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Background

 Data presented is part of MSc work collected in 2012 
and 2013 at the University of Saskatchewan Dept of Soil 
Science



Farm Management Decisions 
and Discussions

 What is the best fertility program this year?

 Changes from year to year?

 What is the farm wide variability in soil nutrient status?

 What about within field variability?

 How do I maximize yield, and minimize fertility costs?

 What are logistical constraints to applying fertilizer?

 Why is such variability present and what is effect on 
yields?



4R Nutrient Stewardship



What is the Right Fertilizer 
Rate?

 International Plant Nutrition Institute

 Right rate:

 Matches applied fertility to crop demand

 Overapplication

 Potential detrimental losses to environment beyond the field

 $ loss from the farm

 Underapplication

 Unrealized yield potential

 Mining soil reserves

 Reduced amount of crop residues returned to soil

https://www.ipni.net/ppiweb/bcrops.nsf/$webindex/49FF68D11908EB2085257394001B2356/$file/07-4p14.pdf



Identify and Apply 
Precision Fertility

 Precision Agriculture

 GPS guidance

 Sectional control

 Variable Rate (VR) N Fertilizer Application

 Concept: Match N rates to varying production potentials in 
a field

 Does it work? 



Context
 In theory VR N should:

 Improve yield and N-use efficiency

 However, improvements at the farm level have been 
difficult to document

 Reflects knowledge gaps of: 

 Temporal and spatial variation in soil properties 
controlling yield

 Environmental controls

 How this affects response to applied N 

 (Cassman et al., 2002) 



Context

 In practice:
 Many farmers apply the same fertilizer rate across a whole 

field regardless of variability in yield potential

 Why?
 Efficient means are needed to create a variable application 

map

 Cost to ID, sample and predict crop response in separate 
zones

 Uncertainty surrounding benefits to be achieved

 Challenge:
 ID efficient reliable mechanisms to make VR map

 Predict accurate fertilizer rates within the VR map



Context

 Current methods to create VR maps include:

 Soil electrical conductivity (EC) maps

 Satellite imagery

 Elevation maps

 Yield maps

 Soil surveys

 All reveal variability in many different aspects

 How do they relate to crop response?



Research Questions

 What is the effect of soil properties on crop yield and 
protein in a typical landscape in southern SK?

 Will protein concentration of crops help delineate 
effective fertilizer management zones?



Research Question

 Yield

 Can establish how much N it takes to produce a 
target yield

 Protein

 Reflects balance of N to other yield limitations







Canola and Pea 
Protein: Yield 
Relationships

 Yield and protein relationships have not been studied in 
detail like wheat

 If protein sensing is a valuable tool, much work needs to 
be done on these relationships



Study Objectives

 Determine relationships 
between:

 Crop yield

 Crop protein 

 Soil landscape properties

 Salinity

 Organic matter

 pH

 Soil nutrients

Summer 2012

 Use these relationships 
to:

 1) Develop VR Nitrogen 
prescription

 2) Compare performance 
to constant rate

 Side by side comparison

Summer 2013





Soil Association

Kh4:l- Ad5:l
Ga3:St2

(Ayres et al., 1985)
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Field Area 3

Field Area 2 Field Area 1

Electrical 
Conductivity 

(0-30 cm)

Organic Carbon 
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Field Area 3
Peas 2012

Field Area 2
Canola 2012

Field Area 1
Wheat 2012



Protein (%)

Yield (kg ha-1)

Field Area 1
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Peas 2012
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Wheat Protein 
and Yield

Landscape Position Protein Yield  (kg/ha)

Gleysol W1 14.4 2554

Rego-Knoll W5 14.4 1190

Mid-Slope W7 14.3 2110

Mid-Slope W4 14.2 1942

Lower-Mid W3 13.9 2099

Mid-Slope W13 13.8 2318

Toe-Slope W10 13.7 2002

Rego-Knoll W6 13.5 1254

Foot-Slope W14 13.4 2177

Toe-Slope W11 12.8 1631

Toe-Slope W2 12.6 2307

Shoulder W12 12.5 2038

Up-Level W15 12.5 1787

Toe-Slope Slough W16 12.4 1328

Level W9 12.3 1994

Saline Toe-Slope Slough W8 10.5 882Hildebrand, 2014



Canola Protein 
and Yield

Landscape Position Protein Yield (kg/ha) 
Saline Solenetz BNT Depression C9 20.6 1559

Saline Depression C7 19.4 1246
Toe-Slope C1 18.1 2032

Mid-Slope Gravel C3 17.9 2331
Mid-Slope C15 17.9 1532

Depression C8 17.5 1993
Mid-Slope C6 17.4 2047
Foot-Slope C13 17.2 2234

Depresssion C14 17.1 2263
Fertile Depression C2 16.4 2342

Lower level C10 15.4 2010
Knoll C16 15.4 1630

Eroded Knoll C4 15.1 1143
Sandy Eroded Knoll C5 14.9 1715

Upper level C11 14.9 1289
Mid-Level C12 14.2 2190Hildebrand, 2014



Pea Protein 
and Yield

Landscape Position Protein Yield (kg/ha)
Lower P14 17.7 2640
Wet P6 17.2 1784

Reclaimed RR Line P15 17.2 2654
Level P5 17.1 839

Shoulder P1 17 2178
Upper-Level P10 17 2871
Mid-Slope P7 16.7 2079

Level P9 16.6 2173
Toe-Slope Depression P12 16.5 1256

Saline Depression P4 16.3 1507
Saline Depression P13 16.3 1465

Mid-Slope P2 16.2 2820
Upper-Slope P16 16.1 2264
Upper Level P8 15.8 2506

Mid P11 15.2 3122
Toe-Slope P3 14.5 3004 Hildebrand, 2014



Wheat VR N Strategy based on Canola 
& Pea Protein: Yield Relationship

-20%

+20%

+40%

Constant Rate 50 kg N ha-1

Hildebrand, 2014



Canola VR N Strategy based on 
Wheat Protein: Yield Relationship

-20%

-30%

+20%

-20%

+40%

Constant Rate 60 kg N ha-1

Hildebrand, 2014



Field Operations 2013



Field Area 3
Wheat 2013

Field Area 2
Wheat 2013

Field Area 1
Canola 2013



VR Prescription Editor

Constant Rate

Constant Rate



Wheat on Canola Stubble

Control

Varied N Rates



Precipitation

Rainfall (mm)
Month 2011 2012 2013
April 3 26 6
May 38 116 29
June 11 109 82
July 52 37 54
Aug 53 26 60
Sept 6 4 42
Oct 27 0 0

Total (mm) 190 318 273
Total (inches) 7.6 12.7 10.9



Control N Rate Varied N Rates

Wheat on Pea Stubble Transect 1

N
July 3/2013



Wheat on peas transect 1

Harvest 2013 Data

Canola on wheat transect 1
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Canola Yield All Treatments

Hildebrand, 2014

Canola Protein All Treatments



Canola Protein by N Treatment

Hildebrand, 2014

Canola Yield by N Treatment



Field Area 2
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Wheat on Canola Stubble Yield All Treatments

Wheat on Canola Stubble Protein All 
Treatments

Hildebrand, 2014



Wheat on Canola Stubble Protein By 
N Treatment

Wheat on Canola Stubble Yield By N 
Treatment

Hildebrand, 2014
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Wheat on Pea Stubble Yield All Treatments

Wheat on Pea Stubble Protein All Treatments

Hildebrand, 2014



Wheat on Pea Stubble Protein By 
N Treatment

Wheat on Pea Stubble Yield By N 
Treatment

Hildebrand, 2014



Relationship of Canola Yield and Protein to 
Soil Properties

Canola: Soil Relationships 2012 2013 2013
Base Year Variable N Constant N

Yield Protein Yield Protein Yield Protein
Organic carbon (%)

(0-30 cm)
ns r=0.65* ns ns

r=0.57
*

ns

EC (dS m-1) 
(0-30 cm) 

ns ns r=0.51* ns ns ns

2013 Soil Moisture Spring  
(30-60 cm)

ns ns ns ns ns r=-0.50*

* indicates significant correlation at p < 0.05

Hildebrand, 2014



Relationship of Wheat Yield and Protein to 
Soil Properties

Wheat: Soil Relationships 2012 2013
Base Year Wheat on Canola Stubble Wheat on Pea Stubble

Variable Constant Variable Constant
Yield Protein Yield Protein Yield Protein Yield Protein Yield Protein

Organic Carbon (%) 
(0-30 cm)

0.74* ns 0.51* ns ns ns ns ns ns ns

EC (dS m-1) 
(0-30cm) 

ns 0.51* ns ns ns ns -0.52* ns -0.51* ns

2013 Soil Moisture Spring
(30-60 cm)

ns ns ns ns ns -0.60* ns ns ns
ns

* indicates significant correlation at p < 0.05 Hildebrand, 2014



Did protein help create N zones?

 Increasing N rates:

 Generally a positive yield and protein response where 
previous crop was low or medium protein

 Low and medium protein good indicator that more N was 
required

 Decreasing N rates:

 Generally a negative yield and protein response where 
previous crop was high protein

 High protein a less reliable indicator that N could be 
reduced

Hildebrand, 2014



Conclusions

 Average yield and protein across the landscape in varied 
N rate and constant N rate were similar

 Since similar total amounts of N fertilizer were used in 
each, no difference in economic return

 Same results for each crop

 Prescription approach needs refining?

 What can be improved?

 Be careful about reducing N rates in a VR prescription!

Hildebrand, 2014



Further Thoughts & 
Considerations

 What is the right rate?

 Depends!

Right 
Rate

 Value of fertilizer
 Value of crop
 Grower risk tolerance

 Size of the field area 
 Cost of sampling
 Confidence in sampling
 Cost of prescription

 Available water
 Soil Texture
 Soil pH
 Soil EC
 Heat Units
 Relative to other nutrients

Unknown in advance

Be aware of data variability; are differences significant?



More Information
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Thank You!
Questions?

Elliott Hildebrand, PAg, MSc, CCA
elliotthildebrand@westernag.ca

1 (306) 280 2946 (cell)



References

 Engel, R., Long, D., Carlson, G., and Meier, C.  1999.  
Method for precision nitrogen management in spring 
wheat: I.  Fundamental relationships.  Precision 
Agriculture. 1.  327-338.  

 Ayres, K.W., D.F. Acton, J.G. Ellis.  The soils of the Swift 
Current Map Area 72J.  Saskatchewan Institute of 
Pedology.  1985. Extension Division, University of 
Saskatchewan.  Extension Publication 481.  

 Hildebrand, E.  2014.  Relationships among soil 
properties, crop yield, protein, and response to nitrogen 
fertilizer application in an undulating landscape in south 
central Saskatchewan.  MSc thesis.  University of 
Saskatchewan, Saskatoon, SK.


