
financial hardship to Alberta's intensive
livestock industry, particularly the beef
feedlot industry. Having an adequate land
base to spread manure within a reasonable
distance from the feeding operation is
already a challenge for many confined
feeding operations. If the industry is forced
to move towards a phosphorus-based manure
management program, even greater land base
challenges will occur. These challenges will
be greatest for those geographic regions
where the historical development of confined
feeding operations resulted in feeding
operations being located relatively close to
each other. Providing a transitional funding
support program will reduce manure
applications on existing land by promoting
the transportation of excess manure greater
distances. In addition, it will promote the
significant benefits of manure to a greater
area of cropland in the province, and reduce
overall phosphorus losses to streams and
rivers.

that will minimize agriculture's impact on the
environment. Adoption of these practices is
more likely to be accomplished if producers
are informed of the issues and understand
their options for improving management
practices. Alberta Agriculture, Food and
Rural Development, in partnership with the
agricultural industry, should accelerate the
development of education and awareness
programs that will provide objective,
science-based phosphorus management
recommendations that producers can
implement for their specific operations. The
education and awareness program should
also work with crop producers throughout
Alberta to promote the significant
advantages of using manure as a nutrient
source.

Implementation of soil-test phosphorus limit
regulations could result in significant

7. Develop and implement a manure
management incentive program for Alberta
livestock producers.

62



ReferencesReferences



Alberta Environment (AENV). 1999.

Anderson, A.-M. 2006.

Battel, R.D. and Krueger, D.E. 2005.
43

Canada-Alberta Environmentally Sustainable Agriculture (CAESA). 1998.

Canadian Fertilizer Institute. 2001.

Carle. N. 2002.

Casson, J.P., Bennett, D.R., Nolan, S.C., Olson, B.M., Ontkean G.R., and J.L. Little. 2006.

Chambers, P.A., Guy, M., Roberts, E.S., Charlton, M.N., Kent, R., Gagnon, C., Grove, G., and Foster,
N. 2001.

Condron, L.M., Turner, B.L., and Cade-Menun, B.J. 2005.

Correll, D.L. 1998.
27

Dampney, P.M.R., Mason, P., Goodlass, G., and Hillman, J. 2003.

Depoe, S. 2004.

Depoe, S. 2005.

Depoe, S. and Westbrook, C.J. 2003.

Donoghue, W.F. 2001.

Surface water quality guidelines for use in Alberta. Published by
Environmental Sciences Division, Edmonton, Alberta, Canada.

Options on how to set phosphorus limits in runoff to protect water quality of
receiving water bodies. 10 pp. Alberta Soil Phosphorus Limits Project. Volume 5: Background
information and reviews. Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Barriers to change: Farmers' willingness to adopt sustainable manure
management practices. J. Extension : 12 pp. Article number 4FEA7.

Agricultural impacts on
water quality in Alberta: An initial assessment. CAESA Water Quality Committee. Published by Alberta
Agriculture, Food and Rural Development, Edmonton, Alberta, Canada. 95 pp.

Nutrient uptake and removal by field crops: Western Canada 2001.
Canadian Fertilizer Institute, Ottawa, Ontario, Canada. 2 pp.

Water Quality Monitoring Program 2000 annual technical report: Water quality monitoring
of small streams in agricultural areas. Prepared for the AESA Water Quality Committee. Published by
Alberta Agriculture, Food and Rural Development, Edmonton, Alberta.

Degree of
phosphorus saturation thresholds in Alberta soils. 40 pp. Alberta Soil Phosphorus Limits Project. Volume
3: Soil sampling, manure application, and sorption characteristics. Alberta Agriculture, Food and Rural
Development, Lethbridge, Alberta, Canada.

Nutrients and their impact on the Canadian environment. Agriculture and Agri-Food Canada,
Environment Canada, Fisheries and Oceans Canada, Health Canada and Natural Resources Canada. Hull,
Quebec, Canada. 241 pp.

Chemistry and dynamics of soil organic
phosphorus. Pages 87-121 J.T. Sims and A.N. Sharpley (eds.), Phosphorus: Agriculture and the
environment. Agronomy Monograph 46. American Society of Agronomy, Crop Science Society of America,
and Soil Science Society of America, Madison, Wisconsin, United States.

The role of phosphorus in the eutrophication of receiving waters: A review. J. Environ.
Qual. : 261-266.

Methods and measures to minimize
the diffuse pollution of water from agriculture – A critical appraisal. Final report NT 2507. Dep. For.
Environ., Food and Rural Affairs, Noble House, London, United Kingdom.

Water quality monitoring program 2002 annual technical report: Water quality monitoring
of small streams in agricultural areas. Conservation and Development Branch, Alberta Agriculture, Food
and Rural Development, Edmonton, Alberta, Canada. 59 pp.

Water Quality Monitoring Program 2003 annual technical report: Water quality monitoring
of small streams in agricultural areas. Prepared for the AESA Water Quality Committee. Published by
Alberta Agriculture, Food and Rural Development, Edmonton, Alberta, Canada.

Water Quality Monitoring Program 2001 annual technical report:
Water quality monitoring of small streams in agricultural areas. Prepared for the AESA Water Quality
Committee. Published by Alberta Agriculture, Food and Rural Development, Edmonton, Alberta, Canada.

Water Quality Monitoring Program 1999 annual technical report: water quality
monitoring of small streams in agricultural areas. Prepared for the AESA Water Quality Committee.
Published by Alberta Agriculture, Food and Rural Development, Edmonton, Alberta, Canada.

In

In

in

64



Flanagan, D.C. and Livingston, S.J. 1995.

Howard, A.E. 2006.

Howard, A.E., Olson, B.M., and Cooke, S.E. 2006.

Intensive Livestock Operations Committee. 1995.

Jedrych, A.T., Olson, B.M., Nolan, S.C., and Little, J.L. 2006.

Kalischuk, A.R., Paterson, B.A., Bennett, D.R., and Olson, B.M. 2006.

Kelsey, T.W. and Vaserstein, G. 2000.
55

Kim, S., Gillespie, and Paudel, K.P. 2005.
60

Mallarino, A.P., Stewart, B.M., Baker, J.L., Downing, J.D., and Sawyer, J.E. 2002.
57

Manitoba Phosphorus Expert Committee. 2006.

Manunta, P., Kryzanowski, L., and Keyes, D. 2000.

Nolan, S.C., Olson, B.M., and Hecker, F.J. 2006.

WEPP User Summary: USDA – Water erosion prediction
project. NSERL report no. 11. [Online] Available at
http://topsoil.nserl/purdue.edu/nserlweb/weppmain/wepp.html.

Agronomic thresholds for soil phosphorus in Alberta: A review. 42 pp. Alberta Soil
Phosphorus Limits Project. Volume 5: Background information and reviews. Alberta Agriculture, Food and
Rural Development, Lethbridge, Alberta, Canada.

Impact of soil phosphorus loading on water quality in
Alberta: A review. 41 pp. Alberta Soil Phosphorus Limits Project. Volume 5: Background information
and reviews. Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Code of practice for the safe and economic handling of
animal manures. Alberta Agriculture, Food and Rural Development, Edmonton, Alberta, Canada. AGDEX
400/27-2. 38 pp.

Calculation of soil phosphorus limits for
agricultural land in Alberta. 87 pp. Alberta Soil Phosphorus Limits Project. Volume 2: Field-scale losses
and soil limits. Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Managing phosphorus on Alberta
farms. 33 pp. Alberta Soil Phosphorus Limits Project. Volume 4: Economics and management. Alberta
Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Farming and non farming neighbors: Conflict, coexistence and
communication. J. Soil Water Conserv. : 462-466.

The effect of socioeconomic factors on the adoption of
best management practices in beef cattle production. J. Soil Water Conserv. : 111-120.

Phosphorus indexing
for cropland: Overview and basic concepts of the Iowa phosphorus index. J. Soil Water Conserv. : 440-
447.

Recommendations for regulating phosphorus from
livestock operations in Manitoba. Final report by the Manitoba Phosphorus Expert Committee to the
Manitoba Minister of Conservation. 32 pp.

Preliminary assessment of available soil P in Alberta:
Status and trends. Soil Quality Program, Conservation and Development Branch, Alberta Agriculture, Food
and Rural Development, Edmonton, Alberta, Canada. 64 pp.

A comparison of sampling methods for soil-test
phosphorus. 33 pp. Alberta Soil Phosphorus Limits Project. Volume 3: Soil sampling, manure application,
and sorption characteristics. Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta,
Canada.

In

In

In

In

In

J.M.,

Little, J.L., Nolan, S.C., and Casson, J.P. 2006.

MacMillan, R.A. and Pettapiece, W.W. 2000.

Relationships between soil-test phosphorus and runoff
phosphorus in small Alberta watersheds. 150 pp. Alberta Soil Phosphorus Limits Project. Volume 2:
Field-scale losses and soil limits. Alberta Agriculture Food and Rural Development, Lethbridge, Alberta,
Canada.

Alberta landforms: Quantitative morphometric descriptions
and classifications of typical Alberta landfroms. Technical Bulletin No. 2000-2E. Research Branch,
Agriculture and Agri-Food Canada, Semiarid Prairie Agricultural Research Centre, Swift Current,
Saskatchewan, Canada. 118 pp. [Online] Available at
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/sag6903?opendocument.

In

,

65



Oldman River Basin Water Quality Initiative. 2005.

Olson, B.M., McKenzie, R.H., Bennett, D.R., Ormann, T., and Atkins, R.P. 2003.

Ontkean, G.R, Volf, C.A., Bennett, D.R., Nolan, S.C., Chanasyk, D.S., and Miller, J.J. 2006.

Pierzynski, G.M., McDowell, R.W., and Sims, J.T. 2005.

Pote, D.H., Daniel, T.C., Sharpley, A.N., Moore, Jr., P.A., Edwards, D.R., and Nichols, D.J. 1996.
60

Province of Alberta. 2001.

Province of Alberta. 2004.

Qian, P., Liang, J., and Karamanos, R. 1991.

Riemersma, S., Little, J., Ontkean, G., and Moskal-Hébert, T. 2006.

Sharpley, A.N., Daniel, T.C., Sims, J.T., and Pote, D.H. 1996.
51

Sharpley, A., Foy, B., and Withers, P. 2000.
29

Sharpley, A.N., Kleinman, P.J.A., McDowell, R.W., Gitau, M., and Bryant, R.B. 2002.
57

Sharpley, A.N., Weld, J.L., Beegle, D.B., Kleinman, P.J.A., Gburek, W.J., Moore, Jr., P.A., and
Mullins, G. 2003.

58

Sharpley, A.N., Withers, P.J.A., Abdalla, C.W., and Dodd, A.R. 2005.

Shepard, R. 2005.
60

Sibbesen, E. and Sharpley, 1997.

Five year summary report. Oldman Watershed
Council, C/O Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Manure application
effects on soil and groundwater quality under irrigation in southern Alberta. Alberta Agriculture, Food and
Rural Development, Lethbridge, Alberta, Canada. 377 pp.

Phosphorus losses in simulated rainfall runoff from manured land. 71 pp. Alberta Soil Phosphorus Limits
Project. Volume 3: Soil sampling, manure application, and sorption characteristics. Alberta Agriculture,
Food and Rural Development, Lethbridge, Alberta, Canada.

Chemistry, cycling, and potential movement of
inorganic phosphorus in soils. Pages 53-86 J.T. Sims and A.N. Sharpley (eds.), Phosphorus: Agriculture
and the environment. Agronomy Monograph 46. American Society of Agronomy, Crop Science Society of
America, and Soil Science Society of America, Madison, Wisconsin, United States.

Relating extractable soil phosphorus to phosphorus losses in runoff. Soil Sci. Soc. Am. J. : 855-859.

Agricultural operation practices act. Published by Alberta Queen's Printer.
Edmonton, Alberta, Canada.

Agricultural operation practices act and regulations. Published by Alberta
Queen's Printer. Edmonton, Alberta, Canada.

Comparison of several extractants for available phosphorus
and potassium. Pages 91-100 Soils and Crops Workshop '91. Saskatoon, Saskatchewan, Canada. February
21-22, 1991.

Phosphorus sources and sinks in
watersheds: A review. 82 pp. Alberta Soil Phosphorus Limits Project. Volume 5: Background information
and reviews. Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Determining environmentally sound soil
phosphorus levels. J. Soil Water Conserv. : 160-166.

Practical and innovative measures for the control of
agricultural phosphorus losses to water: An overview. J. Environ. Qual. : 1-9.

Modeling
phosphorus transport in agricultural watersheds: Processes and possibilities. J. Soil Water Conserv. : 425-
439.

Development of phosphorus indices for nutrient management planning strategies in the
United States. J. Soil Water Conserv. : 137-152.

Strategies for the sustainable
management of phosphorus. Pages 1069-1101 J.T. Sims and A.N. Sharpley (eds.), Phosphorus:
Agriculture and the environment. American Society of Agronomy Inc., Crop Science Society of America
Inc., Soil Science Society of America Inc., Madison, Wisconsin, United States.

Nutrient management planning: Is it the answer to better management? J. Soil Water
Conserv. : 171-176.

Setting and justifying upper critical limits phosphorus in soils.
Pages 151-176 H. Tunney, O.C Carton, P.C. Brookes, and A.E. Johnston (eds.), Phosphorus loss from soil
to water. CAB International, New York, New York, United States.

In

in

in

In

in

in

A.N.

66



67

Soil Phosphorus Limits Committee and LandWise Inc. 2006.

Sosiak, A. 1996.

Stein, C. 1945.
16

Svederus, A., Olson, B.M., and Mapfumo, E. 2006.

Toma and Bouma Management Consultants. 2006.

Vadas, P.A., Kleinman, P.J.A., Sharpley, A.N., and Turner, B.L. 2005.

34

Whalen, J.K. and Chang, C. 2001.
30

Wright, C.R., Amrani, M., Akbar, M.A., Heaney, D.J., and Vanderwel, D.S. 2006.

35

Wright, R.C., Amrani, M., Jedrych, A.T., Atia, A., Heaney, D., and Vanderwel, D.S. 2003.

Phosphorus standards in Alberta: Potential
impacts on the agricultural industry. 57 pp. Alberta Soil Phosphorus Limits Project. Volume 5:
Background information and reviews. Alberta Agriculture, Food and Rural Development, Lethbridge,
Alberta, Canada.

Bow River synoptic surveys 1994-1995: Preliminary evaluation of results. Alberta
Environment, Calgary, Alberta, Canada.

A two-sample test for a linear hypothesis whose power is independent of the variance. Ann.
Math. Statist. : 243-258.

Soil-test phosphorus status in the Haynes Creek M1
subbasin. 77 pp. Alberta Soil Phosphorus Limits Project. Volume 5: Background information and
reviews. Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Economic analysis of soil phosphorus limits on farms
in Alberta. 82 pp. Alberta Soil Phosphorus Limits Project. Volume 4: Economics and management.
Alberta Agriculture, Food and Rural Development, Lethbridge, Alberta, Canada.

Relating soil phosphorus to
dissolved phosphorus in runoff: A single extraction coefficient for water quality monitoring. J. Environ.
Qual. : 572-580.

Phosphorus accumulation in cultivated soils from long-term annual
applications of cattle feedlot manure. J. Environ. Qual. : 229-237.

Determining
phosphorus release rates to runoff from selected Alberta soils using laboratory rainfall simulation. J.
Environ. Qual. : 806-814.

Phosphorus
loading of soil through manure application and subsequent transport with runoff: The P-mobility study.
Alberta Agriculture, Food and Rural Development, Edmonton, Alberta, Canada. 283 pp.

In

In

In



68



AppendicesAppendices



Kilometres

Appendix 1. Calculated soil-test phosphorus limit watershed maps for the main
drainage basins in Alberta

70

Calculated soil-test phosphorus limits in the 0 to 15 cm soil layer for the Athabasca River Basin
using a total phosphorus runoff water quality limit of 1.0 ppm.

Soil-test Phosphorus Limits
(ppm)



Kilometres

71

Calculated soil-test phosphorus limits in the 0 to 15 cm soil layer for the Battle River Basin
using a total phosphorus runoff water quality limit of 1.0 ppm.
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Kilometres

Calculated soil-test phosphorus limits in the 0 to 15 cm soil layer for the Peace River Basin
using a total phosphorus runoff water quality limit of 1.0 ppm.

Soil-test Phosphorus Limits
(ppm)
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Calculated soil-test phosphorus limits in the 0 to 15 cm soil layer for the Sounding Creek Basin using a
total phosphorus runoff water quality limit of 1.0 ppm.

Kilometres

Soil-test Phosphorus Limits
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Calculated soil-test phosphorus limits in the 0 to 15 cm soil layer for the South Saskatchewan River Basin
using a total phosphorus runoff water quality limit of 1.0 ppm.

Kilometres
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Appendix 2. Acronyms used in this volume.

AGRASID Agricultural Region of Alberta Soil Inventory Database

AOPA Agricultural Operation Practices Act

BMP beneficial management practices

CaCl -P calcium chloride extractable phosphorus

CAESA Canada-Alberta Environmentally Sustainable Agriculture

CFO confined feeding operation

DP dissolved phosphorus

DPS degree of phosphorus saturation

DRP dissolved reactive phosphorus

FWMC flow-weighted mean concentration

LRSAG Livestock Regulations Stakeholder Advisory Group

PP particulate phosphorus

PSC phosphorus sorption capacity

PSI phosphorus sorption index

STP soil-test phosphorus

TP total phosphorus

TPRWQO total phosphorus runoff water quality objective

TSS total suspended solids

WEP water-extractable phosphorus

2

81



Appendix 3. Glossary

Baseflow.

Beneficial management practice.

Biosolids.

Crop phosphorus removal.

Crop phosphorus requirement.

Dissolved phosphorus.

Dissolved reactive phosphorus.

Eutrophication.

Flow-weighted mean concentration.

Load.

Sorption.

Soil-test phosphorus.

Watershed.

Stream discharge or flow composed of groundwater drainage and delayed surface drainage.
Baseflow is typically characterized as that portion of stream flow not related to precipitation-induced runoff.

A management practices that have been determined to be the most
effective and practical in terms of production efficiency, environmental protection, and social acceptance.

Treated sludge or sewage sludge from municipal sewage treatment facilities. It is a slurry of
solids and dissolved solids often used as fertilizer.

Is the total phosphorus removed from a field in the harvested portion of the
crop.

Is the amount of added phosphorus a crop requires based on soil testing
and fertilizer recommendations.

Often referred to as total dissolved phosphorus (TDP). After filtration through a

0.45 m (micrometres) filter, the total phosphorus in the filtrate is measured, usually first by digesting a
sample of the filtrate. This will include dissolved inorganic and organic phosphorus. The phosphorus
fractions that passes through the filter are assumed to be dissolved and the fractions that do not pass through
are in particulate form.

The fraction of phosphorus that reacts with molybdenum-blue

colorimetric reaction after a water sample has been past through a 0.45 m filter.

Is the process whereby water bodies receive excess nutrients that stimulate excessive plant
growth. This enhanced plant growth, often called an algal bloom, reduces dissolved oxygen in the water
when dead plant material decomposes and can cause other organisms to die.

Flow-weighted mean concentration (FWMC) is calculated by
dividing the total mass or load of a pollutant by the total flow for a given time period. The FWMC is mass
normalized for flow.

Is the total amount or mass of a water quality variable passing through a stream during a given time
period, often seasonally or annually. A load reflects the combined contributions of surface runoff and
groundwater discharge from a specific watershed, as measured at a monitoring station.

The removal of an ion or molecule from solution by adsorption or absorption on to or in to
particulate material. It is often used when the exact nature of the mechanism of removal is not known.

The portion of soil phosphorus that is readily available for plant uptake and is
determined by extracting a soil sample with a aqueous extraction solution at room temperature. Also
referred to as plant available or mineral phosphorus.

The land area that contributes surface water drainage to a stream. The watershed of a larger
stream or river may encompass a number of smaller tributary subwatersheds.
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UNIT CONVERSIONS

Metric to Imperial

Area:

1 hectare (ha) = 2.471 acres (ac)

1 square kilometre (km
2
) = 0.3861 square miles (mi

2
)

Length:

1 kilometre (km) = 0.6214 miles (mi)

1 metre (m) = 1.094 yards (yd)

1 metre (m) = 3.281 feet (ft)

1 millimetre (mm) = 0.0394 inches (in)

Volume:

1 litre (L) = 0.220 imperial gallons (gal)

1 cubic metre (m
3
) = 1.308 cubic yards (yd

3
)

Weight:

1 kilogram (kg) = 2.2046 pounds (lb)

1 megagram (Mg) = 1.1023 tons (tn)

Rate or yield:

1 kilogram per hectare (kg/ha) = 0.8922 pounds per acre (lb/ac)

1 megagram per hectare (Mg/ha) = 0.4461 tons per acre (tn/ac)

Metric to Metric

1 hectare (ha) = 10,000 square metres (m
2
)

1 kilometre (km) = 1000 metres (m)

1 metre (m) = 100 centimetres (cm)

1 metre (m) = 1,000 millimetres (mm)

1 litre (L) = 1000 millilitres (mL)

1 megagram (Mg) = 1 tonne (t)

1 megagram (Mg) = 1000 kilograms (kg)

1 kilogram (kg) = 1000 grams (g)

1 gram (g) = 1000 milligrams (mg)

Concentration

milligrams per kilogram (mg/kg) = parts per million (ppm)

milligrams per litre (mg/L) = parts per million (ppm)

Unit Expressions

kg/ha is the same as kg ha
-1

mg/kg is the same as mg kg
-1

mg/L is the same as mg L
-1






