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Cold regions historically known to act as a sink for soil nutrients and P:

Plant residue, 
Animal manure, 

Fertilizer

Plant uptake, 
runoff, leaching, 

percolation, 
microbes, etc

Balance > 0

Storage - P
Sink

Input Output

o Low temperature

o Frozen soils

o Short growing season 

o Lower biological turnover

o Weak leaching

o Low hydrologic connectivity

Background:



Winter Spring

o Twice the rate of 

global warming

o More warming in the 

future

Observed changes: 1948-2016

Summer Fall

Government of Canada, 2019. Canada’s 

Changing Climate Report. 
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Map of World Croplands: USGS, 2015

Important share of global breadbaskets are located in mid-to-high 

latitude zone
Annual mean precipitation change (%) 
relative to 1850-1900

IPCC Assessment report 
6
https://www.ipcc.ch/report
/ar6/wg1/figures/summary
-for-policymakers/figure-
spm-5
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o Watershed area: 47,000 km2 

o Elevation: 574 -1700 in the 

croplands, up to 3280 m in the 

mountain

o Temperature: −25 - 35 °C 

year-round; 2 - 34 °C growing 

season 

o Precipitation: 400 mm year-

round; 250 mm growing season  

o Snowmelt: plays a vital role in 

supplying water needs early in 

the growing season in RDRB

o Soils: black soils, the most 

productive soils

o Crop type for this study: 

rainfed Canola

Study area: Red Deer River Basin (RDRB)

Hydrology

Soil group

Crop density

Nelson River Basin: 

one of the world’s major breadbaskets



o Soil and Water Assessment Tool – SWAT2012: 

hydrology, crop, management, watershed/regional

o Advanced features: 

o Soil nutrient cycling 

o Soil temperature module

o Plant growth module

Method: Process-based physical biogeochemical model
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Model reliability: calibration-validation (1993-2016)

Obs
Sim

Annual crop yields: 17 counties

Obs
SimMonthly streamflow: 8 stations

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

Daily soil P measurements: 8 sites 

AFSC data

Env. Canada data

GoA data

GoA data
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Results: Long-term soil P trends across regions

With a similar P fertilizer application rates, three different P trends were found 

across counties: Increasing, Decreasing, Stationary

Stationary trend Declining trend

Increasing trend

17 countries across RDRB



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. 

Soil moisture (mm) Soil Temperature (°C)

17 countries across RDRB



Do changes in winter hydrologic processes 

play a role?
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Winter soil temperature: decadal change (1993-2000 vs. 2001-2016) by 

percentile

Winters are getting warmer among all county groups (and more among 

accumulating group) → can potentially impact microbial activity and P 

release

Counties with 

Stationary P trend

Counties with 

Declining P trend

Counties with 

Increasing P trend
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Winter soil freeze-thaw cycles: decadal change

Soil freeze-thaw cycles 

are increasing → can 

potentially impact soil 

structure and P release 

over time

Counties with 

Increasing P 

trend

Counties with 

Declining P 

trend

Counties with 

Stationary P 

trend
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1993-2000 2001-2016 1993-2000 2001-2016 1993-2000 2001-20161. Earlier snowmelt

2. Warmer soils

3. More frequent freeze-thaw cycles

So far:



Do changes in winter hydrologic processes 

play a role in soil P dynamics?

1. Earlier snowmelt

2. Warmer soils

3. More frequent freeze-thaw cycles
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• Accumulating group 

tends to export more

• Depleting group tends 

to export less

Winter time soil P export 

through runoff: decadal 

change across counties
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Summary

• Key finding: with similar fertilizer inputs, drier and warmer counties accumulate soil 

P, wetter and colder counties experience soil P depletion.

• Primary pathway of soil P mobilization: plant uptake driven by the availability of  

soil moisture 

• 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.

Huang, Y., Qi, J., Mezbahuddin, S., Dyck, M., MacKenzie, M. D., Faramarzi, M. (2026). 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. DOI: https://doi.org/10.1016/j.scitotenv.2025.181051

https://doi.org/10.1016/j.scitotenv.2025.181051


o Climate change impact: elevated CO2, PCP, temp, etc

o What are implications to water management such as irrigation 

potentials?

o Implications to crop productivity and fertilizer applications and 

economic productivity?

Nutrient dynamics, such as soil phosphorus (P): a critical factor controlling crop 

productivity in agroecosystems 

Next steps:
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Watershed Science and 
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rzilab/key-publications/
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Thank You!
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Changes in snowmelt 

timing: 1993-2000 and 

2001-2016

Snowmelt timing shift 

about 2 weeks towards 

earlier 

Decadal change of snowmelt
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Many studies reveal relation between soil P and these processes:

Soil P is controlled by many processes

(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!

(1) Hydrological processes

• Soil temperature

• Soil moisture

• Snowmelt

(2) Crop physiological processes

• Stomatal conductance

• Photosynthesis

• Evapotranspiration

(4) Soil biogeochemical & 

physical

• Texture

• Hydraulic conductivity

(3) Agricultural management 

• Tillage

• Residue processing

• Fertilization



Climatic change impacts on soil P dynamics

Plant residue, 
Animal manure, 

Fertilizer
runoff, leaching, 

percolation, 
microbes, etc

Balance > 0

Storage - P
Sink

Input Output

o Low temperature

o Frozen soils

o Short growing season 

o Lower biological turnover

o Weak leaching

o Low hydrologic 

connectivity

How such warming, might 

affects soil P cycling and the 

distribution of source-sink 

areas and times?
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