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Outline:

• Assessing soil fertility - Soil Testing
• Understanding soil nutrients

– Nitrogen in soil/Fertilizer Nitrogen/ Losses
– Phosphorus, Potassium, Sulfur

• Fertilizer placement & timing
• Crops – Canola, Wheat, Malt Barley
• New fertilizer products – pro’s and con’s



SK Soil Map

• What soil zone are you in?
• What is your typical growing 

season precipitation?



Essential elements for plant nutrition:
Carbon (C), Hydrogen (H) and Oxygen (O) are primary nutrients 

taken up as carbon dioxide and water.
Category Name Symbol Mobile Avail Form
Macro- Nitrogen N Y NO3

-

nutrients Phosphorus P N H2PO4
-, HPO4

-2

Potassium K N K+

Sulfur S Y SO4
-2

Calcium Ca N Ca+2

Magnesium Mg N Mg+2

Micro- Boron B Y H3BO3, H2BO3
-

nutrients Chloride Cl Y Cl -

Copper Cu N Cu+2

Iron Fe N Fe+2 , Fe+3

Manganese Mn N Mn +2

Molybdenum Mo Y MoO -2

Zinc Zn N Zn+2



Nutrient Requirements

• How much of each nutrient is required?

• When is each nutrient required?



Nutrient Uptake and Removal

N P2O5 K2O S
--------------------(lb/ac)--------------------

Wheat 
(60 bu/ac)

110-135
(80-100)

45
(30-35)

90-120
(25-28)

12-15
(6-8)

Barley
(80 bu/ac)

100-120
(70-85)

45
(30-35)

95-115
(23-28)

12-14
(6-8)

Canola
(50 bu/ac)

140-170
(85-100)

55-65
(40-45)

95-120
(20-30)

23-30
(14-17)



Nutrients supplied by the seed run out at this stage
Adequate supply of soil nutrients are needed!



At this stage canola will have taken up about 
50% of its N, P and K requirements



Cereal Crop – Nitrogen Uptake



Required Nutrients

• How much can the SOIL provide of each 
nutrient?

• How much of each nutrient DO YOU need to 
apply – to ensure optimum yield potential?



Soil Test
• Gives an excellent inventory of:

–Plant available nutrients
• Provides a basis for recommending additional 

nutrients for crop production on an individual 
field basis.



Soil Sampling

• Most important limitation is taking 
representative soil samples.

• Test data is worthless if the sample is not 
representative of the area to be fertilized.

• In variable fields - Separate soil samples for 
each soil type or slope position within a field.
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Number of Soil Samples:

• Sample a minimum of  20 samples per field.

• Why??

• 1 ac – 6” depth = 2,000,000 lbs
• 160 ac – 6” depth =320,000,000 lbs

• A 2 lb soil sample must represent 
320,000,000 lbs or 0.0000006% of field!!



Methods of Sampling:

• Random sampling – 20 to 25 samples per field
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Site Specific Benchmark 
– sample same site locations each yr

Soil Area 1

Soil Area  2

Soil Area  3



Soils vary with topography







Handle Soil Samples Properly

• Handing:
–Take care to avoid contamination.
–Dry completely
–Fill the soil sample cartons
–Label each carton correctly 

• Send to a reputable soil testing laboratory. 







Converting ppm to lb/ac

• One ac of soil 6” deep = 2,000,000 lb

• Therefore a 6” depth in ppm x 2 = lb/ac

• A 12” depth in ppm x 4 = lb/ac

• An 18” depth in ppm x 6 = lb/ac



To maximize fertilizer efficiency:

• Which nutrients are marginal or 
deficient?

• Which fertilizers do you really need?
• What fertilizer forms would be best?
• How and when would you apply each 

fertilizer?

• You should ask various sources for 
advice!!



Soil Nitrogen and 
Nitrogen Fertilizer



What is the cost of your 
Nitrogen Fertilizer:
• Anhydrous ammonia (82-0-0) and

Urea (46-0-0) are usually the least expensive. 

• Liquid (28-0-0)  and ESN (45-0-0) are usually 
more expensive. 

• Do you calculate the price of your N fertilizer?



If Urea (46-0-0) cost is $600/tonne;
Liquid (28-0-0) is $450/tonne,   
What is the price of nitrogen/lb?

One tonne of 46-0-0 has 460 kg of N/ tonne

$600  ~   x  =    $1.30/kg of N   (59 ¢/lb of N )
460 kg         1 kg 

One tonne of 28-0-0 has 280 kg of N/ tonne

$450   ~   x  =    $1.61/kg of N  (73 ¢/lb of N )
280 kg         1 kg 



Cost of N fertilizer:

• If urea N fertilizer is 59¢ /lb  and you apply 
70 lb/ac onto 4000 acres = $165,200

• If liquid N fertilizer is 73¢ /lb  and you apply 
70 lb/ac onto 4000 acres = $204,400

• Difference in cost: $39,200



Sources of Nitrogen:

• Soils will mineralize 20 to 40 lb N/ac 
• Legume crops can contribute 20-50 lb N/ac 
• N received in precipitation is about 4-8 

lb/ac/yr.
• Livestock manure will contribute significant N

• Remaining N must come from commercial 
fertilizer –
–Need to understand N fertilizer dynamics!!



Nitrogen Transformations:

Terms you need to know and understand:
Mineralization
Volatilization
Denitrification
Immobilization
Leaching



Nitrogen Dynamics:

NH4
+ NO3

-

Organic
N

Mineralization
by Microbes

Volatilization         Denitrification

Leaching

Crop
uptake

Immobilization

H+

N fertilizer
28-0-0

NH3

N fertilizer
46-0-0

CO(NH2)2



Remember how soil and fertilizer 
N can be lost from soil!
• Volatilization – gaseous loss of broadcast urea when soil & air 

temperatures are warm!

• Leaching – under excess moisture –BUT usually only a concern 
with Sandy soils!

• Denitrification – is a problem when soils are very wet for more 
than 2-3 days and soils are warm.

• Immobilization – when soil nitrate-N is inadequate to meet crop 
and soil microbe requirements – greater problem with increased 
crop residue levels.



When you understand soil N dynamics 
- better understand BMP’s of N fertilizer



N Fertilizer - BMP Choices??
• Choice 1

–Mid row or side band N at seeding 
or

–Seed-place N – BUT only at safe rate!



Cereals – Nitrogen Fertilizer
Safe Seed-placed Rates

Urea- Cereals ESN - Cereals

Seed Bed 
Utilization

Course
Texture

Medium to 
Fine Texture

Course
Texture

Medium to 
Fine Texture

-----------N (lb/ac)----------- -----------N (lb/ac)------------

5% 0 10 (0) 0

10% 15 (0) 25 (15) 60 75

25% 25 (15) 35 (25) 75 100

33% 30 (20) 40 (30)

Assumes 30 lb/ac P2O5 is seed-placed but no K or S 
fertilizer is placed with seed.



Canola – Nitrogen Fertilizer
Safe Seed-placed Rates

Urea ESN

Seed Bed 
Utilization

Course
Texture

Medium to 
Fine Texture

Course
Texture

Medium to 
Fine Texture

-----------N (lb/ac)----------- -----------N (lb/ac)------------

5% 0 5 (0) 0

10% 5 (0) 10 (0) 15 30

25% 15 (0) 20 (10) 45 60

33% 20 (10) 30 (20) 60 90

Assumes 15 lb/ac P2O5 is seed-placed but no K or S 
fertilizer is placed with seed.



Main Injury Factors
• Salt Effect

• Makes it difficult for the seedling to imbibe 
water and grow.

• 21-0-0-24 and 0-0-60 have a high salt index.
• Toxicity

• When Urea N converts to NH3 (ammonia).



N Fertilizer - BMP Choices??
• Choice 2

–Band N in early spring
–Concerns: seed bed is compromised plus 

loss of critical seed bed soil moisture

• Choice 3
–Band N in late fall - at Soil Temp < 5˚C
–Concern: N must remain in NH4

+ form over 
winter to minimize losses



BMP Choices

• BMP Choice 4
Broadcast 46-0-0 before or just after seeding –
Concerns:

–Moderate to Very Inefficient – subject to gas off
–Depend on rain to move fertilizer into soil
–DON’T Broadcast ESN – release is too slow  



BMP Choice 5 – In-crop N
• In-crop N using 28-0-0 

–In-crop N with spray jet nozzles: -
< 40% efficient

–Concern: need moisture to move N into soil and 
then must convert to an available form

–Must apply in early crop stage to be effective



BMP Choice 6 - Foliar N application
–Very inefficient – only 5% N uptake via 

leaves!
–Leave burn at > 20 lb N/ac
–Leaves are designed to capture the energy 

of the sun – NOT to absorb nutrients 



BMP Choice 7 - ESN –
Environmentally Smart Nitrogen
• Polymer coated urea fertilizer - protects the Urea N from 

rapid release
• Releases over a 10 to 60 day period – peaking at 30 days

– Soil temperature and moisture conditions
• Under wet soil conditions ESN fertilizer is protected by 

releasing slowly to reduce denitrification losses!
• Using a Urea:ESN blend can replace need or in-crop N 

application

ESN  Urea



How Much N Fertilizer is Optimum?

• As rainfall increases yield potential increases 

• BUT – HOW MUCH N is OPTIMUM!!
• Optimum N fertilizer is a function of:

–soil moisture
–growing season precipitation
–soil test N level



Nitrogen Fertilizer for Wheat

Soil N Level
(lb N/ac)

0 to 24 inches

Soil Moisture + Growing Season Precipitation 
(inches)

8” 10” 12” 14” 16” 18”

Recommended N Fertilizer (lb N /ac)

Very Low   0-20 60 75 90 105 120 135

Low          20-40 45 60 75 90 105 120

Medium   40-60 30 45 60 75 90 105

High         60-80 15 30 45 60 75 90



Nitrogen Fertilizer for Canola

Soil N Level
(lb N/ac)

0 to 24 inches

Soil Moisture + Growing Season Precipitation 
(inches)

8” 10” 12” 14” 16” 18”

Recommended N Fertilizer (lb N /ac)

Very Low    0-20 70 85 100 115 120 140

Low           20-40 55 70 85 100 115 120

Medium    40-60 40 55 70 85 100 115

High          60-80 25 40 55 70 85 100



Phosphorus Nutrition

• About 80% of soils are P 
deficient!

Phosphorus (P)

Phosphate (P2O5)

Ortho Phosphate (H2PO4)



New Agdex has up-to-
date information and 
recommendations



Unavailable
P

Labile
P

Plant
available

P

Soil Phosphorus Fractions

Fertilizer
P Manure P



Determining Plant Available Soil P

• Preferred method for Alberta and Saskatchewan soils:
– Modified Kelowna: NH4F + HOAc + NH4OAc

• Other methods that used: 
– Olson (Bicarb method): NaHCO3

– Bray-1 
– Mehlich-3



No obvious deficiency symptoms

These plants are very P deficient !!





Alberta Data:
Response to seed-placed versus banded phosphate fertilizer

Wheat Barley Canola
Stubble        Stubble Stubble

No. of sites 17               19                 15
P responsive sites                    10               13                 14
Seed-placed > banded              6                 8                    6
Banded > seed-placed              3                 0                    2
Seed-placed = banded              1                 5                    7

Remember: 
Soil and Fertilizer P are immobile – therefore – placement near the seed is best!



Seed-placed P:

• Most effective when soil P level is low
• Placement of P with the seed can provide a 

starter or pop-up effect – especially in cool, wet 
soils

• Will stimulate early root growth 
• Is often the more effective placement method –

except when soils are drier!
• Small seeded crops are more sensitive to seed 

placed P (canola, mustard, flax ) 



N-P Dual Band Placement:

• Roots proliferate in the area of the band results in 
higher nutrient uptake

• N tends to move out of the band and P remains – if N 
levels are higher than ~70 lb/ac 
– the N in the band will prevent roots from 

penetrating the band to efficiently taking up P
• Dual N-P banding:

– It is a good method for applying N-P fertilizer but
– Starter P is still very important



Soil test rating for plant available P

Soil test
level rating* Phosphorus (P)

(lb/ac)
Very low 0 – 15 High probability of
Low 15 – 30 crop response to P
Medium 30 – 60 Moderate probability 
Medium to Adequate 60 - 90
High >90 Low probability of 

crop response to P
* Modified Kelowna Method



Phosphate fertilizer recommendations for 
canola in the Dark Brown soil zone
Soil P Dry Moist Wet
(lb P/ac)
0-10 35 40 45 Apply P2O5

10-20 30 35 40 at ~30-40  lb/ac
20-30 25 30 35 
30-40 20 25 30 Apply 20-25 lb/ac
40-50 15 20 25 
50-60 15 20 25 Apply maintenance
60-90 15 15 15 rate of 15-20 lb/ac
>90 0



New Products
What are  the Benefits?



New Products – Claims! 





Remember:

• Take promotional material & testimonials 
with caution!

• Find out as much about the testing of the 
product or practices – does it measure up to 
the claims?

• Ask others for a second opinion!

• USE CRITICAL THINKING!!



Soil test K determined as: Potassium – K+ 

K fertilizer recommendation: K2O

K fertilizer sold as: K2O

Potash fertilizer K form:  Potassium Chloride (KCl)

Potassium



New Agdex has up-to-
date information and 
recommendations



Potassium (K) in Soil:

• Soils high in clay have higher levels of K
• Sandy soils tend to have lower K levels
• Forage crops have the highest K requirements
• Sandy soils that are intensively cropped to high K 

requirement crops .
• Recommend K fertilizer when soil K is < 250 lb/ac.



Soil Potassium:

Mineral K
(80-90%)

Clay
Available

&
Exchangeable

K: 1-2%

K
Slowly

10-15%

500   lb/ac5,00045,000



Application of K Fertilizer:

• K has limited movement in soil – therefore placement 
near the seed will improve uptake.

• KCl fertilizer has a high salt index - too much seed-
placed K will decrease germination and emergence

• Seed-placed K should not exceed 15-20 lb/ac when 
SBU is <10% for cereal crops

• Higher rates must be banded or side-banded to 
reduce potential damage



Potash Fertilizer: 
Potassium Chloride (KCl)

• Majority of Alberta and Saskatchewan soils are not K 
deficient (>75%) & do not need K fertilizer!

• However, there are times when barley will response to 
KCl fertilizer.

• It is believed that the Cl at times (15% based on Penney 
& Robertson) will aid in reduced incidence of root 
diseases, particularly take-all root rot.



Response of Barley to K in Alberta

Soil test level           No. of Responsive sites
(lb K/ac)                 (%)

<50                           100
50-100                       75
100-150                     66
150-200                     24
200-250                     18
>250                            3



Potassium recommendations for 
canola in  Alberta (lb/ac):

Soil K:  0-6” K2O 
(lb/ac) (lb/ac)
<100 100
150-100 80 K  IS Recommended
200-150 40- 60
250-200 20- 40
300-250 20 K  maintenance applic.
>300 0 K  NOT Required unless K

is variable in field



Sulfate Sulfur 
(SO4

-2 – S)

Elemental Sulfur 
(S)



New Agdex has up-to-
date information and 
recommendations



Sulfur in Soil:

• S in surface soil (0 to 6”) is often low at the 
end of the growing season.

• But S is often adequate to high in sub soil
–SO - do you need S fertilizer

• If surface soil is LOW– need S fertilizer to get 
crop through vegetative growth until roots are 
into sub-soil!



Sulphur deficiency 
symptoms
in canola: leaf cupping.

Yellowing of newly emerging 
leaves is an indicator of 
sulphur deficiency in wheat, 
other cereals and forage 
grasses. 



Soil Test Results (0-6 and 6-12”)

• A deficient result means the field is deficient.
< 10 lb/ac

• A marginal result means the field could be either 
marginal and/or deficient.

10 to 20 lb/ac
• An adequate result means the field may be a 

combination of adequate, marginal and/or deficient.
> 20 lb/ac



Sulfur Fertilizer 
Recommendations

• When soil is marginal or deficient in sulfate apply 
10 to 20 lb/ac of sulfate sulfur.

• Use sulfate fertilizer (21-0-0-24) when soil is 
deficient.

• Only use elemental S (0-0-0-90) in a building 
program - it will not correct a problem in the year 
of application.  



Micronutrients:



Essential vs Non-essential

Essential Non-essential
(Essential in some respects)

Boron Cobalt
Chlorine Nickel
Copper Selenium
Iron Silicon
Manganese Sodium
Molybdenum
Zinc





Melanosis - wheat

Irregular shaped areas within a field



Whip Tailing and Pig Tailing



Copper deficiency

Open florets

ERGOT



Micronutrients: Are important for 
crop nutrition but are not magical 
and will not make up for poor crop 
management!



Summary:
1. With continued cropping, soil micronutrient levels will 

slowly decline
-However, in most regions - most crops still do not 
require micronutrient fertilizers.

2. Need to constantly watch micronutrient soil test 
results and observing fields for signs of potential 
micronutrient deficiency problems.

3. If potential problems are observed – contact your 
Regional Crop Specialist

- start with on-farm trialing 



Soil Fertility and Plant Nutrition

• Canola, wheat and barley respond well to N, 
P, K and/or S, when soil levels are deficient.

• N and P are frequently deficient
• K is occasionally deficient (<25%)
• S is occasionally deficient but frequently 

recommended for Canola (~40-60%)



Ross H. McKenzie

Phone: 
403-328-1001

E-mail: 
rossmckenzie@shaw.ca



Cation Exchange Capacity (CEC)
Base Saturation (%BS)



% Base Saturation:

Base saturation is the % of exchange sites occupied by 
basic cations

Basic cations: Ca + Mg + K + Na
Acidic cations: H and Al

% Base Sat (%BS) = Ca + Mg + K + Na x  100
Ca + Mg + K + Na + H + Al

When all soil exchange sites are occupied by base 
cations, the % BS = 100%





Basic Cation Saturation Ratio (BCSR):
• Originally used in eastern USA  (Bear et al. 1948) to 

recommend K, Ca & Mg based on BCSR

• Only used on 1:1 clay (kaolinite) soils with very low CEC 
in the range of 1 to 5 with a low base saturation

• It does not work for 2:1 clay (smectite) soils with high 
CEC capacity.

• Is not used for N, P, S or micronutrients

• It is a flawed approach to making K , Ca or Mg fertilizer 
recommendations on soils with higher CEC and % BS 
on the Canadian prairies!!


