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Why is N:P Stoichiometry Important?

There is remarkable congruence between the chemistry of the 
deep ocean and the chemistry of phytoplankton in the surface 
ocean (Redfield, 1958).

N:P ratio (i.e., the Redfield ratio) may indicate the nutrient 
limitation status in surface waters (e.g., N:P > 16, P limiting; N:P < 
16, N limiting; Redfield, 1958).

N:P ratio may influence algal communities and bloom risks. 
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Aim to Understand Drivers for N:P 
Stoichiometry on the Canadian Prairies



N:P Ratios in Stream Flow
What are the drivers:
Climate?
Land use?
…?



Long-term Tillage Experiment

Conservation 
tillage: 

1997-2007, 2009

Conventional 
tillage: 

1993-2014

Grain crops



N:P Ratios Increase with More Intensive Tillage
Treatment Years

Fall N 
application



Tillage Affects Nutrient Accumulation in the Surface Soil

Soil Olsen-P (0-15 cm) Soil Nitrate-N (0-15 cm)

Tillage Index (greater value = less intensive) 

Tillage also affects nutrient losses from crop residues



Crop and Residue Impact on N:P Ratios

(Based on Elliott, Can. J. Soil Sci. (2013) 93: 435-443)

Snowmelt simulation



Nutrient Inputs: e.g. Winter Bale Feeding
Treatment site: 

cl. 60 cows for a month Nov.-Dec. 
in 2008, 2010, 2012

Control site: 
Canola – wheat rotation with no 

manure 2008-2014



Manure Inputs Shift N:P Ratios
Post-treatmentTreatment years

Manure 
“age” 

matters



Snowmelt N:P for All Monitored Fields in STC 
Multiple Regression Analysis (62 site-years)

Variable Partial R-Square Model R-Square p value
Tillage index in fall 0.24 0.24 <.0001

Residue handling 0.06 0.30 0.03

Soil P content 0.05 0.35 0.04

Soil N content -- -- N.S.

Snow water -- -- N.S.

Data-analysis in progress



N:P Ratios in Stream Flow



Potential Drivers for Stream N:P Stoichiometry
- Weather and Hydrology 

Snow water equivalence (cm)

Flow network
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Data-analysis in progress



Potential Drivers for Stream N:P Stoichiometry
- Agricultural Practices 

Data-analysis in progress
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A Systematic Driver – A Changing World

www.climatevulture.com

Agricultural intensification

Climate change

www.youtube.com



Management Impacts on N:P across 
Climate Gradients and Geophysical Regions

1
2
3

4

1. Canadian Prairies (Authors of this presentation)
2. Lake Erie Region (Merrin Macrae, University of Waterloo)
3. Chesapeake Bay Region (Peter Kleinman, USDA – Agricultural Research Service)
4. Baltic Sea Region (Helena Aronsson, Swedish University of Agricultural Sciences)
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