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Agronomist Training Learning Format

Day 1: Designing cropping systems with a focus on nutrient management

Day 2: Crop establishment and seeding systems, tillage, and weed control

Day 3: Pest management with focus on diseases, insects (and weeds)

Day 4: Soil management for organic production: Putting theory into practice

Day 5: The questions raised on days 1-4 will all be answered. A written answer will be
provided for each question. Participants can raise additional questions in the 
discussion period.



Krause, H.M., Stehle, 
B., Mayer, J., Mayer, 
M., Steffens, M., 
Mäder, P. and 
Fliessbach, A., 2022. 
Biological soil quality 
and soil organic 
carbon change in 
biodynamic, organic, 
and conventional 
farming systems after 
42 years. Agronomy 
for Sustainable 
Development, 42(6), 
pp.1-14.

Question:   What is better, fresh manure or composted manure?
My answer:   From P perspective, no difference. From information below, 
composting manure resulted in more soil organic matter – after less than 
10 years

Compare 
red (fresh 
manure) 
and green 
(composted) 
lines



Let’s get started: Crop/plant options for 
organic production

• Legumes
– Required to add N

• Cereals
• Oilseeds
• Other grains 

– eg., buckwheat

• Forages
– Perennial
– Annual

• Cover crops
• Flower/pollinator strips
• Shelterbelt trees



Spring wheat



Hemp Oats

Fall rye

Peas



Flax



Legumes – critical to supply nitrogen

Dry - Chickling vetch (AC Greenfix) 

Hot – Soybean/sorghum sudan

Wet - Fababean



Sweet clover green manure

Red clover green manure



Traditional row crops in organic production in Quebec



Small grains in Ontario organic corn-soy system



Crop/plant options for organic production

• Legumes
• Required to add N

• Cereals

• Oilseeds

• Other grains 
• eg., buckwheat

• Forages
• Perennial
• Annual

• Cover crops

• Flower/pollinator strips

• Shelterbelt trees



SE 
Saskatchewan

Alberta Manitoba PEI Ontario Quebec

Alfalfa seed 3 
years

Green manure 
(cereal/pulse)

Green manure 
(grazed)

Red clover 
green 
manure

3 years 
legume/grass 
forage

Soybean

Hemp Fall rye Wheat or flax Spring wheat Winter canola Winter 
wheat/pea or 
clover cover 
crop

Flax 
(underseeded to 
alfalfa)

Food grade 
pea/oat 
intercrop

Lentil or pea Soybeans Spelt Corn (ryegrass 
cover crop 
interseeded)

or Green manure 
(cereal/pulse)

Alfalfa hay (2 
years

Pea/barley 
intercrop

Soybean 

Green manure 
(year 1)

Spring wheat Wheat or flax Oats 
underseeded
to red clover

Oat/pea grain

Spring wheat 
(year 2)

Pea/barley 
intercrop 
(feed)

Oats 

Two different 
rotations depend 
on soils

Green manure 
every 3rd year

High diversity. 
Livestock 
integration

Diversity of  
legume 
species

Winter and 
spring seeded 
grains

Manure used to 
supply some N



Organic Crop Yields 



Rotations must consider nutrient budgeting

Manitoba (kg/ha) Australia (mg/kg)

Organic Conv’l Organic Conv’l

Nitrogen 92.5 70

Phosphorous 15.5 30 14.2 27.2

Potassium
(Australia - meq/kg)

654 700 1.58 1.69

Sulfur 101 60 16.4 26.9

Copper 0.70 0.57

Zinc 0.85 0.56

Iron 14 15

Entz, M.H., Guilford, R. and Gulden, R., 2001. Crop yield and soil 
nutrient status on 14 organic farms in the eastern portion of the northern 
Great Plains. Canadian Journal of Plant Science, 81(2), pp.351-354.



N Budgets for Organic Rotations

Nitrogen 
Supply - Nitrogen 

Demand = Nitrogen 
Balance



Annual green manures 
and legume cover crops

Cropping system Amount of N contributed

Perennial alfalfa

2.5% of above ground 
dry matter is fixed N

130 lb/acre if hay stand 
2 years or longer

Grain legume

Grain
Legume

N addition to following crop

Pea, lentil, 
fababean

10-15 kg N/1000 kg of seed harvested

Chickpea 3 kg N/1000 kg of seed harvested

Dry bean 1 kg N/1000 kg of seed harvested

Soybean 1  kg N/1000 kg of seed harvested

Rough N contributions from legumes



Full season legume green manure

Rule of thumb
4000 lb/acre @ 2.5% N = 100 lb/ac
60% available in first year = 60 lb/acre
40% available in second year = 40 lb/ac



Crop N P205 K20 S
Crop nutrient removal (lb/bushel)

Wheat 10% protein 1.2 0.5 0.35 0.1

12% 1.5 0.5 0.35 0.1
14% 1.9 0.5 0.35 0.1

Barley 1.1 0.36 0.35 0.07
Oat .96 0.25 0.18 0.06
Corn 0.75 0.37 0.27
Pea 2.3 0.7 0.7 0.14
Flax 2.12 0.6 0.6 0.2
Sunflower (lb/lb) 0.026 0.008 0.006 0.002

Alfalfa (lb/ton) 56 15 60 5
Bromegrass 
(lb/t)

36 13 59 3

Crop demand



Crop nutrient removal: Wheat grain example 

30 bushels per acre x *1.9 lb N/bu = 57 lb N removed

48 bushels per acre x **1.5 lbN/bu = 72 lb N removed

*14% protein
**12% protein



Grain crops with 
green manures

Green manure – wheat - flax



Crop N P K S

Nutrient balance (lb/ac)

Green manure
pea, lentil or c. vetch

4000 lb/ac @2.5% N

+100

Wheat  (30 bu/ac) -57

Flax    (14 bu/ac) -30

Long-term balance +13



Green manure-wheat-flax-oat



Crop N P K S
Nutrient balance (lb/ac)

Green manure
pea, lentil or c. vetch

4000 lb/ac @2.5% N

+100

Wheat  (30 bu/ac) -57

Flax    (14 bu/ac) -30

Oat (50 bu/ac) -48

Long-term balance -35



SE 
Saskatchewan

Alberta Manitoba PEI Ontario Quebec

Alfalfa seed 3 
years

Green manure 
(cereal/pulse)

Green manure 
(grazed)

Red clover 
green 
manure

3 years 
legume/grass 
forage

Soybean

Hemp Fall rye Wheat or flax Spring wheat Winter canola Winter 
wheat/pea or 
clover cover 
crop

Flax 
(underseeded to 
alfalfa)

Food grade 
pea/oat 
intercrop

Lentil or pea Soybeans Spelt Corn (ryegrass 
cover crop 
interseeded)

or Green manure 
(cereal/pulse)

Alfalfa hay (2 
years

Pea/barley 
intercrop

Soybean 

Green manure 
(year 1)

Spring wheat Wheat or flax Oats 
underseeded
to red clover

Oat/pea grain

Spring wheat 
(year 2)

Pea/barley 
intercrop 
(feed)

Oats 

Two different 
rotations depend 
on soils

Green manure 
every 3rd year

High diversity. 
Livestock 
integration

Diversity of  
legume 
species

Winter and 
spring seeded 
grains

Manure used to 
supply some N



Crop N P K S
Nutrient balance (lb/ac)

Green manure
pea, lentil or c. vetch

4000 lb/ac @2.5% N

+100

Wheat  (30 bu/ac) -57

Flax    (14 bu/ac) -30

Oat (50 bu/ac) -48

Long-term balance -35

N deficit filled from 
soil organic matter



Green manure – wheat – pulse - cereal



Annual green manures 
and legume cover crops

Cropping system Amount of N contributed

Perennial alfalfa

2.5% of above ground 
dry matter is fixed N

130 lb/acre if hay stand 
2 years or longer

Grain legume

Grain
Legume

N addition to following crop

Pea, lentil, 
fababean

10-15 kg N/1000 kg of seed harvested

Chickpea 3 kg N/1000 kg of seed harvested

Dry bean 1 kg N/1000 kg of seed harvested

Soybean 1  kg N/1000 kg of seed harvested

Rough N contributions from legumes



Crop N P K S

Nutrient balance (lb/ac)

Green manure
pea, lentil or c. vetch

4000 lb/ac @2.5% N

+100

Wheat  (30 bu/ac) -57

Soybean (30 bu/ac) *+3

Oat (50 bu/ac) -48

Long-term balance -2

*Manitoba. N contribution in Eastern Canada likely higher



Crop N P K S
Nutrient balance (lb/ac)

Green manure
pea, lentil or c. vetch

4000 lb/ac @2.5% N

+100

Wheat  (30 bu/ac) -57

Peas (30 bu/ac) +20

Oat (50 bu/ac) -48

Long-term balance +20

Surplus N 
added to soil 
organic matterBecause soil has a C:N ratio of 

about 10, increases in soil N 
allow for increases in soil C.



Wheat after flax - 0 N Wheat after pea - 0 N

Example of N benefit of a pea grain crop…



Pulse crop researcher, Kristen McMillan, (presenter) has demonstrated that certain 
edible dry bean varieties do not require any supplemental N fertilizer.  This is a “Game 
changer” for organic dry bean production.



Plant biomass production 
was highly variable, ranging
from 1736 to 11 744 kg/ha, 
with a mean of 4572 kg/ha.

Weed proportion in 
total biomass averaged 
18%

Estimates of N fixation 
ranged from near zero to 
over 300 kg N/ha, with a 
mean and median of 71 
and 47 kg N/ ha, 
respectively Can. J. Plant Sci. 99: 772–776 (2019)

Reality check: 
What are farmers 
experiencing?



Drilling cover crops immediately after cereals cut (Germany, 1930’s)

What about late season cover crops?
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Cicek, H., et al  2014. Productivity and nitrogen benefits of late-season legume cover crops in organic 
wheat production. Canadian Journal of Plant Science, 94(4), pp.771-783.
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Increase in soil N at wheat seeding the year after legume cover (kg/ha)

Cicek, H., et al  2014. Productivity and nitrogen benefits of late-season legume cover crops in organic 
wheat production. Canadian Journal of Plant Science, 94(4), pp.771-783.

Pea 520 kg/ha

Red clover 850 kg/ha

Red clover 3696 kg/ha

Red clover 2109 kg/ha

Pea 978 kg/ha

Pea 160 kg/ha

Sweet clover 
1430 kg/ha

Sweet clover 1259 kg/ha

Sweet clover 460 kg/ha

Pea 850 kg/ha

How much N do late-season legume 
cover crops contribute?

1000 lb/acre dry matter growth = 
7 bu/ace wheat yield increase



Managing the N Supply

Nitrogen 
Supply - Nitrogen 

Demand = Nitrogen 
Balance



Terminating green manures
-starts the N mineralization process in soil



file:///C:/Users/mentz/Downloads/Nutrient-Management-in-Organic-Systems-Western-States-Implementation-Guide.pdf



How does termination method affect:

- N release

- Weeds

Conventional tillage
Wide bladeBlade roller

Flail mower



Vaisman, I., Entz, M.H., Flaten, D.N. and Gulden, R.H., 2011. Blade 
roller–green manure interactions on nitrogen dynamics, weeds, and 
organic wheat. Agronomy Journal, 103:879-889.

Podolsky, K., Blackshaw, R.E. and Entz, M.H., 2016. A comparison of 
reduced tillage implements for organic wheat production in western 
Canada. Agronomy Journal, 108:2003-2014.

Vaisman, I., Entz, M.H., Bamford, K.C. and Cushon, I., 2014. Green 
manure species respond differently to blade rolling. Can J Plant 
Sci, 94:1507-1511.
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Agronomy Journal, 
108(5), pp.2003-2014.



Cover crop: Grown for multiple 
purposes including adding N 
after a cereal crop, reducing soil 
erosion and increasing soil 
biological activity.

Catch crop: Grown specifically to
stop N losses



Catch crops seeded in early August after green 
manure termination with grazing.  Image taken in 
October the same year

Tillage radish
Barley



Cicek, H., Martens, J.R.T., Bamford, K.C. and 
Entz, M.H., 2015. Late-season catch crops 
reduce nitrate leaching risk after grazed green 
manures but release N slower than wheat 
demand. Agriculture, ecosystems & 
environment, 202, pp.31-41.





Nutrients other the Nitrogen



Crop N P205 K20 S
Crop nutrient removal (lb/bushel)

Wheat 10% protein 1.2 0.5 0.35 0.1

12% 1.5 0.5 0.35 0.1

14% 1.9 0.5 0.35 0.1

Barley 1.1 0.36 0.35 0.07

Oat .96 0.25 0.18 0.06

Rye 1.22 0.33 0.33 0.22

Pea 2.3 0.7 0.7 0.14

Flax 2.12 0.6 0.6 0.2

Sunflower (lb/lb) 0.026 0.008 0.006 0.002

Alfalfa (lb/ton) 56 15 60 5

Bromegrass (lb/t) 36 13 59 3

Crop demand



Crop N P K S

Nutrient balance (lb/ac)

Green manure
pea, lentil or c. vetch

4000 lb/ac @2.5% N

+100

Wheat  (30 bu/ac) -57 -15 -12.6 -3

Flax    (14 bu/ac) -30 -16.5 -9 -3

Long-term balance +13 -31.5 -19.6 -6



After 12 years of organic, grain organic only system had lots of P; green manure-grain system 
had more available P in organic than conventional; and forage-grain system had low P in
organic. Carkner et al. 2020.

Green manure 
increased P



Fababean Soybean                             Corn



After 12 years of organic, grain organic only system had lots of P; green manure-grain system 
had more available P in organic than conventional; and forage-grain system had low P in
organic. Carkner et al. 2020.

Green manure 
increased P

Alfalfa hay reduced P



Hypothetical rotation: Grains and 3 years alfalfa



Crop N P205 K20 S
Nutrient balance (lb/ac)

Alfalfa hay (4 ton/acre) +130 -144 -540 -60

Wheat  (34 bu/ac) -64.5 -19 -14.2 -3

Flax    (15 bu/ac) -30 -16.5 -9 -3

Oat (50 bu/ac) -45 -12.5 -9 -3

Balance -9.5 -162 -572 -69



Crop N P205 K20 S
Crop nutrient removal (lb/bushel)

Wheat 10% protein 1.2 0.5 0.35 0.1

12% 1.5 0.5 0.35 0.1

14% 1.9 0.5 0.35 0.1

Barley 1.1 0.36 0.35 0.07

Oat .96 0.25 0.18 0.06

Rye 1.22 0.33 0.33 0.22

Pea 2.3 0.7 0.7 0.14

Flax 2.12 0.6 0.6 0.2

Sunflower (lb/lb) 0.026 0.008 0.006 0.002

Alfalfa (lb/ton) 56 15 60 5

Bromegrass (lb/t) 36 13 59 3

Crop demand



Crop N P205 K20 S
Nutrient balance (lb/ac)

Alfalfa grazed or seed 
production 

+160 -25 -108 -12

Wheat  (34 bu/ac) -64.5 -19 -14.2 -3

Flax    (15 bu/ac) -30 -16.5 -9 -3

Oat (50 bu/ac) -45 -12.5 -9 -3

Long-term balance +20.5 -73 -140.2 -21



How do I know if I have enough soil P?

• When soil test P below 5 PPM, you know crops will be deficient
• When soil test P above 10 PPM, you know crops will be OK

• Problem is when soil test P is between 5 and 10 PPM.



When soil test between 5 
and 10, use plant tissue 
analysis to assess P

Dr. Joanne Thiessen Martens, 
Dept Soil Science, University 
of Manitoba

Why the green manure crop?

Legume is not limited by N – more 
sensitive to other nutrient 
deficiencies
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Where the bioassay results are most useful

Thiessen Martens et al. Can J Plant Sci 2019



P value should be above 2.0 ppm

Thiessen Martens, et al. Canadian Journal of Plant Science, 99(5), pp.772-776.

7 of 28 fields between 5-10 ppm P 



P fertilization in organic farming

• Manure / compost – readily 
available to crop

• Feed and hay (mixed farm) – eg
bale grazing

• Mineral sources – rock P (does not 
work in neutral to alkaline pH soils)

• Organic fertilizers – bone meal, 
other biological sources

• Nutrients from the circular 
economy

Arcand and Schneider, 2005





USDA Nutrient-Management-in-Organic-Systems-Western-States-Implementation-Guide.pdf 



• 1000 lb Beef animal produces 9.9 tonne raw 
manure per year

• 9.9 tonne/year x 4.2 P20 5 /tonne = 41.5 kg P20 5 per 1000 lb beef animal per year

• If you have a P deficiency of 31.5 kg (see above), how much beef manure needed?
• 31.5 kg per ha/41.5 kg per tonne = 0.75 beef cattle/ha over the rotation
• That’s 0.30 beef cattle/acre over the 3 year rotation.

http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=giUeIRvAdl3wmM&tbnid=IQYPCjQ03jjFAM:&ved=0CAgQjRw4JQ&url=http://www.sciencedaily.com/releases/2010/06/100628124559.htm&ei=ZVQPU9p5jfWgBI_SgZAK&psig=AFQjCNH6Q-O3_xfypV2-mE4AUcRnbOKAtQ&ust=1393599973070448
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=7sLuu60BtCAYWM&tbnid=wb0Zvr3XCcltHM:&ved=0CAgQjRw4cw&url=http://www.sopgroup.com/index.php/eng/Catalogo/Zootecnia/Bovini/SOP-M-BEEF&ei=plQPU_qcBsP_oQSQjIGgDA&psig=AFQjCNF0k_y6aRtfodwlASedBzi9txfZaQ&ust=1393600038155251


No manure added

Manure added



Manure vs fertilizer – long term study at Indian Head, SK

Spratt, E.D. and McIver, R.N., 1979. The effect of continual use of phosphate fertilizer 
and barnyard manure on yield of wheat and the fertility status of a clay chernozem 
soil. Canadian Journal of Soil Science, 59(4), pp.451-454.

Manure only

MAP (Monammonium P) 
fertilizer only



Soil nutrients after 30 years of manure vs fertilizer as P source

Manure only



Manure is the driver of soil C



https://www.gov
.mb.ca/agricultur
e/environment/
nutrient-
management/pu
bs/properties-of-
manure.pdf

Stockpiling or composting 
concentrates nutrients in the 
manure



Bales contain high amounts of P, K,
S and micronutrients!



Gaskell, M. and Smith, R., 2007. Nitrogen sources for organic 
vegetable crops. HortTechnology, 17(4), pp.431-441.



Food waste 

↓ 

Insect Frass

Food waste 

↓ 

Digestate

http://www.fertilizer-machines.com/solution/fertilizer-technology/biogas-digestate-compost-fertilizer-produ.html



Human source 1

Human source  2

Nothing added to field

11-52-0 fertilizer

Research on alternative P sources in organic agriculture



https://www.coronationorganics.com/operations.html



The Prairie Organic Development 
Fund is grateful for the support 

of:

Platinum Sponsors: Grain Millers & SaskWheat
Development Commission
Silver Sponsors: Nature’s Path, The Bauta 
Family Initiative on Canadian Seed Security & 
PHS Organics
Friend: F.W. Cobs Company

We gratefully acknowledge funding from the 
Canadian Agricultural Partnership.

www.organicdevelopmentfund.org

http://www.organicdevelopmentfund.org/


To learn more about PODF: 
www.organicdevelopmentfund.org

For more organic production resources visit:
www.pivotandgrow.com
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