., Osmond, D.L., Heitman, J.L., Wagger, M.G. and Reberg-Horton, S.C. (2017), Soil Health Indicators Do Not Differentiate among Agronomic Management 

Systems in North Carolina Soils. Soil Science Society of America Journal, 81: 828-843. https://doi.org/10.2136/sssaj2016.12.040



What components of soil health 

impact on agronomy?
• Two field experiments in MB

• Tillage experiment at Portage la Prairie

• Crop sequence experiment at Morden

• Which of 20 soil health indicators related 

to crop yield, seed protein, and seed oil?
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Tillage is still a question in MB

Grant and Flaten, 2019



Tillage systems
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Vertical
Cultivator

Deep

Raised beds subsoiled, rototilled, and then 

shaped 



Precip. outside normal

2490th percentile

Code from Dr. Alex Koiter



What did we measure?

• pH, soil organic matter, nitrate, 

ammonium, Olsen-P, K, S, CO2, texture, 

total C, CCE, TOC, POXC, ACE protein, 

water extractable (total N, ammonium, 

organic N, organic C)
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Tillage on crop yield

2020 2021 2022
CT DT RB VT CT DT RB VT CT DT RB VT

Canola 26 23 18 23 5 7 6 4 43 51 46 47

Corn 124 131 126 124 137b 167a 168a 143ab 166 141 158 150

Soybean 48 45 46 49 59a 51ab 47b 56ab 80 78 76 74
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Table 1: Crop yields (bu/ac) for conventional tillage (CT), deep tillage (DT), raised bed (RB), and vertical tillage (VT) at AAFC Portage la Prairie. Letters beside 
values indicate statistical significance between tillage systems within each crop and year

In a dry year, lower disturbance tillage gave a yield bump for soybean but not corn. 

Soil nitrate was most sensitive to tillage management and related to corn yield. 

Soybean yield related to soil S, K, Olsen P, and water extractable NH4 and OC.



Tillage on protein
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2020 2021 2022

CT DT RB VT CT DT RB VT CT DT RB VT

Ca 21.8ab 21.7ab 22.8a 21.4b 23.9a 23.3ab 22.9b 24.0a 21.8 21.6 21.7 21.3

Co 9.3 9.1 9.4 9.1 9.3 9.2 9.4 9.2 8.5 8.3 8.6 8.4

So 39.8a 39.9a 39.6ab 39.0b 38.5ab 38.8ab 39.3a 38.0b 38.0 37.9 37.9 37.8

Table 2: Seed protein levels (%) for conventional tillage (CT), deep tillage (DT), raised bed (RB), and vertical tillage (VT) at AAFC Portage la Prairie. 
Letters beside values indicate statistical significance between tillage systems within each crop and year.

In a wet year, protein was lower in vertical tillage for soybean and canola. Protein 

and oil most related to soil pH, SOC/SOM, CCE, ACE protein, and K.



Soil organic carbon
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Protein

Oil

2021 2022

Same pattern as POXC and 

ACE protein, Solvita CO2 no 

relation

2021 2022

Yield (bu/ac) 53 77

Protein (%) 39.6 37.9

Stephen Crittenden, Curtis Cavers, and Zisheng Xing. 2024. The effect of four tillage 

systems on agronomic properties and soil health indicators in southern Manitoba. 

Canadian Journal of Soil Science. 104(3): 273-282. https://doi.org/10.1139/cjss-2023-

0100

Soybean



Organic Carbon
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Aggregation and tillage
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Conclusions from tillage

• Tillage system effected soil nitrate more 

than other indicators

• Soil health indicators meant to describe 

soil C and N pools were not strongly 

positively associated

• Soil health indicators correlated with 

agronomic responses in soybean more 

than canola and corn
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https://cdnsciencepub.com/doi/pdf/10.1139/cjss-2023-0100



Soil Fertility and Crop Rotation 

Planning
• Crop rotation as a disease management 

tool

• Rotation effects on insects

• Crop rotation on soil moisture availability 

and nutrient supplies

• Integrated weed management (seeding 

rates, spacing, depth)

32

Saskatchewan.ca/crops
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Year 1

Tillage

1 2 3 4 5 6 7 8 9 10

Block 1 Block 2

Block 3 Block 4

11 12 1314 15 161718 1920

200

50 100

150
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In Yr 0 everything is wheat. In Yr 1 

crops were seeded west/east and 

tillage is north/south. Soil 

properties and agronomy (yield 

etc…) were sampled by plot (i.e., 

the 25 plots that were created in yr 

2) as per the little black numbers
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Year 2

Tillage

1 2 3 4 5 6 7 8 9 10

Block 1

11 12 1314 15 161718 1920

Block 2

Block 3 Block 4

200

50 100

150

51

In yr 2 crops were seeded north to south
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Yr 2 Crop Sequence combinations plus 
tillage 5 crops x 5 crops x 2 tillage systems 

by 4 blocks

1 2 3 4 5 6 7 8 9 10

Block 1

11 12 1314 15 161718 1920

Block 2

Block 3 Block 4
jlkj;lkj

200

50 100

150

51
In Yr 1 soil health can be 

compared but agronomic 

properties not.

In Yr 2, we should have repeated 

measures for the agronomy and 

soil. In Yr 2 the agronomic 

comparisons should be within 

each crop, 
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Code from Dr. Alex Koiter
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Preceding crop on yield

Crop in 
2022→ Alfalfa1 Canola Corn Soybean Wheat

Tillage→ Conv Zero*

Preceding 
crop ↓

Alfalfa 0.94 a 29b 72b 45 31 23b
Canola 0.60 bc 38a 93ab 41 38 36a
Corn 0.77 b 37a 75ab 40 43 33ab
Soybean 0.55 bc 39a 93ab 38 51 38a
Wheat 0.54 c 38a 97a 41 47 34ab
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Table 3. Preceding crop and tillage effects on crop yields at AAFC Morden. Letters beside values indicate statistical significance between preceding crop. 
Tillage was conventional (conv) or zero-till (zero).
*Soybean had significantly greater crop yield in zero-till (42%) compared to conventional (41%), but no effect of preceding crop.
1 ton/acre

Soybean bumped yield of canola and wheat compared to alfalfa. Yield 

related to SOM, P, CCE, and water extractable total N.



Preceding crop on protein

39

Crop in 
2022→ Canola Corn Soybean Wheat

Preceding 
crop ↓

Alfalfa 20.6ab 7.5 37.8ab 13.7ab

Canola 20.8ab 7.1 37.6a 13.7ab

Corn 20.3b 6.6 36.8b 13.2b

Soybean 21.4ab 6.8 37.1b 13.8ab

Wheat 21.9a 7.1 37.2ab 14.5a

Table 4. Preceding crop and tillage effects on seed protein at AAFC Morden. Letters beside values indicate statistical significance between preceding crop.*

No difference in protein of crop following soybean. 

Soil nitrate and CO2 related to soybean seed protein.



Conclusions from crop 

sequence
• Nitrate strongest with crop yield, then pH, 

P, and S, then ACE Protein, Solvita, 

POXC, and K

• Nitrate, SOC, ACE protein, Solvita 

strongest with seed protein, then SOM and 

pH

40



Take aways from experimental 

data on soil health
• The direction and magnitude of the 

interactions of soil health with crop 

agronomic properties is crop and weather 

dependent.

• Soil health scoring functions may not apply 

in all growing conditions and crops 

consistently from year to year

41



Active Carbon

“The active soil C measured by the new 
procedure was more sensitive to 
management effects than total organic C, 
and more closely related to biologically 
mediated soil properties, such as 
respiration, microbial biomass and 
aggregation, than several other measures 
of soil organic C”

42

Weil, R., Islam, K., Stine, M., Gruver, J., & Samson-Liebig, S. (2003). Estimating active carbon for soil quality assessment: A simplified method for laboratory and field use. American 

Journal of Alternative Agriculture, 18(1), 3-17. doi:10.1079/AJAA200228



Agronomic interpretation of 

active carbon
• Active carbon a factor influencing grain 

productivity

• Corn grain yield at 446 sites in Missouri

• 415 mg POXC kg-1, threshold for 

maximum grain productivity

• Neither ACE protein nor CO2 burst related 

to productivity

43
Svedin, J. D., Veum, K. S., Ransom, C. J., Kitchen, N. R., & Anderson, S. H. (2023). 

An identified agronomic interpretation for potassium permanganate oxidizable carbon. 

Soil Science Society of America Journal, 87, 291–308. 

https://doi.org/10.1002/saj2.20499



Active C in MB
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Active C (ppm)

Missouri threshold @ 

415 ppm

MB ~ 800 ppm



Active carbon in region
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https://www.agvise.com/active-carbon-poxc-what-does-it-measure/



Active C did not relate to crop 

yield

46



POXC v yield

47

Two positive and two negative of nine

Morden Research and Development 

Centre, AAFC



Revisiting Active C
• “POXC (Active C) does not 

measure the labile SOC pool the 

POXC assay was developed to 

quantify”

• Measures chemical lability not 

biological

• Recalcitrant material like lignin 

are oxidized

48Woodings, F. S., & Margenot, A. J. (2023). Revisiting the permanganate oxidizable carbon (POXC) assay assumptions: POXC is lignin sensitive. Agricultural & 
Environmental Letters, 8, e20108. https://doi.org/10.1002/ael2.20108

https://doi.org/10.1002/ael2.20108


Active Carbon vs. SOM

49

POXC is about 1% of SOM
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Is it worth it?

POXC $22.55 US / SOM (LOI) $4.45 US

Across both experiments, soil organic matter 

(SOM) significantly related to agronomic 

properties 15 times whereas POXC 13 

times. 

50
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Where is soil health?

This is all soil health. Additional 

indicators can be useful but 

probably shouldn’t replace NPKS, 

pH, EC, SOM.

For example, soil health 

indicators related to nitrogen fit 

into the stave of the barrel.



Remove major threats first
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Soil (health) evaluation begins by asking “What’s the problem with my soil?” | CSANR | Washington State University (wsu.edu)

https://csanr.wsu.edu/whats-the-problem-with-my-soil/


Why pay attention to soil 

health?
• To help you make decisions

– Benchmarking

• Track with time

• Shift in management

– Spatial variability

• Topography

• Salinity

• Potholes

53



Conclusion

• Soil test don’t guess

• Oldies are still goodies, use other soil tests 

for specific questions

54
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Thank you! 
For more information, please contact:

Stephen.Crittenden@agr.gc.ca
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Plant available water

56
Raised beds had significantly greater plant available water than vertical tillage


	Slide 1: Soil Health Indicators for Prairie Cropping Systems  Dr. Stephen Crittenden AGVISE Soil Fertility Seminar 11 & 13 March, 2025
	Slide 2
	Slide 3: National Soil Health Strategy in Canada
	Slide 4: Towards a National Soil Health Strategy in Canada
	Slide 5: Soil health or healthy soil?
	Slide 6: What is soil health?
	Slide 7: Soil biology: Aporrectodea tuberculata
	Slide 8: Soil Microbiome
	Slide 9: Soil Physics
	Slide 10: Soil water infiltration: complex flow paths
	Slide 11: Soil Chemistry
	Slide 12: Media Headlines
	Slide 13: Lofty Claims
	Slide 14
	Slide 15: Example soil health report
	Slide 16: More questions than answers?
	Slide 17: Our objectives
	Slide 18: Soil Health Index
	Slide 19: Soil Health in SK
	Slide 20: Soil Health and Yield  Don’t Always Match
	Slide 21: What components of soil health impact on agronomy?
	Slide 22: Tillage is still a question in MB
	Slide 23: Tillage systems
	Slide 24: Precip. outside normal
	Slide 25: What did we measure?
	Slide 26: Tillage on crop yield
	Slide 27: Tillage on protein
	Slide 28
	Slide 29: Organic Carbon
	Slide 30: Aggregation and tillage
	Slide 31: Conclusions from tillage
	Slide 32: Soil Fertility and Crop Rotation Planning
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38: Preceding crop on yield
	Slide 39: Preceding crop on protein
	Slide 40: Conclusions from crop sequence
	Slide 41: Take aways from experimental data on soil health
	Slide 42: Active Carbon
	Slide 43: Agronomic interpretation of active carbon
	Slide 44: Active C in MB
	Slide 45: Active carbon in region
	Slide 46: Active C did not relate to crop yield
	Slide 47: POXC v yield
	Slide 48: Revisiting Active C
	Slide 49: Active Carbon vs. SOM
	Slide 50
	Slide 51
	Slide 52: Remove major threats first
	Slide 53: Why pay attention to soil health?
	Slide 54: Conclusion
	Slide 55
	Slide 56: Plant available water

