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2019 is the 350th anniversary of the discovery of 

phosphorus by Hennig Brandt in 1669



Public Concern About Agricultural Nutrient and

Water Management is Increasing



Increased frequency and severity of problems:  

eg. fouled swimming beaches

Grand Beach, Aug 19/06 (Lori Volkart)

UNEP 2011 Annual  Report



“Eutrophication” 

occurs at very 

low conc’ns of P 

(0.02-0.50 mg/L or 

20-50 ppb)

Main Problem:  Excess P and “Algae”

• Blue-green “algae” 
(cyanobacteria)

• Oxygen Depletion

• Fish kills

• Nerve and Liver Toxins

• Livestock & wildlife 
mainly at risk

Photo:  Fisheries & Oceans Canada

No P added

P added



Province-Wide 

Moratorium on New 

or Expanded Hog 

Farms introduced 

in 2011

• supported unanimously 

by all gov’t and 

opposition MLAs



Province wide ban on new or expanded hog farms 

removed by Bill 24, November 2017 

(Wpg. Free Press Nov. 16, 2017)



Wpg Free Press Dec. 1, 2017

More restrictions on 

agricultural drainage 

are probably coming …



• Water quality in Lake 

Winnipeg reflects 

many human and 

natural events in its 

watershed (eg. 

climate change)  

which is 40 times 

greater than the 

surface area of the 

lake.

• Some areas in the 

basin have more 

impact on Lake 

Winnipeg than others, 

eg. Red River Basin

Where does Lake Winnipeg’s P come from?

Red River Basin



Contributions of Water and Phosphorus 

from Lake Winnipeg’s Sub-Basins

62% of P

11% of P

26% of H2O

11% of H2O
45% of H2O

4% of P



Long term water flows:  

1910 – 2000
(Hesslein 2005)

Red Water
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Ideally, P concentrations should be < 0.05 mg/L, but:

• Red River averages between 0.10-0.45 mg P/L; 

Assiniboine R. 0.10-0.40 mg P/L

Jones, G. and Armstrong, N.  2001.  Long term trends in total nitrogen and total phosphorus concentrations 
in Manitoba streams.  Manitoba Conservation Report No. 2001-07.

0.05 mg/L threshold for eutrophication



Concentrations of P are increasing in the 

Souris and Assiniboine Rivers

Source:  Central Assiniboine Integrated Watershed Management Plan Water Quality Report 



Where does the P in the 

rivers come from?



P loading to Lake Winnipeg and other Prairie water bodies 

comes from many relatively small sources
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Lake Winnipeg’s P comes from many relatively 

small sources 

Manitoba Water Stewardship.  2006.  Questions and Answers:  Water Quality 

Management Zones for Nutrients (data are estimated for 1994-2001)

Sources of P that originate in Manitoba

Sources of P that originate in Alberta, 

Saskatchewan, Ontario, Montana, North 

Dakota, South Dakota and Minnesota

X X



Winnipeg Free Press Editorial Page, January 30, 2010

The “Blame Game” … 



Winnipeg Free Press ... Friday December 6, 2019



Average P losses from ag. land are small but significant

However, low runoff volumes result in high P conc'ns in water (200-1000 

ppb) ... much higher than the threshold for algae growth (20-50 ppb) ... so 

small agricultural losses cause large water quality problems.

eg. Assiniboine R. watershed

• Total P load/year: 

– 600 T P or 3 M lb P2O5

• Watershed area:

– 38 million ac

• P loss 0.08 lb P2O5/ac/yr

• Crop removal ~ 25 lb/ac/yr

• Loading equivalent to < 0.3 

% of crop removal 



How can agriculture 

reduced its share of P 

loading to surface water in 

the Prairies?



Sources and Transport Processes that 

Move Agricultural P to Surface Water

Source:  Sharpley et al. 1999

*



Dr. Andrew Sharpley’s research site in 

Pennsylvania … where most P is particulate P 

lost by erosion

Wet (1200 mm precipitation/year)

+ Warm (most of the runoff is from rainfall)

+ Steep slopes

=  High risk of water erosion



Prairie watersheds produce 80% of their runoff 

during snowmelt … with little erosion … and most 

P loss is in dissolved forms

Dry (< 500 mm precipitation/year)

+ Cold (most runoff is from snowmelt, over 

thawing vegetative residues and frozen soil

+ Flat topography

=  Low risk of water erosion



Runoff and nutrient transport:   Most P loading 

to Lake Winnipeg occurs during snowmelt

Lake Winnipeg Stewardship Board Report, December 2006

Monthly Total P Loading in Red River at Selkirk (1994-2005)
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What are the differences 

between rainfall runoff and 

snowmelt runoff processes for 

P loss in the Prairies?  



Snowmelt:  No 

Splash & Little 

Infiltration

Few or No Near- and In-

Stream Processes??Shallow Effective Depth 

of Interaction (< 2.5 cm)

Soil Erosion:  

(Particulate P)

Snowmelt Runoff System for Nutrient Loss  

Frozen Soil?

Little P Leaching and 

Subsurface Runoff  in 

Most Areas

Release of soluble P 

to runoff from soil 

and veg. residues

Surface Runoff:  

(Dissolved P)

Dead or dormant 

vegetation in fields and 

buffers

Some Leaching In 

Depressions After Thaw 



Depth of interaction between runoff and soil is 

shallow during snowmelt over frozen soil 

Photos:  David Lobb
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Most of the phosphorus lost from Prairie fields is in 

dissolved, not particulate forms … especially at 

edges of fields and especially during snowmelt

Elliott et al. 2007



Erosion risk is not related to total P concentrations 

in rivers from 14 regional Manitoba watersheds

y = 0.0004x + 0.1568

R2 = 0.0004
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Eastern Manitoba landscape in late spring:

Red River Valley's closed basins show little erosion



Prairie "pothole" landscape in spring also reveals 

low rates of erosion in Western Manitoba

Photo:  M. Conly, National Water Research Insitute



How does the dominance of  

snowmelt runoff affect the 

performance of beneficial 

management practices 

(BMPs) that we generally use 

for controlling P loss in 

rainfall dominated runoff?



Source BMPs (nutrient mgmt. in field)

– Rate, placement, timing of manure and 

synthetic fertilizer application

Transport BMPs (soil & water mgmt.)

– Conservation tillage

– Vegetated buffers

– Cover crops and perennial forage

– Wetland conservation, constructed 

wetlands and small reservoirs … to 

manage water

What beneficial management practices 

(BMPs) do we expect farmers to use?



Effects of conservation tillage on water quality 

in South Tobacco Creek watershed:

decreased total nitrogen export by 68%

decreased sediment export by 65%

but P was a different story ...



South Tobacco Creek twin watershed study:

P loss from conservation tillage was greater than from 

conventional tillage ... because erosion of soil particles 

was a minor contributor to P loss in both systems

(Tiessen et al. JEQ 2010)
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Dissolved Phosphorus Released from Frozen & Thawed 

Vegetative Residues & Soil Collected in Late Fall at 

South Tobacco Creek, MB

Fall 2004
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- South Tobacco Creek watershed project, Kumaragamage et al. 2007



• The concentration of P from frozen/thawed vegetative 

residues extracted in 3.7 L water was approximately one half 

the concentration of P from residues extracted by using 1.85 L 

water

Effect of Water Volume or Flow on Dilution of Dissolved P 

from Frozen/Thawed Vegetative Residues

y = 0.5066x + 0.0873

R2 = 0.9678(P=0.001)
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Rotational tillage … intermittent tillage reduces 

P export during snowmelt during the tilled year
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South Tobacco Creek Model Watershed – Liu et al. J. Environ. Qual. 43:1679–1689 (2014)
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According to analysis of covariance, total dissolved and 

total P concentrations and loads in snowmelt runoff were 

reduced by 40-60% after fall cultivation

56%

42%

South Tobacco Creek Model Watershed - Liu et al. J. Environ. Qual. 43:1679–1689 (2014)



Fresh frozen green vegetative residues at greatest risk 

for simulated snowmelt runoff P losses

Elliott, J. 2013. Evaluating the potential contribution of vegetation as a nutrient source in snowmelt runoff. 

Can. J. Soil Sci. 93:435-443.

Leftover crop residues from 

harvested spring annual crops



Bechmann et al. 2006

JEQ 34:2301-2309

Freezing, thawing increases P loss from cover 

crops on manured soil:  USDA research in PA
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Perennial alfalfa forage (unfertilized) lost more than 2.5 times 

as much total P in snowmelt runoff than fertilized, 

conventionally tilled annual crops (8 site years)

Annual crop Perennial forage
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TP loss/ac up 160%

TP conc'n up 52%



Vegetated buffer strips in Manitoba 

not as effective as expected

Sheppard et al. CJSS 2006 (SE MB)

• VBS reduced runoff [TP] in 50% of cases, 

• increased P in 18%, had no effect in 32%

• overall average … only 4% reduction in runoff [TP]

Photo:  Steve Sheppard

Sheppard et al. 2011 &

Habibiandehkordi et al. 2017

• No significant reduction in 

P with VBS in 45 of 54 

seasonal measurements in 

Eastern-Interlake CD, 

Pembina Valley CD, and 

Little Sask. CD trials 



In-stream and near-stream processes (eg. vegetated buffers 

and biological uptake) are minimal during snowmelt

Photo:  David Lobb



Flow is often concentrated in only a small area of the buffer, 

overwhelming the nutrient retention system

Photo:  David Lobb





BMP effectiveness for reducing losses of dissolved P

(Sharpley, adapted from Gitau et al. JSWC, 2005)
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Nutrient mgt. plan (14)-40%

Riparian / strip 
buffers (34)-20%

Conservation
tillage (13)+5%
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Large dams and reservoirs: Saskatchewan River 

Tonnes P in/out/retained, Sept. 2008–Sept. 2009
Brian Parker (formerly with Environment Canada)
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Small dams & reservoirs reduce sediment and 

nutrient loading in Manitoba

eg. small reservoirs in South 

Tobacco Creek WEBS project 

reduced loads of:

– sediment (77%)

– TN (15%), TDN (14%)

– TP (12%), TDP (10%)

– mechanisms?

• relevance to natural or restored 

wetlands?

Source: Tiessen et al. 2011 JSWC 66:158-171



Targeted capturing of runoff … eg. from 

confined cattle overwintering areas can reduce 

farm watershed P loading substantially

Li et al. J. Envron. Qual. 2011

On the Steppler

farm in MB, BMPs 

reduced

P export in runoff by 

38% and

P concentration by 

32% ...

1/3 to 2/3 of the 

reduction due to 

holding pond … 

from 1% of area & 

4% of runoff



Integrated Water Management:

Offstream Drainage/Irrigation Reservoirs

Carl Classen ‘s farm reservoir near Elm Creek, MB 

for collecting surface & tile drain water for 

subsequent irrigation



Phosphorus Release from 

Submerged Agricultural Soils

• Many flooded 

agricultural soils 

release large amounts 

of P to ponded 

surface water if the 

soil becomes 

anaerobic

• Major implications for 

BMPs that “slow the 

flow” of water off ag 

land … eg. restricted 

drainage, constructed 

or restored wetlands
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Source BMPs (nutrient mgmt. in field)

– Rate, placement, timing of manure & 

synthetic fertilizer application

Transport BMPs (soil & water mgmt.)

– Conservation tillage

– Vegetated buffers

– Cover crops and perennial forage

– Wetland conservation, constructed 

wetlands and small reservoirs … to 

manage water

What beneficial management practices 

(BMPs) do we expect farmers to use?

?



BMP effectiveness for reducing losses of dissolved P

(Sharpley, adapted from Gitau et al. JSWC, 2005)
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buffers (34)-20%

Conservation
tillage (13)+5%
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Olsen soil test P is strongly related to soluble P 

concentrations in simulated runoff from coarse 

and fine-textured Manitoba soils
SRP vs Olsen P 0-30 minutes
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Soil test P is related to river P concentrations in 

14 regional Manitoba watersheds

Adapted from Salvano and Flaten.  2006.  Phosphorus risk indicators:  Correlation with water quality in Manitoba.  JEQ
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At high levels of STP, STP is strongly related to 

total P concentrations in runoff in Alberta 

Little, J.L, Nolan, S.C, Casson, J.P. and Olson, B.M. 2007.  Relationships between soil and runoff phosphorus in small Alberta 

watersheds. J. Envir. Qual. (2007).  Snowmelt > 90% of runoff, DP = 55 % of TP, Modified Kelowna STP extraction method.
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TDP x STP (0-100 ppm STP range)
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At low levels of STP, STP is not related to total P 

concentrations in runoff in Alberta

cultivated croplandnative rangeland near 

Stavely, AB

Native prairie near Ortonville, Minnesota 

yielded average of 0.5 mg/L TP in runoff 

where 80% of runoff was snowmelt ... 

rainfall runoff averaged 0.7 mg/L 

(Timmons & Holt JEQ 1977)

Typical Prairie 

STP value

eutrophication threshold

Little, J.L, Nolan, S.C, Casson, J.P. and Olson, B.M. 2007.  Relationships between soil and runoff phosphorus in small Alberta 

watersheds. J. Envir. Qual. (2007).  Snowmelt > 90% of runoff, DP = 55 % of TP, Modified Kelowna STP extraction method.



4R Nutrient Stewardship as a Strategy for 

Sustainable Agricultural Production

 Right rate

 Right source

 Right placement

 Right timing



P Rate:  Balancing P application with crop 

removal is essential for sustainable crop 

production and environmental protection

P 
Removal

eg. food & feed crops

P 
Application

eg. fertilizer & manure



Majority of Prairie Soils Are Deficient in P 

According to % Less Than Critical Level

International Plant Nutrition Institute 2016



Photo: Clayton Harder

Clayton Harder’s canola field, north of Wpg.
With and Without 40 lbs P2O5 + 12 lbs S/acre



Dr. Martin Entz’s long term organic rotation at U of MB 

demonstrates the importance of P replacement

Alfalfa + compost (P)

Alfalfa no compost (P)



Effect of legume green manures on long term wheat yields in SK

Cowell & Doyle 1993



P Placement:  Almost all fertilizer P in MB is banded 

under soil surface, in or near seedrow, at planting

Agronomically beneficial

Environmentally beneficial 

because P placed under 

soil surface after spring 

runoff



Runoff losses for 

banded vs. broadcast P 

applied at 100 lbs MAP 

(11-52-0) per acre in 

laboratory studies were 

50 times greater for 

broadcast P than for P 

banded 1 cm below the 

soil surface

(Smith et al. 2016)
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What’s the right placement for manure?

• Manure should be injected 

or incorporated, wherever 

possible … especially if 

applied in fall

• In MB, approx. 60% of 

solid manures and 83% of 

liquid manures are 

injected or incorporated 

(Stats Canada 2006)

– better agronomically

– less odour and risk of 

nutrient loss 

Photo: Rahman et al. 2005. Cdn. Biosys. Eng. 47: 6.9-6.16.



Timing of nutrient application

• Manure or fertilizer broadcast on frozen soil or snow is 

bad agronomically and environmentally (eg. Srinivisan

et al. 2006, Klausner 1976, Young & Mutchler 1976)

• In MB, winter application of manure prohibited for large 

livestock operations in 1999 and universally for 

manure and fertilizer in 2013

2013



• Phosphorus is essential for all forms 

of life

• Over the short and long term, we 

need to add P to cropland to maintain 

long term productivity

Summary and Conclusions

Alfalfa + compost (P)

Alfalfa no compost (P)



• Small amounts of excess P in 

runoff cause big problems with 

water quality

• Many small sources of P 

contribute to the problem

• Agriculture needs to find ways 

to reduce its share of the P load 

to surface water

September 3, 2006.  The largest area of 

algal blooms ever seen on Lake 

Winnipeg (G. McCullough, U of MB)

Summary and Conclusions, cont’d.



• Snowmelt runoff is the dominant form of runoff in 
many parts of the Northern Great Plains

• Processes and BMPs that control P loss in 
snowmelt runoff are not well known … but they are 
different from those that control P loss in rainfall 
runoff

Photo:  David Lobb

Summary and Conclusions, cont’d.



Source BMPs

• Many nutrient management BMPs are 

available and widely used (e.g., 4Rs - right 

source, rate, placement, timing of P 

fertilizer and livestock manure) 

• Aim for P balance, avoid high soil test P, 

avoid winter application of fertilizer and 

manure, avoid fall broadcast P fertilizer 

without incorporation

Summary and Conclusions, cont’d.



Transport BMPs

• Practical BMPs for intercepting nutrients in 

Northern Great Plains soils, landscapes and 

climate need more development

• If erosion is not the main cause of P loss, 

erosion control measures such as 

conservation tillage, perennial forage or 

vegetated buffers will do little to reduce P 

loss

• Careful selection and management of 

transport BMPs is required to avoid 

increasing P losses, partly because 

vegetation can be a P source, instead of a P 

sink, especially during snowmelt

Summary and Conclusions, cont’d.



Sustainability
Social

Economic

Environmental

Climate Change

Biodiversity & Natural 

Habitat

Nutrient & Water Use 

Efficiency

Soil Quality

Water Quality

TN, TDN, NH3, NO3
-+ NO2

-

TP, DP, PP

Sediments

Salts

Pathogens & Parasites

• Also, remember that P loss is only one of many objectives 

that agricultural practices must address to be sustainable

Summary and Conclusions, cont’d.
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