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• How much water do crop 
use and where does it 
come from?

• How, and by how much, 
can we mitigate water 
related production 
impacts with 
management practices?

• What are the ag-water 
prospects for 2024?

Outline
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Ag-Water 
Balance



𝑊𝑈𝐸 =
𝑐𝑟𝑜𝑝 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝑐𝑟𝑜𝑝 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑒
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•

•
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Water Use 
Efficiency



Environmental 
Factors vs WUE
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Beadle and Sands (2005)



Transpiration 
paradox

•

•



Energy limited

•

•



Water Limited

•

•







Seasonal
Agronomic WUE
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•
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Harder et al. (2023)



Has WUE changed over 
time?

• Agronomic water use 
efficiency (bu ac-1 in-1) 
published from studies in 
the Canadian Prairies.

• Large ranges in reported 
values

• Variable conditions

• Water balance approach 
limitations

• Lentils have made huge 
gains due to an increased 
harvest index.

Crop Observed Literature

Mean Mean Min Max

Barley 4.9 4.8 2.4 7.6

Wheat 3.9 4.0 2.1 9.1

Canola 2.7 2.2 0.9 4.1

Lentils 4.6 1.8 1.0 2.3

Peas 7.3 3.2 0.2 11.0

Corn 7.8 17.1 5.5 30.3

Sources for Barley: Azooz and Arshad, 1998; Gan et al., 2000; Henry, 1990, Wheat: Angadi et al., 2008; De Jong 

and Cameron, 1980; Gan et al., 2000, 2009; Henry, 1990; Hu et al., 2015; Jefferson and Cutforth, 2005; Miller et al., 

2002, 2001; Wang et al., 2007, Canola: Angadi et al., 2008; Azooz and Arshad, 1998; Cutforth et al., 2006; De Jong 

and Cameron, 1980; Gan et al., 2009; Henry, 1990; Hu et al., 2015, Lentils: Angadi et al., 2008; Cutforth et al., 

2002; Miller et al., 2002, 2001, Peas: Angadi et al., 2008; Cutforth et al., 2002; Gan et al., 2009; Miller et al., 2002, 

2001, Corn: Green and Read, 1983; Guyader et al., 2018, and Forage: Elliot and Efetha, 1999; Jefferson and 

Cutforth, 2005



Prairie Ag-Water 
Balance

•

•

•



Growing Season Water Balance

Harder et al., submitted



Seasonal Water Balance

Harder et al., submitted



Management 
Opportunities



Blowing Snow 
Processes

•

•

•

•



45 cm Wheat Stubble 15 cm Wheat Stubble



Pomeroy and Gray, 1993

Harder et al, 2019

Snow 
Management 
with Stubble

• Increasing surface 
roughness suppresses 
blowing snow

• Influence varies with 
local climate



Stripper 
Stubble
•

•

Elrose Feb 9

Stubble height (cm) Snow depth (cm) Density (kg/m3) SWE (mm) Snow-Soil Temp (°C)

Durum 25 23 235 53 -5

Tall Canola 30-45 29 251 73 -5

Stripper Canola 90 34 227 78 -2

Consort AB Mar 13

Lentils nil 18 233 41 -5

Wheat 75 46 238 110 -2

Snow accumulation on adjacent stripped vs conventional durum stubbleGrowth on adjacent stripped vs conventional durum stubble (Matthew Gould)



Frozen Soil 
Infiltration

•

•

Mohammed et al., 2018



Frozen Soil 
Infiltration

1. Unlimited (predominantly gravity 
flow): soils are capable of 
infiltrating most or all available 
meltwater.
Dry, cracked, coarse, or permeable soils

2. Restricted 
Infiltration restricted by an impervious 
surface such as a basal ice lens or saturated 
soil (“concrete frost”)

3. Limited (predominately capillary 
flow): 
Function of fall soil moisture content and soil 
temperature at the start of snowmelt and the 
duration of snowmelt.

Gray et al., 2001



Snow and Ag Practices: 
Residues

• Complex water and energy 
interactions

Canola Stubble
Cereal Stubble

Worked in Fall



Crop residues and 
soil evaporation

• Residues serve to:
• reduce energy at soil surface
• disrupt the water vapor gradient between 

soil and atmosphere
• Observed to reduce soil evaporation between 

10-65%
• 5% ↓in E for every 10% ↑cover

• Tillage increases soil evaporation by disrupting 
drying front and mechanically moving moisture 
to surface
• Dependent on soil moisture situation
•  Up to 15 mm H2O loss/pass



Ag-Water 
Interactions
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Ag-Water 
Interactions
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Spatial 
Variability…



Spatial and Temporal Variability of Water



SWAT WATER – What’s going on?



Plant Available Water- Spring



Plant Available Water- Harvest



Plant Available Water- Fall



Fall Moisture Deficit



Crop Water Use Efficiency

𝑊𝑈𝐸 =
𝑌𝑖𝑒𝑙𝑑

𝐶𝑟𝑜𝑝 𝑊𝑎𝑡𝑒𝑟 𝑈𝑠𝑒

•



VR Intercrops and Seed Rates
Colin Rosengren, Midale SK

• Align crop types and 
density with crop available 
water

• Lentils dominate hills and 
canola in depressions

Let’s farm for the variability of the landscape!



How, and by how much, can we 
mitigate water related production 
impacts with management 
practices?

• Ag-water response in Canadian Prairies
• Defined by complex WUE interactions
• Primarily driven by water availability and 

evaporative demand
• Opportunities

• Optimisation of fertility to soil water 
status/potential which requires information
• Increased efficiency

• Ag management practice optimisation of stubble 
and residues to increase water availability
• Increased production - 0 to 50%

• Many spatial management opportunities for ag-
water optimisation
• Increased efficiency



2024 
Prospects

•

•

•

•



2024 Prospects
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2024 Prospects
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2024 Prospects

•

•
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2024 Prospects

East Central SK in February 2023. Photo credit Joe Widdup
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•

•

•



Questions!

phillip.harder@swatmaps.com
@harder_water
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