
Soil-Building Crops:
AIM Research Update
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https://www.flickr.com/photos/87743206@N04/8053614949/in/dateposted/
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Living Labs: Soil Building Crops
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What did we find?
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MacAulay Farms:  Mustard/Radish
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MacAulay Farms:  Mustard/Radish
•

•
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Spring 2019 Spring 2020

Measurement Radish Timothy/Clover
Brown 

Mustard
Radish Timothy/Clover

Brown 

Mustard

RLN (#/kg soil) 4177 1197 1167 5866 3526 5841

Vd (Cells/g soil) 7890 4997 2782 2745 4065 4396



MacAulay Farms:  Mustard/Radish

Treatment

Total 

Yield 

(cwt/ac)

Total 

Defects 

(%)

% Smalls
Over 10 

oz (%)

Specific 

Gravity

Marketable 

Yield 

(cwt/ac)

Crop 

Value

($/Acre)

Check (Timothy/Clover) 289.9 3.6 10.1 8.6 a 1.084 a 250.7 2955

Radish 300.2 3.6 12.3 1.5 b 1.087 b 253.7 3023

Difference +10.3 0.0 +2.2 -7.1 +0.0031 +3.0 +68

Check (Timothy/Clover) 289.9 a 3.6 10.1 8.6 1.083 250.7 b 2955 a

Brown Mustard 326.1 b 3.7 9.8 8.1 1.084 282.6 a 3349 b

Difference +36.2 +0.1 -0.3 -0.5 +0.001 +31.9 +394



MacAulay Farms:  Mustard/Radish
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Oyster Cove:  Effect of Compost
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Oyster Cove:  Effect of Compost

Spring 2019 Spring 2020

Measurement Composite
Ryegrass

No Compost

Ryegrass

Compost

Soil Organic Matter (%) 3 3.1 3.4

pH (pH units) 6.1 6 6

P (ppm) 265 243 M+ 323 H

K (ppm) 146 99 M 145 M+



Oyster Cove:  Effect of Compost
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Oyster Cove:  Effect of Compost

Treatment

Total 

Yield 

(cwt/ac)

Total 

Defects 

(%)

% 

Smalls

Over 10 

oz (%)

Specific 

Gravity

Marketable 

Yield 

(cwt/ac)

Crop 

Value

($/Acre)

Check 

(RyeNoC)
207.4 a 2.4 6.9 3.3 a 1.092 a 188.4 a 2401 a

Rye(C) 255.8 b 1.8 7.6 0.0 b 1.088 b 232.2 b 2960 b

Difference +48.4 -0.6 0.7 -3.3 -0.004 +43.8 +559

Check 

(RyeNoC)
207.4 a 2.4 6.9 3.3 a 1.092 a 188.4 a 2401 a

SS/PM/P (C) 262.2 b 1.8 7.1 0 b 1.087 b 238.9 b 2967 b

Difference +54.8 -0.6 +0.2 -3.3 -0.005 +50.5 +566



Oyster Cove:  Effect of Compost
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Victoria Potato:  Mustard Mixes

Treatment
Total Yield 

(cwt/ac)

Total 

Defects 

(%)

% Smalls
Over 10 

oz (%)

Specific 

Gravity

Marketable 

Yield 

(cwt/ac)

Crop 

Value

($/Acre)

Check (Mustard) 320.1 a 0.7 b 10.6 5 1.0908 285.7 a 3608 a

Mustard- Radish 360.4 b 3 a 10.1 10.9 1.0929 318.9 b 4067 b

Difference +40.3 2.3 -0.5 +5.9 +0.002 +33.2 +459

Check (Mustard) 320.1 0.7 10.6 a 5 a 1.0908 285.7 3608

Mustard-Sorghum 336.5 2.5 8.6 b 14.5 b 1.0937 302.4 3890

Difference +16.4 +1.8 -2.0 +9.5 +0.003 +16.7 +282

Check (Mustard) 320.1 0.7 10.6 5 1.0908 285.7 3608

Multi-Species Mix 313.2 2.1 11.6 7.5 1.0922 272.3 3481

Difference -6.9 +1.4 +1.0 +2.5 +0.001 -13.4 -127



Victoria Potato:  Mustard Mixes
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Evaluating the effects of manure and 
summer cover crops on subsequent 

potato crop
Nyiraneza and collaborators

AIM local workshop, February 9-10, 2021, Emerald Community 
Centre, Mill River Resort, Saint Peters Complex



Collaborators

• Tandra Fraser, Bourlaye Fofana, Dahu Chen, Louis-

Pierre Comeau, Andrew McKenzie-Gopsill, Rick Peters, 

Noronha Christine, Yefang Jiang, Chris Kirby and 

Mohammad Khakbazan 

• PEI Potato Board

• Technical support: 

 Danielle Murnaghan 

 Gregory Dorothy

 Irene Power

 Barb Enman 



Role of manure in potato-based systems

• Amount of residues returned is minimal

• Increased soil compaction (heavy machinery and 
frequent traffic) 

• Maintaining and improving soil quality is challenging

• REVITALIZE THE SOIL WITH MANURE OR COMPOST:

 Short-term yield benefits 

 Long-term soil building benefits (improved water 
holding capacity, improved soil structure and the soil 
buffering capacity) 

 Applying manure on cover crops grown before potato 
help to minimize manure-associated soil-borne disease



Role of cover crops in potato-based systems

• Benefits on soil health (i.e break the disease 
cycle)

• Legumes cover crops can decrease our reliance 
to N fertilizer if their N release is synchronized 
with subsequent crop N demand

• Grasses can mitigate soil erosion (germinate 
and cover the ground quickly), scavenge residual 
soil nitrate 

• Mixing grasses with legumes ?



Benefits of mixing legumes and grasses

• Superficial fine roots of grasses mitigate shallow 
soil compaction

• Tap-rooted legumes reduce deep soil  
compaction

• Increase nutrient cycling (difference in root 
architecture and growth pattern)

• Grasses stimulate N fixation by legumes and 
legumes stimulate N uptake by grasses

• Modified C to N ratio, modified decay rate, 
better synchrony of soil N released and crop N 
requirement, less nitrate leaching



Objectives

• To assess a broad range of cover crops 
(grasses, legumes and a mixture of legumes 
and grasses) with and without pen pack cow 
manure (20 tons/ha)

• 2 acre field with 4 replicates of each 
treatment



Cover crops with and without pen pack cow manure

Alfalfa/Orchardgrass mix 17 kg/ha 17-17-17 @ 200 lbs/ac

Sorghum Sudan Grass 34 kg/ha 17-17-17 @ 400 lbs/ac

Red Clover 22 kg/ha

Ryegrass 3 kg/ha 17-17-17 @ 200 lbs/ac
Common Vetch 35 kg/ha
Crimson clover 12 kg/ha

Forage Pearl Millet (CFPM 101) 34 kg/ha 17-17-17 @ 400 lbs/ac

Sorghum Sudan Grass 19 kg/ha 17-17-17  @  200 lbs/ac
VR Alfalfa 5.6 kg/ha

Winter Rye 125 kg/ha 17-17-17 @ 200 lbs/ac
Hairy Vetch 40 kg/ha

Forage Sorghum (CHSH30) followed by brown-mustard 36 kg/ha 17-17-17 @ 400 lbs/ac

 Plots tilled and rolled before planting cover crops and rolled again after planting. Manure (20 t/ha) applied 5 weeks before planting 
cover crops. No fertilizer in plot receiving manure. Seeded on June 8th, 2017.

 Two cuts for all cover crops and 3 cuts for red clover. 1st cut 6 weeks after seeding, second cut October 2. 
 Fall plowing for all plots



Diversified cover crops with and without manure

Alfalfa/orchardgrass
Sorghum 

Sudan grass

Rye-grass common 

vetch/crimson clover

Forage pearl millet 

(CFPM101)

Sorghum 

sudangrass/VR 

alfalfa alfalfa

Winter rye-hairy 

vetch

2017: cover crops
2018: potato



ANALYZED PARAMETERS

• Cover crop biomasses, total C and N accumulations

• Soil nitrate in fall following cover crop 
incorporation

• Soil nitrate during potato growth (monthly soil 
sampling (0-15 cm; 15-30 cm depth)

• Potato yield 

• Soil properties

• Soil N supply using a plant bioassay approach 
[(total N accumulation in potato (vine+tuber) under 
the plot without N fertilizer)]



Cover crop dry matter biomasses
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 Forage pearl millet, higher dry matter biomass
 Comparable biomass (red clover, ryegrass-common vetch-crimson clover, sorghum 

sudangrass)



Total carbon accumulated in cover crops
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 Similar trend as for dry matter biomass, higher C accumulation with forage pearl millet



Total N accumulated in cover crops
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 Higher N accumulated with red clover



Soil nitrate in fall after cover crop incorporation (0-
15 cm)
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 Higher values with red clover, lower values with alfalfa/orchardgrass mixture



Soil nitrate in fall after cover crop incorporation 
(15-30 cm)
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 Higher values with red clover and lower values with alfalfa/orchardgrass mixture



Indirect estimation of soil N supply

Manure increased soil N supply capacity. Values ranged from 38 to 66 kg N/ha without 
manure and from 54 to 81 kg N /ha with manure



Total potato yield

 Significant effect of manure and cover crops
 Significant effect of manure and cover crops. Higher total yields with forage pearl millet 

and forage sorghum but comparable with alfalfa-orchardgrass, sorghum sudangrass, and 
winter rye hairy vetch. 
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Manure effects on total yield

 Consistent higher total yields with manure applications. 19 to 35% yield increases.



Marketable yield

 Higher marketable yields with forage pearl millet, forage sorghum, sorghum sudan grass, 
alfalfa/orchardgrass
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Effects on SOM

 No significant effects of cover crops or manure on SOM
 Trends towards higher nominal values with manure



Soil respiration (CO2 after 24h of soil incubation)

 No differences between cover crops but significant higher values with manure application



Conclusions

• Manure increased potato yield and soil N 
supply capacity

• There were trends toward increased CO2 

release and SOM with manure application

• Pearl millet and sorghum sudan grass were 
associated with higher marketable yields and 
lower soil nitrate than red clover

• Higher total N accumulated in red clover was 
associated with higher soil nitrate in fall but 
was not translated in increased yield



Conclusions (continued)

• Total N accumulation in red clover and soil 
nitrate in fall was higher than treatments 
where grasses and legumes were mixed

• Cover crops returning high residues and 
manure, effective means to boost potato 
yield



What is next?)
Study continues  under the living laboratory initiative (3 yr rotation)

2019 2020 2021

Alfalfa/orhardgrass Forage regrowth Potato

Barley underseeded with ryegrass Forage pearl millet Potato

Barley underseeded with ryegrass Forage sorghum Potato

Barley underseeded with red clover Red clover Potato

Ryegrass/common vetch/crimson clover Forage regrowth Potato

Barley underseeded with ryegrass Sorghum sudan grass Potato

Sorghum sudan grass/ VR alfalfa Forage regrowth Potato

Winter rye/hairy vetch Forage regrowth Potato

Additional parameters: soil microbial diversity, scab incidence, early dying 

complex, weed pressure, net revenue



Thank you for your attention

judith.nyiraneza@canada.ca



So…what should I be planting?

•

•

•

•



Additional Resources
•

•

•

https://peipotatoagronomy.com/wp-content/uploads/2020/01/R-Barrett-Choosing-Rotation-Crops-Jan20.pdf
https://peipotatoagronomy.com/wp-content/uploads/2020/12/Rotation-Crop-Table-Dec20.pdf
http://peipotatoagronomy.com/wp-content/uploads/2017/10/SoilHealthTools_Barrett_Feb17.pdf


Additional Resources
•

decision-tool.
incovercrops.ca

http://decision-tool.incovercrops.ca/


Additional 
Resources
•

https://www.princeedwardisland.ca/en/information/agriculture-and-land/pei-soil-health-test-how-interpret-your-results


Potato Early Dying
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•
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Potato Early Dying
•

•





CanPEDNet Survey:  Fall 2019





2020 Follow up in 8 fields
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PED – Legume Trial
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PED – Legume Trial
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Above:  Birdsfoot Trefoil/Festolium



AIM Biofumigation Trial
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AIM Biofumigation Trial



AIM Biofumigation Trial
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ECODA Mustard Trial
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Thank You!



Operation Pollinator

2021 On-farm Program in Prince Edward 

Island with the PEI Potato Board

Creating multifunctional landscapes on farms across Canada 



About Operation Pollinator

Focused on creating natural habitats for 

bees and other pollinating insects, 

Operation Pollinator offers a practical and 

meaningful way to increase and improve 

biodiversity on the farm.

Successful implementation

More than 8 million hectares of farmland in 

41 countries worldwide have benefited from 

enhanced biodiversity through Operation 

Pollinator and The Good Growth Plan 

commitment to “help biodiversity flourish” 

(as of end of 2019). 



Benefits of Operation Pollinator

• Farms provide great potential to create 

essential habitat and food sources for a 

range of native bees and pollinating 

insects. 

• Independent research trials have shown 

creation of even small areas of dedicated 

habitat can significantly increase the 

numbers of pollinating insects.

• The Operation Pollinator seed mix provides 

a succession of flowering plants to deliver a 

continuous source of pollen and nectar for 

pollinators.



2021 PEI Potato Board Program

• Interested producers agree to convert 

one-to-two acres of lower-productivity 

land to establish a dedicated Operation 

Pollinator site. 

• Enrolled participants receive a provision 

of high-quality, commercial seed, 

agronomic advice, and assistance to 

help offset site establishment costs. 

• Participants will inform the PEI Potato 

Board once planting is complete to 

allow for tracking of planting date and to 

arrange for a site visit.



What’s in the mix?

*Yellow and/or white sweet clover

*



How to register

For more information on the 2021 Operation 

Pollinator program in Prince Edward Island or 

if you are interested in enrolling in the 

program, please contact Ryan Barrett at

the PEI Potato Board.

Register Now

https://response.syngenta.ca/Operation_Pollinator_Order_Form

