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Green manures for organic 
production: A Prairie-centric 
literature review with broad 
outcomes



What is a Green Manure?

A crop that is planted to 
improve soil fertility, 

without intent to harvest 
a product

Legumes

Important source of nitrogen for organic producers



What is a Green Manure?
And, Why are They Important?

Important source of nitrogen for organic producers



“A lack of acceptance of green manuring in 
the organic farming community suggests 
that either the extension of these ideas is 
insufficient or that there remain difficulties in 
practical application… these become 
increasingly important when justifying the 
time, effort and costs of green manuring.”
- Enviro-Scan



Economic cost
Soil moisture
Weed pressure
Seed cost, availability
Inoculant availability
Equipment needs

Barriers to Green Manure Uptake



Purpose of the Review



• Research conducted over the last 35 years on 
the Canadian Prairies and adjacent US 
Northern Great Plains

• 56 Prairie-region studies were included in the 
review

• Included both organic and non-organic studies
• Coincided with surveys of informational needs

Scope of the Review



Regional variation
• Species/variety choice
• Tailored management
Overcome barriers to uptake
• Document benefits
• Provide management options

Overarching Topics



Regional Variation



Regional Variation

From POGI EnviroScan

Research Locations
University of Manitoba
University of Alberta
University of Sask
AAFC Brandon
AAFC Scott
AAFC Swift Current
AAFC Melfort
AAFC Lethbridge
AAFC Lacombe



Regional Variation: Species Choice

** **

****

** ** ** **

**** **

** ****

Badaruddin & Meyer 1989, 1990
Biederbeck et al. 2005, 1998, 

1996, 1993
Biederbeck & Bouman 1994
Blackshaw et al. 2001, 2010
Bowren et al. 1969
Brandt 1996
Bullied et al. 2002
Campbell et al. 1991, 1993
Cicek et al. 2014, 2015
Foster 1990
Halde & Entz 2014
Halde et al. 2014
Hoyt & Leitch 1983
Kelner & Vessey 1995
Kröbel et al. 2014
Lawley & Shirtliffe 2004
McCartney & Fraser 2010
Miller et al. 2011
Moyer et al. 2007
O’Donovan et al. 2014
Rice et al. 1993
Rick et al. 2011
Shirtliffe & Johnson 2012
Thiessen Martens et al. 2005
Townley-Smith et al. 1993
Vaisman et al. 2014
Zentner et al. 1996, 2004



Regional variation
• Species/variety choice
• Tailored management
Overcome barriers to uptake
• Document benefits
• Provide management options

Overarching Topics



• Terminate early in dry areas
• Feasibility of relay crops in warmer, wetter 

areas
• Perennials or grazing termination in 

livestock production areas

Regional Variation – Management

Foster 1990
Miller et al. 2011
Pikul et at. 1997
Thiessen Martens et al. 2001
Woodley et al. 2014
Zentner et al. 1996, 2004



Regional variation
• Species/variety choice
• Tailored management
Overcome barriers to uptake
• Document benefits
• Provide management options

Overarching Topics



Soil fertility

Green Manure Benefits

Green 
Manure Soil health

Weed & pest 
management

Biodiversity



Soil fertility

Green Manure Benefits: Soil Fertility

Green 
Manure Soil health

Weed & pest 
management

Biodiversity

Soil fertilityBaddarudin & Meyer 1989, 1990
Biederbeck et al. 1993, 1996
Biederbeck et al. 1996
Blackshaw et al. 2001, 2010
Bowren et al. 1969
Brandt 1996
Bullied et al. 2002
Campbell et al. 1991, 1993, 2006
Cicek et al. 2014, 2015
Foster 1990
Halde et al. 2014
Hoyt & Leitch 1983
Kelner & Vessey 1995
Kröbel et al., 2014
McCartney & Fraser 2010
Miller et al. 2008, 2011
Moyer et al. 2007
O’Donovan et al. 2014
Pikul et al. 1997
Rice et al. 1993
Townley-Smith et al. 1993
Woodley et al. 2010
Zentner et al. 1996, 2004, 2006

Biomass
Species variation
Management



Green Manure Benefits: Soil Fertility

Green 
Manure

Soil fertility

Soil health

Weed & pest 
management

Biodiversity

Soil fertility Yield
Baddarudin & Meyer 1989, 1990
Blackshaw et al. 2001, 2010
Brandt 1996
Bullied et al. 2002
Campbell et al. 1993
Cicek et al. 2014
Halde et al. 2014
Hoyt & Leitch 1983
Kelner & Vessey 1995
Kröbel et al., 2014
Miller et al. 2011
Moyer et al. 2007
O’Donovan et al. 2014
Pikul et al. 1997
Rice et al. 1993
Rick et al. 2011
Shirtliffe & Johnson 2012
Thiessen Martens et al. 2001
Woodley et al. 2010
Zentner et al. 1996, 2004, 2006



Green Manure Benefits: Soil Health

Green 
Manure

Soil fertility

Soil health

Weed & pest 
management

Biodiversity

Soil fertility

Soil health
Biederbeck et al. 1998, 2005
Biederbeck at el., 1998
Lupwayi et al., 1998
Lynch, 2014
Mahli et al. 2009
Miller et al, 2008

Soil biology
Active organic matter
Soil resilience



Green Manure Benefits: Weeds/Pests

Green 
Manure

Soil fertility

Soil health

Weed & pest 
management

Biodiversity

Soil fertility

Soil health

Weed & pest 
management

Biederbeck et al. 1993
Biederbeck & Bouman 1994
Blackshaw et al. 2010
Cicek et al. 2014, 2015
Halde et al. 2014
Lawley & Shirtliffe 2004
Miller et al. 2011
Moyer et al. 2007
Shirtliffe & Johnson 2012
Vaisman et al. 2014

Disrupt cycles
Allelopathy
Competitiveness



Green Manure Benefits: Biodiversity

Green 
Manure

Soil fertility

Soil health

Weed & pest 
management

Biodiversity

Soil fertility

Soil health

Weed & pest 
management

Biodiversity

Support of beneficials
Diversification of rotations



Regional variation
• Species/variety choice
• Tailored management
Overcome barriers to uptake
• Document benefits
• Provide management options

Overarching Topics



• Often a balance between nitrogen 
supply and moisture conservation

Green Manure Management



Green Manure Management
Rotation 
Design

Blackshaw et al. 2010
Campbell et al. 1991
Carr et al. 2013
Cicek et al. 2014, 2015
Entz et al. 2002
Halde & Entz 2014
Hoyt & Leitch 1983
Halde et al. 2014
Izaurralde et al. 1992
Shirtliffe & Johnson 2012
Thiessen Martens & Entz 2001, 

2011
Thiessen Martens et al. 2001, 

2005
Vaisman et al. 2011, 2014



Green Manure Management
Green Manure 

Choice
Rotation 
Design



Green Manure Management
Green Manure 

Choice

Plant a 
Good 
Crop

Rotation 
Design

Lawley and Shirtliffe 2004



Green Manure Management
Green Manure 

Choice

Plant a 
Good 
Crop

Inoculate

Rotation 
Design

Biederbeck et al. 1993



Green Manure Management
Green Manure 

Choice

Plant a 
Good 
Crop

Inoculate

Weeds & 
Pests

Rotation 
Design



Green Manure Management
Green Manure 
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Green Manure Management
Green Manure 

Choice

Plant a 
Good 
Crop

Inoculate

Weeds & 
Pests

Care

Terminate

Rotation 
Design

Blackshaw et al. 2010
Carr et al. 2013
Cicek et al. 2014, 2015
Foster 1990
Halde et al. 2014
Halde & Entz 2014
Shirtliffe & Johnson 2012
Thiessen Martens & Entz 2011
Vaisman et al. 2011, 2014



• Nitrogen supplying ability often reflects 
biomass production

• Species selection
• Management

• Consider other factors, whole system
• Moisture availability for the Prairies

• Importance of getting the information into the 
hands of farmers

Summing it Up



Prairie Organic Grain Initiative
Derek Lynch

Thank you



Questions?



Regional Variation: Species Choice
Badaruddin & Meyer 1989, 1990
Biederbeck et al. 2005, 1998, 

1996, 1993
Biederbeck & Bouman 1994
Blackshaw et al. 2001, 2010
Bowren et al. 1969
Brandt 1996
Bullied et al. 2002
Campbell et al. 1991, 1993
Cicek et al. 2014, 2015
Foster 1990
Halde & Entz 2014
Halde et al. 2014
Hoyt & Leitch 1983
Kelner & Vessey 1995
Kröbel et al. 2014
Lawley & Shirtliffe 2004
McCartney & Fraser 2010
Miller et al. 2011
Moyer et al. 2007
O’Donovan et al. 2014
Rice et al. 1993
Rick et al. 2011
Shirtliffe & Johnson 2012
Thiessen Martens et al. 2005
Townley-Smith et al. 1993
Vaisman et al. 2014
Zentner et al. 1996, 2004


