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Phosphorus is Essential

Phosphorus is required by all or-
ganisms to live. Phosphorus in
soil supplies nutrients to plants,

which then feed animals. Humans get
phosphorus from plants, animals and
animal products. Phosphorus removed
from the soil must be added back to
replenish soil and to meet ongoing
demands.

Phosphorus makes up about 1% of
our total body weight and is required
for many functions including meta -
bolism. More than 80% of the
phosphorus in our bodies is found
in our teeth and bones as hydroxya-
patite, a calcium phosphate. At the
cellular level phosphorus is present
in nucleic acids, proteins, phospho-
lipids, nucleotides such as ATP, 
co-enzymes such as NADP and other
cell components. In plants, phospho-
rus plays a critical role in photosyn-
thesis, energy storage and transfer,
as well as in transferring a plant’s
genetic blueprint. 

Phosphorus up the food chain –
How much does it take?
Most organisms take up phosphorus
as inorganic phosphates. Only a
fraction of the total phosphorus in
soil is in a form plants can use 
(orthophosphate). Animals that eat
these plants only retain a small 
proportion of the total phosphorus
present. The rest is excreted. Most
of dietary phosphorus comes from

protein sources such as meat and
dairy products in the form of phos-
phates since our bodies can only
partially access the form of phos-
phorus in plants, phytate. Humans,
pigs and chickens lack the enzyme
phytase which converts phytate into
bioavailable forms. The total amount
of phosphorus that goes into pro-
ducing our food is much larger than
our actual daily requirements. All
the phosphorus we consume in ex-
cess of our needs or that our body
cannot use is excreted and ends up
in the sewage system.

Phosphorus balance is essential
for sustainability
Phosphorus in natural systems – 
a system in balance
In grassland-animal systems, plants
extract phosphorus from the soil
and grazing animals consume plant
phosphorus. Some of the phospho-
rus is retained in the animal but
most is returned to the soil surface
as manure. Some redistribution of
phosphorus within a landscape 
occurs in a natural system, but a
balance between output and input
of phosphorus in the soil is main-
tained.

Subsistence farming, where farmers
grow food to supply their family or
community, can be viewed as an ex-
tension of a natural system, particu-
larly if phosphorus in human and

animal waste is recycled within the
farm to replenish soil nutrients
taken up by crops.

Feeding Cities – a food
production system beyond the
natural system – balance lost
In Canada, farmers no longer feed
only themselves. They feed the
world. Phosphorus is exported to
cities as grains, meats, milk, eggs
and other agricultural products for

Figure 1. Daily phosphorus requirements of 
humans and various livestock raised on 
Canadian Prairies.

Phosphorus
Requirement

g P/day
Human – adult 0.7
Human – children/adolescents 1.3
Cow – dairy (lactating) 66
Cattle – beef 13
Poultry – broilers 0.6
Pigs – 50-80 kg 11.6
Pigs – 80-120 kg 12.3

Sources: Food and Nutrition Board; NRC 1994, 1996,
1998, 2001

Figure 2. Phosphorus content of certain foods
containing nutrient in a bioavailable form.

Phosphorus
Content

mg P/day
Beef, cooked 2.03
Chicken, cooked 1.82
Egg, whole large raw 1.92
Milk, 2% fat 0.93
Yogurt, plain nonfat 1.70
Cheese, mozzarella part-skim 5.32

Source: USDA National Nutrient Database
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food, fibre and fuel. Some of the
phosphorus exported from agricul-
tural land to urban areas is returned
to agricultural land as sewage
biosolids and some is returned
within agricultural areas as live-
stock manure. On the Canadian
Prairies, this pathway is small in
comparison to crop removal of
phosphorus. Net removal of phos-
phorus from the soil varies with
crop type and yield. Soil phospho-
rus must be replenished to balance
this mass removal of nutrient from
the farm and to continue to meet
urban demands. Even a soil with
high reserves will be depleted with
time if some phosphorus is not re-
turned to the soil. 

Re-establishing phosphorus
balance in today’s food
production system
Phosphorus removed from the soil
needs to be replaced over time in
order for agricultural soils to re-
main productive. The alternatives
are to replenish phosphorus on
highly productive agricultural land
or expand the amount of crop land
to include lower productive/more
environmentally-sensitive soils and
landscapes. The environmental risks

and costs need to be considered
when making these types of deci-
sions. It is better environmental
stewardship to replenish removed
phosphorus on soils well suited to
growing crops (pose low risk of
erosion, runoff, leaching, etc.) to
meet the demands for food and
other agricultural products. Produc-
tive lands are also less susceptible to
environmental loss of nutrients and
soil to surface waters if managed
properly.

How do we replace phosphorus
exported from the farm?
In the Canadian Prairies, phospho-
rus replacement sources for crop-
land are primarily inorganic
fertilizers from naturally formed
phosphate rock deposits. Additional
forms include livestock manures
and some treated human sewage
and biosolids. While true phospho-
rus balance within the entire food
production system would include
recycling phosphorus from our

Figure 3. The amount of phosphorus needed to
sustain human life is more than the amount
contained in the food we eat. It is the cumula-
tive amount of phosphorus that it takes to 
produce that amount of food. From what is 
required to grow the feed crop, the amount that
must be supplied to the animal to meet dietary
requirements (both plant and mineral sources),
to the amount in the portion of the animal we
consume, which is only a portion of the total
phosphorus contained in an animal. 

Figure 4. Phosphorus uptake and removal for typical crops grown on Canadian Prairies, based on
average yields.

Crop P2O5 removal
P2O5 uptake (harvested portion of crop)
per unit crop (lb/ac)

Alfalfa 13.8 lb/ton 69
Corn Silage 12.7 lb/ton 64

Grain 0.44 lb/bu 44
Barley Silage 11.8 lb/tom 53

Grain 0.42 lb/bu 34
Winter wheat 0.51 lb/bu 38
Canola 1.04 lb/bu 36
Grass hay 10.0 lb/ton 30
Oats 0.26 lb/bu 26
Rye 0.45 lb/bu 25
Spring wheat 0.59 lb/bu 24
Flax 0.65 lb/bu 16

Adapted from Nutrient Uptake and Removal by Field Crops, Western Canada, 2001. Compiled by the Canadian 
Fertilizer Institute.
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waste stream and animal waste and
agricultural by-product sources, this 
does not occur because of high
costs, health risk from contami-
nants and other challenges. Urban
centres commonly aren’t near agri-
cultural crop land. Livestock opera-
tions are commonly on land less
suitable for grain and oilseed pro-
duction. It’s more cost-effective to
manufacture and ship inorganic fer-
tilizer than transport the large vol-
umes of biosolids and manure
required to meet plant nutrient
needs. Other biosolid constituents
like toxic heavy metals also limit re-
cycling human and household phos-
phorus back to the land. Removing
phosphorus from the primary
human waste stream in a form suit-
able for crop production can be
cost-prohibitive in many cities. 

Research is being done to increase
nutrient recycling from livestock
and humans. However, in the Cana-
dian Prairies we have not yet devel-
oped a commercially viable means
of removing phosphorus from the
agricultural and urban waste

streams and converting this into a
fertilizer product that is suitable for
low cost shipment to areas of need.

Inorganic fertilizer is required to
maintain phosphorus balance and
good crop growth for most agricul-
tural soils on the Prairies. A large
proportion have low to medium
phosphorus availability. 

The balancing act – supply
phosphorus to meet require -
ments but don’t over apply 
Additions of phosphorus need to
approximate long-term removal from
the soil to sustain the food produc-
tion system. Soil does not contain
an inexhaustible supply, particularly
phosphorus forms that are available
to plants. Removal from the soil
without replenishment results in
phosphorus impoverished soils and
poor plant growth and quality.
Phos phorus additions must be man-
aged appropriately in all cases. This
means adding nutrients responsibly
and based on sound science. Excess
stores of phos phorus are susceptible
to loss to surface water. This bal-

ancing act is much more critical on
sensitive lands at a higher risk of
loss to the environment than on
productive soils.

On the Prairies, highly productive
agricultural land is usually less envi-
ronmentally sensitive. It is preferred
by farmers for a number of reasons:
higher economic returns and lower
risk. 

Although farmers manage phospho-
rus fertilizer for balance on these
soils, inputs in some areas exceed
removals. Removals exceed addi-
tions in others. With long term
over-supply of phosphorus, there is
a risk of nutrient transfer to waters.

Complete the cycle – we are all
part of the cycle
The welfare of the world’s people
depends on farmers being able to
supply affordable food in sufficient
quantities. There is a need to re-
plenish the phosphorus moving
from the farms to the cities. Inor-
ganic fertilizer provides the most
highly available phosphorus of all
fertilizer sources. It also provides
the greatest amount of control as 
to when and where that available
phosphorus is placed in the soil to
most closely match plant require-
ments for optimum growth and
productivity.

Figure 5. As an example of balancing phosphorus in cropland agriculture, in Manitoba over the last
40 years, additions of inorganic fertilizer have closely matched removals by crops and grasses. The
International Plant Nutrition Institute (IPNI) as part of a summary of annual crop removal and 
fertilizer additions to 2000, showed that the remainder of the Great Plains, including Alberta and
Saskatchewan ran a phosphorus deficit every year. Farmers are working to maintain balance.

Source: Adrian Johnston, 2005



The capacity of a soil to supply
nutrients depends on its natu-
ral fertility level, previous man-

agement and phosphorus retention
properties. If properly managed,
soil phosphorus is taken up by
growing crops or is retained. Loss
to the environment is minimized.

Phosphorus in soil – the many
forms of phosphorus
Phosphorus in soil can take many
different forms: dissolved, particu-
late, or somewhere in between. It is
in a constant state of flux, continu-
ally moving in and out of various
pools through paired reactions and
conversions. Soil phosphorus is ei-
ther organic or inorganic (mineral)
but that state can reverse.

A steady stream of organisms, plant
and animal residues feed the soil 
organic phosphorus pool. Soil 
inorganic phosphorus is made up 
of naturally occurring minerals,
mineralized organic phosphorus,
chemical associations (precipitates)
or from manufactured fertilizers 
applied to the soil. The form of in-
organic phosphorus in soil depends
on its mineral make-up and pH that
drive phosphorus reactions. Soil
phosphorus is most available at
neutral pH. In alkaline or high pH
conditions, it forms calcium or
magnesium phosphates; in acidic or
low pH, compounds with aluminum
and iron if these ions are present.

For plants to be able to use soil
phosphorus it must exist as or-
thophosphate. This soluble form, 
a small proportion, is also the most
reactive form of phosphorus. It 
continually forms new associations
with other constituents like cal-
cium, magnesium, iron or alu-

minium or adsorbed to soil sur-
faces. The phosphorus in soil solu-
tion is also the form most
susceptible to loss to the environ-
ment on the Prairies if not managed
properly.

Soil phosphorus pools and
processes – how soil phos -
phorus is held and released
Phosphorus in soil undergoes chem-
ical and biological reactions that
make it more or less available for

plant uptake or loss to the environ-
ment. Immobilization, precipitation
and adsorption processes bind
phosphorus, removing it from the
soil solution while mineralization,
dissolution and desorption transfor-
mations release phosphorus to the
soluble pool. Most of these
processes occur via the soil solu-
tion.

Phosphorus can be removed from
the soil environment by plant up-
take and by transport loss – wind
and water. While plants use phos-
phorus in soil solution, transport
vectors can remove both the nutri-
ent associated with soil particles
and with soil solution. Water is the
transport vector for dissolved phos-
phorus. Particulate phosphorus can
be carried away by wind or water
erosion. On the Prairies, it’s the dis-
solved form that accounts for most
phosphorus loss from agricultural
land. This occurs through snowmelt
or significant rainfall. Unfortunately,
it’s also the form (orthophosphate)
required by plants.  

The varying availability of
phosphorus
The amount of plant-available
phosphorus in Prairie soils is well
correlated to soil test phosphorus
(STP) which is based on analytical
soil tests. Phosphorus fertilizer is
routinely added to cropland to meet
crop requirements for optimal yield.
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Keeping Phosphorus in the SoilKeeping Phosphorus in the Soil
Figure 1. Paired conversions and reactions in soil – continuous and simultaneous
Microbial conversions:

Immobilization/Mineralization Conversion of inorganic phosphorus (mineral) to 
organic (plant, animal) phosphorus and vice-versa 

Chemical/physical reactions:
Adsorption/Desorption phosphorus held on/released from soil surfaces
Precipitation/Dissolution phosphorus forming new/released from old compounds
Phosphorus-mineral complexes phosphorus forming new/released from old complexes 

of varying solubility 



Many soils on the Canadian Prairies
were originally impoverished and
some continue to be low in plant-
available phosphorus despite fertil-
izer additions. 

The amount of available phosphorus
or STP depends on more than fertil-
izer additions and inherent fertility.
It also depends on the capacity of
the soil to remove this phosphorus
from solution and retain it in a less
available form. The risk of runoff
loss depends on both that capacity
and the degree of phosphorus satu-
ration. 

What happens when we add
phosphorus fertilizer to soil? 
Without regular phosphorus fertil-
izer additions, the soil solution con-
tains very small (almost negligible)
amounts of nutrient compared to
other pools. However, it is the most
important pool as plants obtain
their phosphorus from soil solution.
The phosphorus concentration of
the soil solution is balanced with
the nutrient in the various pools.
Phosphorus from other pools
quickly replenish the soil solution
phosphorus when used by plants. A
relatively constant concentration of
phosphorus is maintained. When
fertilizers are added, the soil solu-
tion phosphorus concentration is

dramatically increased for a short
period of time. This triggers nutri-
ent removal from soil solution via
retention and precipitation reac-
tions to re-establish the balance. 

Fates of fertilizer phosphorus
applied to soil
Transformations in soil
In Western Canada, the most com-
monly used inorganic fertilizers are
the forms that maximize nutrient
availability for plants. The most
available are the water soluble
form, granular and liquid ortho-
and poly-phosphate fertilizers
(granular monoammonium phos-
phate and liquid ammonium
polyphosphate). The granule affects
a very small volume of soil. Once
the granule disolves, the phospho-
rus begins to react with the soil,
forming calcium and magnesium
phosphates of increasing insolubil-
ity over time. Phosphorus fertilizer

can also be temporarily converted
to organic phosphorus by soil micro
organisms. Calcium phosphate
compounds, initially formed, are
more soluble than the native form
of inorganic phosphorus (apatite).
While they are more plant avail-
able, they can ultimately slowly
convert to apatite. Virtually all of
the added phosphorus remains near
the granule site. The bulk soil is
largely unaffected due to its high re-
activity and low mobility. The reac-
tions may be illustrated as follows,
see Figure 3.

Plant uptake
Plants take up phosphorus from the
soil solution as orthophosphate.
The amount and extent nutrient is
taken up by plants is a function of
available soil phosphorus level,
crop type, crop yield potential and
the growing conditions during the
growth periods of largest uptake. 
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Figure 3. The reactions may be as follows:

Highly water
soluble inorganic Granule Plant Octacalcium Plant Apatite
phosphorus dissolution Dissolution and uptake phosphate uptake minerals
fertilizer granule precipitation as 
applied to soil hrs/days dicalcium phosphate Weeks/months Months/years

1. Decreasing water solubility
2. decreasing benefit to plants
3. decreasing risk of transfer to water (as dissolved phosphorus)

Figure 2. The risk of losing applied phosphorus is low if the soil has a high retention capacity for and a low degree of saturation (a); however, the risk of
phosphorus transfer is high if the soil has a small retention capacity and a high degree of saturation (b) – even at the same application rate (adapted
from Flaten et al. 2003).



Fertilizer phosphorus performs best
during the first growing season but
can still potentially benefit future
crops. Phosphorus stays close to
where it is originally applied al-
though retention/release mecha-
nisms may change its properties.
Where large portions of phosphorus
removed by plants are returned to
soils as residues, manures, etc., the
fertilizer nutrient may be recycled
several times before it is ultimately
exported or removed from the field
in food products. 

Environmental loss
Carried away – how soil phosphorus
can end up in surface waters
There are two main pathways for
phosphorus to reach waterways:

Erosional transport: The soil is trans-
ported. Particulate phosphorus or
nutrient associated with soil parti-
cles, can be carried away with wind
or water erosion. 

Runoff transport: Water moving
across the landscape can transport
disolved phosphorus in the soil so-
lution. Increased duration of con-
tact of water with the soil can draw
more phosphorus into solution. 
Examples include surface ponding,
typically during snowmelt, or wa-
terlogged from excess precipitation. 

What drives phosphorus loss on the
Prairies?
To stop phosphorus loss, we only
have to be concerned with control-
ling erosion, right? Recent research
points to a different source/pathway
combination. While soil erosion is
the main loss pathway in more
humid and mild regions, runoff of
dissolved phosphorus is the primary
mechanism on the Prairies. The
greatest single phosphorus loss
event occurs during snowmelt as
dissolved phosphorus, accounting
for 80-90% of runoff. 

Tools for keeping phosphorus 
in the soil –4R Nutrient
Stewardship best management
practices (BMPs)
Right Source @ Right Rate, Right Time,
Right Place
For environmental sustainability,
phosphorus inputs should roughly

equal its removal from fields by
crops. Soils with phosphorus levels
in excess of crop requirements gen-
erally result in relatively large
amounts of readily-soluble nutrient
precipitates and a high percentage
of adsorbed sites saturated with
phosphorus. These soils will have
soil solutions with elevated phos-
phorus levels and pose increased
risk of nutrient transfer. Soils re-
ceiving annual phosphorus applica-
tions at crop requirement levels do
not have elevated nutrient concen-
tration in the bulk soil solution,
posing little increased risk. Main-
taining appropriate levels of phos-
phorus in soil solution is important
both from an agronomic and envi-
ronmental perspective.

Fortunately farmers have “tools”
they can use to minimize the risk of
loss to the environment – keep
phosphorus in the soil for plant use.
It’s good for the environment and
good economic sense. Prairie farmers
have long been regarded as stewards
of the land. Today this is even more
true with government and the 
consumer demanding sound envi-
ronmental practices on the farm
and on the land.
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The main concern of phospho-
rus entering surface waters is
the decline in water quality due

to eutrophication or excessive nutri-
ents. In Canada a water body is con-
sidered eutrophic at total phosphorus
levels between 35 and 100 µg total
P/L (parts per billion). 

The implications of
eutrophication
Humans, animals and plants, both
aquatic and terrestrial, all require
phosphorus to live. In the aquatic
environment, prolonged elevated
phosphorus can lower species diver-
sity – certain plant and animal
species thrive to the detriment of
others.  Excess phosphorus in water
causes excessive growth of algae
which reduces water oxygen levels
when decomposing, resulting in 
suffocation of fish and other aquatic
organisms and an unbalanced system. 

Algae can cover spawning beds
leading to a reduced diversity of

aquatic species and numbers of de-
sirable fish species and other aquatic
organisms. Increased turbidity or
water cloudiness limits light infiltra-
tion which can also negatively affect
aquatic plant species. This compro-
mises the ability of the aquatic sys-
tem to effectively remove nutrients
from the water. It also disrupts the
food chain.

Algal blooms are a nuisance, reduc-
ing the aesthetic and recreational
value of a water body. Large dense
mats often float along the water
surface and line the shores, making
swimming and other open water 
activities unpleasant. The cost could
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Phosphorus and Water Quality
An All Person Issue

Figure 1. Trophic levels for Canadian lakes and
streams based on trigger ranges of total phos-
phorus (Source Environment Canada 2004)

Trophic status µg TP/L
Ultra-oligotrophic < 4
Oligotrophic 4 – 10
Mesotrophic 10 – 20
Meso-eutrophic 20 – 35
Eutrophic 35 – 100
Hyper-eutrophic > 100

Phosphorus and Water Quality



range from lost income due to de-
pressed commercial fishing stock,
restricted recreational use, or ex-
pensive filtration and purification
to remove the unpleasant taste and
odour from contaminated drinking
water.

There are also instances where accel-
erated growth of cyanobacteria, or
blue-green algae, and an associated
production of neural and liver tox-
ins, can pose health risks and even
death to aquatic organisms or to live-
stock, pets, or even humans that con-
sume contaminated water.

Phosphorus is essential in
aquatic systems
In freshwater ecosystems phosphorus
is commonly the most limiting nutri-
ent. Its relatively low availability
keeps the growth of aquatic plants
and algae in check. Some phospho-
rus addition to surface waters can
greatly benefit an aquatic ecosystem.
In some aquaculture operations,
phosphorus is actually added to olig-
otrophic water bodies, which lack
plant nutrients, to favour growth of
certain desirable species. However,
when phosphorus is no longer limit-
ing, particularly with prolonged ad-
ditions, potentially detrimental algae
blooms can occur. 

Phosphorus is naturally present
in water 
The background amount of phos-
phorus in streams, rivers and lakes
is widely variable. This depends on
soil type, parent material, landscape,
vegetation and animal use-habits in
surrounding areas draining into the
watershed. The natural phosphorus
level in freshwaters can range from
very low or oligotrophic (<10 µg/L)
in areas of bedrock parent material,
such as in the Precambrian Shield, to
very high or eutrophic (35-100 µg/L)
in lowland areas of sedimentary
parent material where phosphorus

is naturally released from sedimen-
tary rock.

The phosphorus content of a major
river is a reflection of the cumula-
tive contributions from the entire
watershed. As an example of what
kind of area this can encompass,
the Lake Winnipeg watershed spans
about 953,000 square km from the
Northern United States (ND, SD,
MN and MT) and in Canada from
Alberta to Ontario.

Sources of phosphorus 
entering water – natural 
and anthropogenic
Phosphorus is transported with
water draining from surrounding
lands into rivers and lakes. As the
water moves overland and within
the soil it can pick up soluble phos-
phorus or carry along soil and other
particles containing the nutrient.
Soil phosphorus is made up of na-
tive soil phosphorus, derived from
weathering of phosphorus-contain-
ing parent material, recycled phos-
phorus from organic organisms, or
soil phosphorus derived from fertil-
izer. Soluble phosphorus released
from plant material can come from
riparian areas or transitional zones
near wetlands, native grasslands,
pasture or crop residues, both natu-
ral and man-made. Phosphorus
from both natural and anthro-
pogenic sources also enters water

bodies through rain and snowfall.
As well, phosphorus in household
and industrial waste can enter sur-
face waters. Within the freshwater
system, phosphorus is also slowly
released from sediments to replen-
ish nutrients removed by plants and
aquatic organisms.

Gradually increasing phosphorus
levels is a natural aging process for
lakes and rivers. However, urban,
agricultural, industrial and other
human activities have sped up this
process, causing a more rapid onset
of eutrophication or excess nutri-
ents in certain water bodies in the
Prairies, most notably Lake Win-
nipeg in Manitoba.

What’s the “Point”?
There are two general categories for
sources of phosphorus in water –
point sources and non-point
sources. Point sources, predomi-
nantly of human origin, include
phosphorus from cities, towns, vil-
lages discharged directly into water-
ways from household wastewater
and sewage and industrial activities.
Non-point sources include phos-
phorus from natural background
sources as well as human activities.
Natural sources include rain or
snowfall, runoff or erosion from
natural areas such as grasslands,
forests, riparian areas, and other
natural landscape or wild animals.
Soluble phosphorus is released from
dead vegetation, soil and animal
waste. Particulate phosphorus is
carried with soil particles and ani-
mal waste. Anthropogenic non-
point sources are associated with
activities that alter the natural land-
scape such as forestry, mining, live-
stock and cropland agriculture,
recreational land use, artificial
drainage systems, urban landscapes
and rural or cottage dwellings with
aging or inadequate septic fields. 
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Figure 2. Ranges of phosphorus concentrations
for select rivers in Manitoba.

Rivers and Tributaries Mean Total 
Phosphorus µg/L

Minimum 20
Maximum 460
Mean 160
Median 150
Adapted from Manitoba Water Stewardship (2006)

A number of surface waters on the Canadian
Prairies were inherently phosphorus-rich even 
before settlement and continue to be so today.



Fixed versus variable sources: 
A question of water flow
While point sources of phosphorus
are mostly constant, non-point
sources fluctuate corresponding to
seasonal variations. In the Prairies,
the majority of phosphorus loss
from landscapes (non-point) occurs
during spring snowmelt, the extent
driven by the quantity of snow and
rate of snowmelt.

Human activities accentuate
phosphorus loading
Human activities considerably alter
the quantity and rate of phosphorus
entering rivers and lakes. Alteration
of the landscape by clearing treed
areas and wetlands, farming live-
stock and crop land, building con-
crete and artificial landscapes, and
constructing artificial surface and
subsurface drainage pathways are
examples of anthropogenic non-
point or indirect sources of phos-
phorus loading to surface waters.
These sources could be local or
could originate several hundreds of
miles away. Direct outflow of mu-
nicipal and urban household/sewage
waste (treated and untreated) as well
as industrial waste are examples of

anthropogenic point sources of
phosphorus entering surface waters. 

The many faces of phosphorus
in agriculture
Agricultural sources of phosphorus
stem from alteration of the land
and include release of native soil
phosphorus and manufactured
phosphorus additions to agricul-
tural crop- and pasture-land. 

Phosphorus is naturally present in
soil, derived from the parent mate-
rial below and organic plant and
animal matter from above. As phos-
phorus is an essential nutrient for
plant growth, adequate levels of
available soil nutrients are essential
for healthy crop growth. Much of
this plant-phosphorus is harvested
for human and animal consumption
and not returned to the land. Crop-
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Figure 3. Estimated annual phosphorus loading
to Lake Winnipeg from Manitoba sources (1994-
2001) (Adapted from Lake Winnipeg Steward-
ship Board (2006)).

% Total P to Lake Winnipeg

atmospheric deposition 6%

Upstream 
Jurisdictions: 

US, AB, SK, ON
53%

present day 
agriculture 15%

natural background
and undefined

17%

Manitoba
Sources

point sources; cities,
towns, industries

9%



land agriculture slowly depletes soil
phosphorus reserves and must be
replaced to maintain productivity.
Phosphorus in soil is replenished
with the addition of inorganic or
organic (manure) fertilizers. In agri-
cultural systems, sources include
manufactured fertilizer, animal ma-
nures, crop residues and soil phos-
phorus. The amount and forms of
nutrients depend on fertilizer man-
agement factors (source, rate, tim-
ing and placement of phosphorus
supplements) and cropping prac-
tices (crop types and rotations,
residue management or incorpora-
tion, soil management or tillage).
Landscape factors (topography or
slope) and soil factors (soil chemical
and physical properties or texture)
also determine the propensity for
water infiltration and phosphorus
retention and release. 

The difference between the amount
of soil phosphorus needed for opti-
mal crop production and the small
amount that can trigger eutrophica-

tion necessitates careful management
of agricultural phosphorus inputs. 

Source and transport factors –
key determinants of phosphorus
loss from landscapes
Transfer of phosphorus from land
to surface waters requires both a
source of phosphorus susceptible to
loss plus a transport mechanism to
exist simultaneously. Loss risk is a
function of both source and trans-
port factors.

The main source factor is the
amount of available phosphorus in
the soil as it relates to the retention
capacity of the soil. Soil test phos-
phorus (STP), a measure of avail-
able phosphorus, is positively
correlated to runoff potential.

Transport factors control phospho-
rus release from land and delivery
to surface water. The dominant
transport factors reflect regional
landscape, soil, climate and weather.
The dominant pathway of phospho-

rus loss can vary both spatially and
temporally depending on soil, land-
scape and climate factors.

Runoff and erosion are the trans-
port mechanisms supplying phos-
phorus to surface waters. On the
Canadian Prairies agricultural phos-
phorus loss during snowmelt runoff
is the predominant source. This co-
incides with the largest and most
prolonged period of water move-
ment across the landscape. During
this extended period of water-land
surface contact, soluble phosphorus
from the soil and plant residues is
released to water as it drains to
main water bodies. Until recently,
the general consensus was that
phosphorus loss occurred as partic-
ulate phosphorus with soil erosion.
This is the most common pathway
in more humid areas with higher
annual precipitation and more
sloped agricultural landscapes
where the majority of this research
historically has taken place. 

Mitigating non-point contribu -
tions: No simple solutions
There are many sources of phospho-
rus from a watershed. Add to that
the complex relationship between
phosphorus behaviour in soil and
transfer to surface waters. It will be
challenging to develop sound mitiga-
tion strategies. Many jurisdictions
have to be involved in developing
sound solutions. A multidisciplinary
approach is needed to involve many
agencies (urban, industrial, agricul-
tural, governmental and private) and
other stakeholders. In the Prairies,
researchers are currently addressing
knowledge gaps concerning agricul-
tural phosphorus loss from land to
water and developing best manage-
ment practices (BMPs). Source-
directed agricultural BMPs for inor-
ganic phosphorus fertilizer are well
understood and have been in prac-
tice for many years.
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Source factors × Transport factors = risk for phosphorus loss to surface waters

Figure 4. The majority of total phosphorus loading coincides with spring snowmelt on the Prairies as
this example illustrates (Source: Lake Winnipeg Stewardship Board 2006).
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Phosphorus is essential for life.
When the soil cannot meet
crop requirements for optimal

growth, add phosphorus. Optimal
production from a prime agricul-
tural land is effective use of the re-
source. Our farmland as well as 
our fresh water are both resources
worth protecting through sustain-
able management.

Fundamental principles for
sustainability
Phosphorus fertilizer use in agricul-
tural food production must adhere
to fundamental principles for sus-
tainability:

1. Agricultural practices must pro-
tect the physical, biological and
chemical integrity of the soil en-
vironment to be both productive
and environmentally sustainable.

2. Surface waters must be protected.
Elevated concentrations of phos-
phorus in lakes and rivers are
linked with eutrophication, detri-
mental to the health of aquatic
life and water quality. Land use
practices, including agricultural,
which mitigate or reduce the risk
of phosphorus transfer from soils
to water are required for environ-
mental sustainability.

3. It is essential that food produc-
tion practices meet consumer ex-
pectations. Producers should
recognize consumers care about
the quality of their food as well
as how it’s grown. 

How to use phosphorus fertilizer in
growing our food is based on eco-
nomic, agronomic and environmental

considerations. Fortunately, fertilizer
management strategies that make
economic and agronomic sense are
also in line with environmentally
sustainable management.

Societal Stewardship
a. Conservation of phosphorus 

resources
The raw source for inorganic
phosphorus fertilizer, apatite, is a
finite resource. Energy and other
resources are needed to manufac-
ture, transport, store and apply
fertilizer. Costs will increase as
deposits dwindle. Sustainable
management means matching 
fertilizer applications with crop
requirements to replace the
amount of phosphorus removed
from fields as food products.

b. Recycling of phosphorus – Complete
the loop
A fundamental reason for use of
phosphorus fertilizer is to replace
phosphorus removed by crops.
The lion’s share of phosphorus
taken up from the soil by crops is
transported to Canadian urban
centres or exported to other

countries for food. With feed
crops, the phosphorus is returned
to the land as livestock manure.
Most phosphorus from agriculture
ends up in urban waste streams.
Recycling this phosphorus back
to farmland is a challenge. While
sewage and biosolids can be 
applied to agricultural land, the
extent of this practice is often re-
stricted. Constituents like heavy
metals are a problem. The phos-
phorus is often in a form not
readily available to plants. Most
major cities remove a portion of
phosphorus from waste waters
but the extent to which it can be
recycled depends on the separa-
tion process. To realize sewage as
a resource, it would be necessary
to use separation processes that
would enable recycling and re-
manufacturing of phosphorus for
use in food production.

c. Perception
Knowing the facts is the first step
in being able to evaluate the in-
tegrity of food production prac-
tices. Sound scientific theory,
fundamental research and practi-
cal field-tested information all
have a role.

Urban societies need to learn
about food production principles
and how they can partner with
agricultural producers to ensure 
a sustainable food production
system.

Environmental Stewardship
The risk for phosphorus loss from
agriculture land is a product of
both the source factors (excess nu-
trients) and transport factors (run-

Agriculture Phosphorus and the Environment
Sustainable Phosphorus Fertilizer Management

Protection of
water quality

Protection of 
soil quality

Environmentally
Sustainable

production of safe 
and affordable food

Figure 1. Long-term protection of water and soil
quality is essential for environmentally sustain-
able agriculture production.

Agriculture Phosphorus and the Environment
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off, erosion) present in that field to-
gether. Both source and transport
factors have to be considered in
management decisions so that risk
of transfer of phosphorus from soil
to water is low.

a. Management of source factors
The key source factor for risk of
phosphorus loss from agriculture
land is soil test phosphorus (STP)
– the available amount of phos-
phorus in soil. STP values have
been scientifically documented in
both field- and laboratory-scale
studies to show the connection to
runoff concentrations. The
amount of available phosphorus
in soil depends on the inherent
fertility of the soil, past fertility
and land management. Fertility
management for optimal agro-
nomic benefit coincides with
sound environmental steward-
ship.

• Source factor related to phosphorus
fertilizer management factors –
Adding phosphorus based on soil
test recommendations to coincide

with active crop growth supplies
phosphorus only when it is
needed. It also prevents excessive
build-up of available phosphorus

in soil which would increase the
risk of its transfer from soil to
waters. 

• Source factor related to land man-
agement – Crop residues and per-
manent ground cover strips are
also sources of agricultural phos-
phorus. The risk of this plant ma-
terial source contributing to
phosphorus loss to surface waters
depends on its management and
overall phosphorus fertility man-
agement.

b. Management of transport factors
For most good quality agricul-
tural land on the Canadian
Prairies, the risk for phosphorus
transport depends on how water
moves across a landscape. Ero-
sion, runoff and subsurface flow
of water reflect landscape and
land management practices
rather than phosphorus fertilizer
use alone. 

Figure 2. The risk of nutrient loss from land to water depends on the balance of nutrient inputs and
removal, along with the capacity of soil and vegetation to retain nutrients and the intensity of trans-
port factors (adapted from Flaten 2003).



Transport factors (climate, weather,
landscape, and management prac-
tices) control phosphorus move-
ment from soil to surface water.
Pro-active land and water manage-
ment will reduce the transport por-
tion of the phosphorus loss risk
equation. However, these factors
can be difficult to control, particu-
larly if there is risk for both erosion
and runoff phosphorus loss. The
best approach is to avoid STP
build-up through efficient phospho-
rus fertilization management.

Practices which incorporate phos-
phorus in the soil and focus on
more productive cropland manage-
ment will ultimately reduce the risk
for loss to surface waters by mini-
mizing both source and transport
factors. 

Agronomic Stewardship
a. Conservation of phosphorus 

resources
A fundamental principle of phos-
phorus use in agricultural produc-
tion of food is to view fertilizers
as a finite resource. Optimal
yields and good quality can be
obtained on productive soils with
moderate bioavailable nutrient in
soil provided fertilizer is added to
replenish depleted soil phospho-
rus. Over-applying phosphorus
above the recommended rate
based on soil test makes neither
economic nor environmental
sense on the Prairies where this
nutrient would become less avail-
able over time in most soils.

b. Recycling of phosphorus – Best Man-
agement Practices for agricultural
and environmental sustainability 
Producers following the 4Rs
(right source, right rate, right
timing and right placement) of
phosphorus fertilizer application
are using the best known tools
for agronomic stewardship.

Widely accepted and used on the
Canadian Prairies, this BMP sup-
plies what is needed at a time and
place where it is of best use.
These best management practices
represent years of scientific re-
search validated with years of
crop field trials across the
Prairies. A balanced system
where additions approximate re-
movals is both agronomically
and environmentally sustainable.

Best Management Practices for
sustainable phosphorus
fertilizer management
There is nothing simple about grow-
ing crops and raising animals to
feed people. Producers need to un-
derstand their land capabilities and
the management options available.

Best Management Practices (BMPs)
are tools for producers to use in
sustainable phosphorus fertilizer
management. Researchers and ex-
tension personnel work hard to de-
velop practical BMPs based on
scientific research and to inform
producers about options. BMPs for
inorganic phosphorus fertilizers im-
prove the efficiency of nutrient use
in the cropping system. The objec-
tive is to meet crop needs and main-
tain optimal productivity while
minimizing any negative impact on
the environment.  

Applying phosphorus at appropri-
ate rates based on a soil test, when
and where it is needed to match
crop demand and account for soil
phosphorus supply is critical for 
environmental stewardship. 

The Canadian Fertilizer Institute
(CFI) has developed the Right 
Product@Right Rate, Right Time,
Right Place™ system to help farmers
apply fertilizer nutrients responsibly
and be better environmental 
stewards.

The Right Product – Are all 
phosphorus sources equal?
Inorganic phosphorus is the pre-
ferred product due to ease of han-
dling, consistency of highly
available nutrient supply and well
understood fertilizer/soil/plant inter-
actions compared to other sources
such as manures and biosolids.
Since concentrated livestock pro-
duction and cropland agriculture do
not typically co-habit, manure is
not a practical source of phospho-
rus fertilizer for many annual crop
producers. The main sources of in-
organic fertilizer used on the Cana-
dian Prairies are granular
monoammonium phosphate and
liquid ammonium polyphosphate
which provide a readily available
source of phosphorus. These fertil-
izers are formed from the raw min-
eral apatite, a finite resource. 
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The Right Time and Place –
There’s a time and a place for
phosphorus
The yield potential of a crop is es-
tablished early based on the extent
of phosphorus supply during early
crop growth. On the Prairies, this
period of high demand coincides
with low soil phosphorus availabil-
ity due to cold soil temperatures in
spring. Also, during this early
growth period, small underdevel-
oped seedling roots can only reach
a limited area in their search for
phosphorus. Inorganic fertilizer is
commonly placed with or near the
seed during planting at a rate that
does not impede new growth. That
way the inorganic phosphorus is
right where it is needed most. For
perennial crops where in-soil appli-
cation is not suitable, phosphorus
fertilizer should be surface applied
at recommend rates in spring after
risk of runoff has diminished.

The Right Rate – How much
phosphorus?
The amount of phosphorus needed
depends on the type of crop and
amount of available nutrient in the
soil. The rate of fertilizer is best 
determined by a soil test used in
conjunction with provincial recom-
 mended rates of phosphorus for
various crops. These recommended

rates are designed to provide opti-
mal yields without excessive phos-
phorus build up in the soil under
regular growing conditions. Labo-
ratory analysis of a soil sampled to
15 cm (6") is the most accurate way
to assess soil phosphorus availabil-

ity. Generally, the lower the avail-
able soil phosphorus, the greater
likelihood of positive yield response
to phosphorus fertilizer. However,
some crops will respond positively
to seed-placed fertilizer even when
soil supply is adequate (termed the
“pop-up effect”). 

Provincial agriculture departments
provide fertilizer guidelines and 
recommendations to producers for
rates, timing and placement based
on crop selections and yield poten-
tial. They also provide information
on correct soil sampling techniques
and lab analysis interpretation in
determining application rates.

Summary
Conservation of natural resources
in the manufacture, transportation
and application of phosphorus 
fertilizers provides for an efficient
agricultural production system, 
environmentally sustainable and 
acceptable to society. Management
of phosphorus fertilizers consistent
with good agronomy is highly con-
sistent with environmental steward-
ship. It is possible to have good
agricultural production which
maintains good environmental
quality and a favorable perception
of the food production system by
society.
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Figure 3. Best Phosphorus Fertilizer Management Practices for the Canadian Prairies

Source of P: Rate of P: Timing of P: Placement of P: Land Management:
Highly available and To match crop Timed to coincide with Where it is easily Grow high yielding/
easy to control requirements period of greatest demand accessible when high input crops on
(phosphate ion and/or lowest risk of required productive land
H2PO4 and HPO4

2-) environmental loss 

BMP Granular or liquid Based on soil test Apply in spring at In-soil near or Adjust P fertilization 
ammonium phosphate recommendations or near time of seeding with the seed, practices for any 
fertilizers – both and fertility to meet early growth depending on crop limitations related to 
convert rapidly to guidelines demands by young sensitivity or placed growing conditions 
phosphate ions plants in a side band and land capability

Agronomic Stewardship ✓ ✓ ✓ ✓ ✓
Environmental Stewardship ✓ ✓ ✓ ✓ ✓
Economic ✓ ✓ ✓ ✓ ✓

*For perennial crops where surface application is not practical, surface-apply phosphorus fertilizers in spring after the runoff risk has diminished.
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Right Rate

Right Time

Right Place

✓ Know your lawn and the grass variety. Different grass varieties re-
quire different fertilizer timings for best results. 

✓ Lawns go through a normal period of dormancy during the driest
parts of the summer. During that time, you should not fertilize
your lawn – let it rest.

✓ During dormancy, reduce the amount of foot-traffic and stop
mowing. As the rain returns grass will green up in 7-10 days.

✓ Fertilizer shouldn’t be applied when the ground is frozen or just
before a heavy rain is expected.

Use the right amount of 
fertilizer

Use fertilizer at the right
time of the year

Make sure fertilizer stays
where it has the most 
benefit to your lawn and the
least impact on the environ-
ment and our waterways

Best Management Practice Examples

Right Product
Use the correct fertilizer for
your soil conditions. 

✓ Have your soil tested every couple of years to determine what
type of fertilizer nutrients are needed. 

✓ When purchasing your own fertilizer, look for products that con-
tain slowly available nitrogen. Slowly available nitrogen can be
found in organic and synthetic forms (both organic and synthetic
products are environmentally responsible choices).

✓ Carefully read and follow the directions on the fertilizer bag.
Those directions are there to ensure the best results for your lawn
and the environment.

✓ Follow fertilizer rate recommendations. More is not always better. 

✓ Too much fertilizer can result in burning and yellow strips in your
lawn.

✓ Use a good quality spreader and make sure to check the setting.

✓ Keep fertilizer off hard surfaces such as driveways, patios and
sidewalks. Clean up any spills immediately. 

✓ Leave a small strip unfertilized on the edge of the lawn. 

✓ Avoid fertilizing steep slopes or in gullies.

✓ Avoid run-off into storm sewers, rivers, lakes and ponds.

✓ Fertilizer should only be used as a source of nutrients for lawns.
Fertilizer should not be used to de-ice walkways and driveways.

What every homeowner needs to know



Know Your Fertilizer Rights is a five-part article series 
sponsored by the CFI, TFI and IPNI. It will appear in the 
American Society of Agronomy’s Crops & Soils starting 
in the April 2009 edition. These articles are designed to 
provide an explanation of the science behind the 4R nutrient
stewardship system, which encourages the Right Products 
(fertilizer, manure and other crop nutrients) are applied at the
Right Rate, Right Time, Right Place®.

The articles will also focus on the 
environmental, economic and 
social benefits that come from 
making the right nutrients use 
decisions. 

For more information or to 
receive a copy of the article 
visit CFI’s website www.cfi.ca
or contact Catherine King 
at 613-786-3026 or cking@cfi.ca.

Provides the Science Behind the
4R Nutrient Stewardship System

Five Part Series in

Crops & Soils

Canadian Fertilizer Institute
350 Sparks Street, Suite 802, Ottawa, ON  K1R 7S8

T (613) 230-2600 • F (613) 230-5142
info@cfi.ca
www.cfi.ca

About Phosphorus for Life
These four articles on phosphorus 
were produced to provide science-based
information about this critical plant 
nutrient and its role in agriculture, the 
environment and Canadian society. 
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