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Introduction

o 4-years funded project by Alberta-Innovates and Agriculture Funding
Consortium:

Overall goal to assess nutrient-smart, climate-smart, and water-smart
crop production in Alberta

o Collaboration/partner support:
- Academics
- GoA (Agriculture and Irrigation)
- NPARA (North Peace Applied Research Association)
- BRRG (Battle River Research Group)
- AAFC (Agriculture Agri-Food Canada)




2026-03-05

Climate warming and drought reality in Alberta

Rapid warming: average temperature has increased by approximately 1.9°C
since the mid-1990s, nearly triple the global rate (Busi & Lemmen, 2019; PARC, 2024)

Hydrological shifts: Shorter winters and reduced winter snowpack lead to

earlier spring melts, causing water deficits during peak summer demand (Sauchyn et
al., 2020; Huang et al., 2023)

Extreme weather: Increasing frequency of "droughts" and prolonged dry

spells are shifting the province toward a more semi-arid climate profile (zccc,
2024)

Yield volatility: Moisture stress (Government of Alberta, 2024)
Livestock Vulnerability: forage (Agriculture and Agri-Food Canada, 2023)
Economic risk: multi-billion dollar insurance payouts and GDP losses (StatCan, 2023)

Adaptation strategies: Irrigation?

(1) Provides a "buffer" against climate variability, ensuring consistent food production
during extreme dry spells (Go4, 2023)

(2) Crop Diversity: reliable water access allows for high-value crops that support local
processing industries (Go4, 2024)

“Strategy Measures for Future: 2024/2025” report: Water quality, nutrients, in addition to
water use efficiency.

Water and phosphorus (P) are among the most critical and tightly coupled
resources governing crop productivity in agroecosystems
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The “Cold Region soil P” paradox Lake Winnipeg eutrophication

Mid-to-high latitude cold regions: global
breadbasket, key supplier for wheat, barley and
canola.
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Why soil P important: major element for plant
growth, such as energy transfer and cell structure.
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* Two major trends for soil P: accumulation and
depletion.

Remaining mineable P reserve (%)

(Periuelas et al., 2013, Stackpoole et al., 2019; Van Meter et al., 2021) Projected depletion of minetal P

Soil P is controlled by many processes

Many studies reveal relation between soil P and these processes:

(1) Hydrological processes (2) Crop physiological processes
* Soil temperature » Stomatal conductance
* Soil moisture * Photosynthesis
* Snowmelt * Evapotranspiration
(4) Soil biogeochemical & (3) Agricultural management
physical » Tillage
* Texture * Residue processing
* Hydraulic conductivity  Fertilization

(Macrae et al., 2023a, 2023b; Liu, et al., 2019; Tian et al., 2023, Rocabruna et al.,
2024, Khalili et al., 2021).

Research Gap: understanding feedback mechanism between all these key processes and
how they play role in regulating soil P trends in cold-region agricultural watersheds are
limited! 6
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Study area: Red Deer River Basin (RDRB)

Nelson River Basin:
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o Watershed area: 47,000 km?
o Elevation: 574 -1700 in the
croplands, up to 3280 m in the

o Temperature: —25 - 35 °C
year-round; 2 - 34 °C growing

o Precipitation: 400 mm year-
round; 250 mm growing season
Snowmelt: plays a vital role in
supplying water needs early in

+ R S South Dakota . - R
e gy — the growing season in RDRB
SS o . ¢ o Soils: black soils, the most
SO productive soils
s . o Crop type for this study:
i rainfed Canola
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Annual crop yields: 17 counties

Monthly streamflow: 8 stations

Daily soil temperature: 8 sites
50mm, 200mm, 1000 mm

Daily soil P measurements: 8 sites = H

Model reliability: calibration-validation (1993-2016)
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Results: Long-term soil P trends across regions

17 countries across RDRB
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With a similar P fertilizer application rates, three different P trends were found
across counties: Increasing, Decreasing, Stationary
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Soil P(kg/ha per year)

Results: Long-term soil P trends across regions
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How soil P pattern relates to soil moisture
and soil temperature?
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Soil moisture and temperature role

* Dryer and warmer soils tend to accumulate soil P; wetter and colder soils
tend to deplete soil P.

* Increasing soil P group tends to export more soil P.

* Major soil P export pathway is plant uptake.

Soil moisture (mm) Soil Temperature (°C) Soil P export (kg/ha per year)
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Do changes in winter hydrologic processes
play a role?
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Changes in snowmelt
timing: 1993-2000 and
2001-2016

Snowmelt timing shift
about 2 weeks towards
earlier

»

Mann-Whithey test significance: *** p<0.001, ** p<0.01, * p<0.05
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Winters are getting warmer among all county groups (and more among

accumulating group) = can potentially impact microbial activity and P

release
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Winter soil freeze-thaw cycles: decadal change
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Summary

* Primary driver: soil moisture availability is dominant control over long-term soil P
trends, governing plant uptake.

* Key finding: counties with similar fertilizer inputs showed divergent P trends:
moisture-limited counties accumulate soil P, moisture-sufficient counties experience P
depletion.

*  Winter P mobilization: secondary to plant uptake. Enhanced P mineralization and
mobilization through increasing frequency of soil temperature and phase-change
cycles.

* Snowmelt timing: occurred earlier, amplifies P export. Not sufficient to counter soil P
accumulation. However, it is significant for downstream water quality.

Implications for expansion of irrigation?

Adding more water (irrigation) may improve

productivity via physical and biological
mechanism

But:
In dry environments, soils are commonly
calcareous and alkaline

How soil P (added fertilizer & irrigation)
react with Ca and form low-soluble P-Ca

minerals ? = more accumulation ? = legacy
effect ?
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Key reference:

2026 — Soil phosphorus isn’t just about fertilizer, it’s about water. News Article, Red Deer River Watershed
Alliance, January 09: https://rdrwa.ca/2026/01/09/soil-phosphorus-isnt-just-about-fertilizer-its-about-water/

2026 — Huang, Y., Qi, J., Mezbahuddin, S., Dyck, M., MacKenzie, M. D., Faramarzi, M., Effects of soil
moisture and winter hydrologic processes on soil phosphorus accumulation and loss in canola croplands of cold-
region watersheds. Science of the Total Environment, 1010, 181051. DOIL:
https://doi.org/10.1016/j.scitotenv.2025.181051
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