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Where are you on each of these curves?
Evaluate your fertility program.

Yield

25 cent/lb N

Soil Test to Find Out!Soil Test to Find Out!
50 cent/lb N

Added N

Yield Yield

Added P Added K

Success in making the most of fertilizer $$ is knowing where 
you’re at, which nutrients are giving you most bang for the buck!
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Soil Fertility Assessment (Soil Testing) Is Important!Soil Fertility Assessment (Soil Testing) Is Important!

Tells you where you are on the curves, how to provide Tells you where you are on the curves, how to provide 
optimum economic rate of each nutrient for crop.optimum economic rate of each nutrient for crop.

DIFFERENT FIELDS HAVE DIFFERENT OPTIMUM RATES OF DIFFERENT FIELDS HAVE DIFFERENT OPTIMUM RATES OF 
FERTILIZERFERTILIZER

SET A REALISTIC TARGET YIELD AND FERTILIZE SET A REALISTIC TARGET YIELD AND FERTILIZE 
ACCORDINGLYACCORDINGLY
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Stored Soil Moisture + Growing Season Rainfall Stored Soil Moisture + Growing Season Rainfall = = 
Yield PotentialYield Potential

Want to balance rate of nutrient with yield potentialWant to balance rate of nutrient with yield potential
as governed by moisture!as governed by moisture!
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Know Depth of Moist Soil in Profile !Know Depth of Moist Soil in Profile !
Sand:Sand: 1 foot moist soil = 0.75 inch available water1 foot moist soil = 0.75 inch available water
Loam:Loam: 1 foot moist soil = 1.5 inch available water1 foot moist soil = 1.5 inch available water
Clay:Clay: 1 foot moist soil =  2.0 inch available water1 foot moist soil =  2.0 inch available water
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Example: Dark Brown Soil Zone: CanolaExample: Dark Brown Soil Zone: Canola
Yield = (Inches soil stored + Growing season water Yield = (Inches soil stored + Growing season water –– 2.0) x 3.02.0) x 3.0

Very Poor:  (0.5Very Poor:  (0.5”” + 4.0+ 4.0”” –– 2.0) x 3.0 =   8 2.0) x 3.0 =   8 bubu/ac/ac
Very Good: (4.0Very Good: (4.0”” + 12+ 12”” –– 2.0) x 3.0 =   42 2.0) x 3.0 =   42 bubu/ac/ac
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WHAT ALL DO YOU NEEDWHAT ALL DO YOU NEED
Micronutrients?Micronutrients?

CouldCould be a limitation for certain crops on certain soils, be a limitation for certain crops on certain soils, 
especially when aiming for the top end of the yield curve.especially when aiming for the top end of the yield curve.

ButBut
Deficiency Deficiency unlikely to be widespreadunlikely to be widespread across entire field.across entire field.
Most often observed in Most often observed in patchespatches: eroded knolls may have : eroded knolls may have 
low Cu and Zn, sandy or gravelly areas could be low in low Cu and Zn, sandy or gravelly areas could be low in 
Cu, Zn, maybe B.Cu, Zn, maybe B.
Maybe boron for canola, but Maybe boron for canola, but limited response of canola to limited response of canola to 
BB in recent trials at in recent trials at MelfortMelfort (Gray (Gray LuvisolsLuvisols) with low B ) with low B 
testing soils.testing soils.
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Sources of Variation in Nutrient Availability and Productivity Across Fields:

1)Topography   2)Past Management (or Mismanagement) 3) Parent Material
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Soil test, tissue test suspected areas.  Get a sample from Soil test, tissue test suspected areas.  Get a sample from 
problem areaproblem area and another from a and another from a good areagood area for for 
comparativecomparative purposes.purposes.



Dept. of Soil Science, Univ. of Sask.

Fertilizer RatesFertilizer Rates
CANOLA IS A NUTRIENT HUNGRY CROP!CANOLA IS A NUTRIENT HUNGRY CROP!
______________________________________________________________________________________________
Nutrient UptakeNutrient Uptake CanolaCanola WheatWheat

lb/aclb/ac (35 (35 bubu/acre)/acre) (40 (40 bubu/acre)/acre)
NN 112112 8585
PP22OO55 5252 3232
KK22OO 8181 7373
SS 2020 99

Source: CFI Nutrient Uptake and Removal GuideSource: CFI Nutrient Uptake and Removal Guide

~ 70% of N and P taken up is removed in seed, 50% of S and 25% o~ 70% of N and P taken up is removed in seed, 50% of S and 25% of Kf K
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•• High yielding hybridHigh yielding hybrid varieties require varieties require more nutrientmore nutrient to to 
achieve yield potential (Ulrich et al. 2002; Brandt, achieve yield potential (Ulrich et al. 2002; Brandt, 
2004).2004).

Workhorse versus Racehorse
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•• Some work (Some work (KaramanosKaramanos and Flore, 2002) indicates and Flore, 2002) indicates 
hybrids have hybrids have higher efficiency of N usehigher efficiency of N use::

Hybrid Hybrid 2 lbs N/2 lbs N/bubu versusversus Traditional Traditional 3.3 lbs N/3.3 lbs N/bubu

Higher yields with same rate of fertilizer under Higher yields with same rate of fertilizer under 
optimum P and S fertility.optimum P and S fertility.
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ThavarajahThavarajah (2002) reported in field trials at four sites (2002) reported in field trials at four sites 
across Saskatchewan that rates ~ 60 across Saskatchewan that rates ~ 60 -- 80 lbs N/acre 80 lbs N/acre 
produced optimum yield of canola, produced optimum yield of canola, 

with with lower requirementslower requirements in soils with in soils with greater Ngreater N
mineralizationmineralization potential and/or potential and/or residual nitrateresidual nitrate. . 

Need to soil test to assess N fertility, predict response:Need to soil test to assess N fertility, predict response:
Varies according to environment!!!Varies according to environment!!!
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Yield (bushels per acre) of canola (Yield (bushels per acre) of canola (InvigorInvigor) grown on wheat stubble with ) grown on wheat stubble with 
different rates of urea fertilizer in 2000 (different rates of urea fertilizer in 2000 (ThavarajahThavarajah et al. 2002).et al. 2002).

____________________________________________________________________________________________________
N rate (lbs/acre)N rate (lbs/acre)

00 3030 6060
Scott yield (Scott yield (DkDk Brown, dry)Brown, dry) 1212 2020 2020

MelfortMelfort yield (Black, wet)yield (Black, wet) 3030 3838 4545
___________________________________________________       ___________________________________________________        
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Use predicted response curve to apply Use predicted response curve to apply 
at rate that will at rate that will maximize net returnmaximize net return

Apply to point where last
dollar spent gives you a dollar 
back 

N Fertilizer Rate
0 120

Irrigated

Dryland

Canola
Yield
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Fertilizer Placement, AdditivesFertilizer Placement, Additives
DonDon’’t Compromise Stand Establishment By Cramming t Compromise Stand Establishment By Cramming 

Too Much Fertilizer in the SeedToo Much Fertilizer in the Seed--Row!Row!

Pay Attention to Guidelines. Pay Attention to Guidelines. ReduceReduce SeedSeed--Row Row 
Fertilizer Rates Fertilizer Rates When DryWhen Dry and Risk of and Risk of MultipleMultiple
StressesStresses: drought, seed quality, disease etc.: drought, seed quality, disease etc.
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Risk of crop injury from too much Risk of crop injury from too much 
fertilizer placed too close to seed is fertilizer placed too close to seed is 

increasedincreased under dry conditionsunder dry conditions

•• Salt effectSalt effect of fertilizer on holding back moisture is of fertilizer on holding back moisture is 
increasedincreased by by drydry soil conditions.soil conditions.

•• Less moisture, greater number of airLess moisture, greater number of air--filled pores filled pores 
means more free ammonia gas, can also move means more free ammonia gas, can also move 
further.further.

Wet Dry

NH3 NH3
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Fertilizer In The SeedFertilizer In The Seed--RowRow
Pretty good placement but there is a Pretty good placement but there is a limitlimit!!

Seed Bed Utilization =  Seed Bed Utilization =  opener spreadopener spread
row spacingrow spacing

Example:Example:
Disc 1Disc 1”” =   11% SBU   =   Max 10 lbs N / acre=   11% SBU   =   Max 10 lbs N / acre
---------------- for canolafor canola
Spacing 9Spacing 9””

Sweep 3Sweep 3”” = 33% SBU   =   Max 30 lbs N / acre= 33% SBU   =   Max 30 lbs N / acre
---------------- for canolafor canola
Spacing 9Spacing 9””

With single shoot systems, pay attention to these limits!With single shoot systems, pay attention to these limits!
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Inhibitors, coatingsInhibitors, coatings added to urea fertilizer added to urea fertilizer 
can reduce seedling injury risk and reduce can reduce seedling injury risk and reduce 
N losses.N losses.

UreaseUrease inhibitors, Nitrification Inhibitors  inhibitors, Nitrification Inhibitors  
Coatings to slow releaseCoatings to slow release

Largest benefits in reducing losses occur 
under high loss potential conditions:
surface application, fall application, excess 
moisture 
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Putting Fertilizer in a Band Increases Putting Fertilizer in a Band Increases 
Availability & Crop UtilizationAvailability & Crop Utilization

•• Concentrated bands of N reduce losses by slowing Concentrated bands of N reduce losses by slowing 
conversionconversion of ammonium to the nitrate form that of ammonium to the nitrate form that 
is susceptible to loss by leaching and is susceptible to loss by leaching and 
denitrificationdenitrification..

•• Phosphorus and potassium is Phosphorus and potassium is more plant available more plant available 
in a bandin a band than when broadcast and incorporated.  than when broadcast and incorporated.  
Less fixation, slower conversion to less soluble Less fixation, slower conversion to less soluble 
forms. forms. 
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““StarterStarter”” Phosphorus and Potassium Placed in Seed Row or Phosphorus and Potassium Placed in Seed Row or 
Close By Can Be Close By Can Be Especially BeneficialEspecially Beneficial for for Early Nutrition Early Nutrition 

of Canolaof Canola
-- because P and K can only move a few because P and K can only move a few millimetersmillimeters

•• Cool Cool spring soil temperatures restrict early root spring soil temperatures restrict early root 
growth and access to P and Kgrowth and access to P and K
–– Starter P, K produces Starter P, K produces ““poppop--upup”” of crop, ensures of crop, ensures 

early nutrition under these conditions.early nutrition under these conditions.

•• Crop rotations that reduce disease pressure, Crop rotations that reduce disease pressure, 
promote healthy roots will improve ability of crop promote healthy roots will improve ability of crop 
to access soil P.to access soil P.
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Nitrogen is a mobile nutrientNitrogen is a mobile nutrient in the soil:in the soil:
moves long distances (meters) along with watermoves long distances (meters) along with water

Therefore, placement close to seedling roots not Therefore, placement close to seedling roots not 
critical:  critical:  

N will move with water to rootsN will move with water to roots
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Surface dribble banding of liquid UAN (28Surface dribble banding of liquid UAN (28--00--0) 0) 
can work well can work well if rains after applicationif rains after application. . 
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Separation of N fertilizer from seed can also Separation of N fertilizer from seed can also 
be easily accomplished with fluids by be easily accomplished with fluids by directing directing 
or or ““squirtingsquirting”” fertilizer away from seed rowfertilizer away from seed row..
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P+K Fertilizer in the SeedP+K Fertilizer in the Seed--RowRow

% of seeds planted that emerged over two weeks % of seeds planted that emerged over two weeks as affected by different rates of MAP as affected by different rates of MAP 
(12(12--5151--0), without and with 20 kg K0), without and with 20 kg K22O/ha as O/ha as KClKCl (0(0--00--60) (60) (QianQian and Schoenau, 2009)and Schoenau, 2009)

Wheat Canola Yellow Pea
1212--5151--00

kgPkgP22OO55/ha/ha
PP P+KP+K PP P+KP+K PP P+KP+K

00 93a93a 91a91a 95a95a 89a89a 97a97a 75a75a
1010 95a95a 91a91a 98a98a 86a86a 76ab76ab 68ab68ab

2020 91a91a 89ab89ab 95a95a 82a82a 75ab75ab 54bc54bc

3030 89ab89ab 86ab86ab 91a91a 80a80a 72b72b 39cd39cd

4040 91a91a 86ab86ab 73b73b 75a75a 56b56b 25de25de

6060 80b80b 82b82b 48c48c 59b59b 28c28c 18e18e

8080 64c64c 68c68c 43c43c 45bc45bc 19c19c 11e11e

100100 52d52d 59d59d 36c36c 43c43c 11e11e
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Nutrient BalancingNutrient Balancing
•• SulfurSulfur is critical for canola!is critical for canola!

•• Available N to Available S ratio following fertilization Available N to Available S ratio following fertilization 
should be ~ 5:1 to 7:1should be ~ 5:1 to 7:1

•• 15 15 -- 30 lbs S / acre of sulfate fertilizer generally sufficient.30 lbs S / acre of sulfate fertilizer generally sufficient.
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Soil sulfur levelsSoil sulfur levels across farm fields are extremely across farm fields are extremely 
variablevariable
–– difficult to get a representative sample.difficult to get a representative sample.
–– as insurance against deficiency, S fertilizer as insurance against deficiency, S fertilizer 

recommendation is often made for canola, recommendation is often made for canola, regardless of regardless of 
what soil test says.what soil test says.

Saline areas contain very high
levels of sulfur: salts are sulfate salts
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Many soils in Brown and Dark Brown soil zone, have Many soils in Brown and Dark Brown soil zone, have 
lots of sulfate (lots of sulfate (gypsiferousgypsiferous layer) in the sublayer) in the sub--soil soil 

(12 (12 -- 24 inch depth).24 inch depth).

–– Canola could be sulfur deficient in early stages of growth, Canola could be sulfur deficient in early stages of growth, 
but when roots get to layer, the deficiency disappears. but when roots get to layer, the deficiency disappears. 
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Pay Attention to S Fertilizer Form:Pay Attention to S Fertilizer Form:
•• Use sulfate form when you need S available Use sulfate form when you need S available 

right away.right away.
•• Elemental forms can take a long time to Elemental forms can take a long time to 

oxidize to plant available sulfate. Variable oxidize to plant available sulfate. Variable 
oxidation rates: long term supply.oxidation rates: long term supply.
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High use of N fertilizer, high yields and high High use of N fertilizer, high yields and high 
crop S removal can quickly result in S crop S removal can quickly result in S 
deficiency conditions in soils susceptible to deficiency conditions in soils susceptible to 
deficiency.deficiency.

PostPost--emergent application of sulfateemergent application of sulfate fertilizer fertilizer 
can be can be effectiveeffective in recovery of canola from in recovery of canola from 
S deficiency up to bolting (S deficiency up to bolting (MalhiMalhi et al et al 
2005).2005).
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Watch for S deficiency in canola grown on soils Watch for S deficiency in canola grown on soils 
receiving swine manure, especially in second year receiving swine manure, especially in second year 
following application (Schoenau et al., 2003).following application (Schoenau et al., 2003).

•• Some Some swine manures have low available S relative swine manures have low available S relative 
to Nto N: storage in anaerobic lagoons.: storage in anaerobic lagoons.

•• Not an issue with cattle manure.Not an issue with cattle manure.
•• Can alleviate by applying supplemental S fertilizer. Can alleviate by applying supplemental S fertilizer. 
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Organic Sources of NutrientOrganic Sources of Nutrient

Includes manures,composts, processing byIncludes manures,composts, processing by--productsproducts

Not waste!  A valuable source of nutrient and organic matter forNot waste!  A valuable source of nutrient and organic matter for soils and soils and 
cropscrops!!
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See good canola yield responses to manureSee good canola yield responses to manure

5000 gallons per acre5000 gallons per acre
(200 lb N per acre)(200 lb N per acre)

Control (no manure or Control (no manure or fertfert))

Response of Canola to injected liquid swine effluentResponse of Canola to injected liquid swine effluent

38 bu/ac

8 bu/ac
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Benefits from Manure UseBenefits from Manure Use
Crop Yield & Protein IncreaseCrop Yield & Protein Increase

$ $ Economic ReturnEconomic Return
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Net Revenue over Three Years:Net Revenue over Three Years:

Based on Crop Response to Liquid Hog Manure at Based on Crop Response to Liquid Hog Manure at 
Dixon Field Trials,Black soil zone, East Central Dixon Field Trials,Black soil zone, East Central 
Sask.Sask.

Manure:Manure:
Crop Revenue minus Application CostsCrop Revenue minus Application Costs

Urea + MAP:Urea + MAP:
Crop Revenue minus Application Costs and Fertilizer Costs Crop Revenue minus Application Costs and Fertilizer Costs 
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2003 2003 --2005 at Dixon, SK2005 at Dixon, SK
2003 Barley, 2004 Canola, 2005 Wheat2003 Barley, 2004 Canola, 2005 Wheat

2003 Barley2003 Barley valued at $2.00 per bushelvalued at $2.00 per bushel
bushels/acrebushels/acre cost/acrecost/acre net revenue/acrenet revenue/acre

ControlControl 29.029.0 $0$0 $ 58.00$ 58.00
1x 1x annual annual 3300gpa HM3300gpa HM 68.668.6 $33.00$33.00 $ 104.20$ 104.20
1x 1x annualannual urea + P urea + P fertfert 47.647.6 $25.00$25.00 $ 70.20$ 70.20
(50 N + 15 P(50 N + 15 P22OO55))
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2004 Canola2004 Canola valued at $6.00 per bushelvalued at $6.00 per bushel
bushels/acrebushels/acre cost/acrecost/acre net revenue/acrenet revenue/acre

ControlControl 4.84.8 $ 0$ 0 $ 28.80$ 28.80
1x 1x annual annual 3300gpa HM3300gpa HM 43.743.7 $33.00$33.00 $ 229.20$ 229.20
1x 1x annualannual urea + P urea + P fertfert 35.235.2 $25.00$25.00 $ 186.20$ 186.20
(50 N + 15 P(50 N + 15 P22OO55))
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2005 Wheat 2005 Wheat valued at $3.50 per bushelvalued at $3.50 per bushel
bushels/acrebushels/acre cost/acrecost/acre net revenue/acrenet revenue/acre

ControlControl 16.216.2 $0$0 $ 56.70$ 56.70
1x 1x annual annual 3300gpa HM3300gpa HM 49.749.7 $33.00$33.00 $ 140.95$ 140.95
1x 1x annualannual urea + P urea + P fertfert 54.954.9 $25.00$25.00 $ $ 167.15167.15
(50 N + 15 P(50 N + 15 P22OO55))
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Over the three years 03Over the three years 03--0505

Net revenue/acreNet revenue/acre
ControlControl $ 143.50  $ 143.50  
1x 1x annual annual 3300gpa3300gpa $ 474.35$ 474.35
1x 1x annualannual urea + P urea + P fertfert $ 423.55$ 423.55
(50 N + 15 P(50 N + 15 P22OO55))
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Along with manures and composts, Along with manures and composts, 
biofuelbiofuel and processing coand processing co--productsproducts can have value can have value 

as fertilizersas fertilizers

CoCo--products of products of biofuelbiofuel productionproduction: distillers grain, thin : distillers grain, thin 
stillagestillage from ethanol production, glycerol from biodieselfrom ethanol production, glycerol from biodiesel

Canola meal Canola meal processing byprocessing by--productsproducts, alfalfa pellets., alfalfa pellets.
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BiofuelBiofuel Production CoProduction Co--ProductsProducts
EthanolEthanol Canola Canola BiodieselBiodiesel

Wet Wet 
DistillersDistillers
GrainGrain

Thin Thin 
StillageStillage

Dried Distillers Grain
With Solubles

Crush Meal GlycerolGlycerol
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Why Important?Why Important?

•• BiofuelBiofuel (ethanol, biodiesel) (ethanol, biodiesel) expansionexpansion

•• FeedstocksFeedstocks compete for, utilize and contain compete for, utilize and contain nutrientsnutrients

•• Plant Plant nutrientsnutrients are a scarce and valuable are a scarce and valuable resourceresource

•• BiofuelsBiofuels are are hydrocarbonshydrocarbons, need to effectively , need to effectively recycle nutrientsrecycle nutrients
that are that are left behindleft behind in coin co--productsproducts

Value as Fertilizer?Value as Fertilizer?
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Controlled Environment StudyControlled Environment Study
EFFECT OF: EFFECT OF: 

Distillers Grain,                Thin Distillers Grain,                Thin StillageStillage,                  Glycerol ,                  Glycerol 

On Canola Growth, Soil Properties On Canola Growth, Soil Properties In Comparison to UreaIn Comparison to Urea
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Canola Growth: Canola Growth: Wet Distillers GrainWet Distillers Grain vs. Ureavs. Urea

Canola Dry Matter Yield
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Controls Urea 100 DG 200 Urea 200 DG 400 Urea 200
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Canola Growth: Canola Growth: Thin Thin StillageStillage vsvs UreaUrea
Canola Dry Matter Yield
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Canola Growth: Canola Growth: GlycerolGlycerol at different rates, at different rates, 
without and with N fertilizerwithout and with N fertilizer

Canola Dry Matter Yield
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•• Microorganisms need available nutrient from soil Microorganisms need available nutrient from soil 
and fertilizer to decompose carbon source: and fertilizer to decompose carbon source: 
reduces supply available to plant.reduces supply available to plant.

Adding fertilizer N feeds both microbes Adding fertilizer N feeds both microbes 
and plantand plant
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Soil Organic Carbon Soil Organic Carbon 

Glycerol Rate  kg/haGlycerol Rate  kg/ha % Soil Organic C% Soil Organic C

00 1.781.78cc

100100 1.911.91bcbc

10001000 1.861.86bcbc

10,00010,000 2.18a2.18a

After 5 weeks, appreciable portion of C added as glycerol After 5 weeks, appreciable portion of C added as glycerol 
remains in soil.remains in soil.
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Challenges with organic sourcesChallenges with organic sources

MultiMulti--element but low analysis: %N in single digits, usually 5% N or element but low analysis: %N in single digits, usually 5% N or 
less, P 2% or less.less, P 2% or less.

Makes transport and application challenging and expensiveMakes transport and application challenging and expensive

CanCan’’t afford to move too far from site of production to where neededt afford to move too far from site of production to where needed..

Economic hauling distances may be only a few kmEconomic hauling distances may be only a few km
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How Does It All Add Up?How Does It All Add Up?

Efficiency is Key!Efficiency is Key! Rate, Placement, FormRate, Placement, Form
Conserving, Recycling Nutrients ImportantConserving, Recycling Nutrients Important

Remember the law of mass conservation: Remember the law of mass conservation: 

YOU CAN’T GET SOMETHING FOR NOTHING
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Thanks! Questions?Thanks! Questions?


