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Nutrient Use in Ontario Crop Production and its Impacts on Water Quality 
 

Ontario Farm Environment Coalition - Water Quality Technical Group, 9 February 2004 

 
The balance of nutrients in crop production is critical in ensuring the protection of water quality.  

Crop plants require 17 essential nutrients to survive. The three major nutrients include nitrogen 

(N), phosphorus (P), and potassium (K). Deficiency of these elements is more common than that 

of others, and thus, they must be adequately managed to ensure sufficient quantities for healthy 

crop growth.  As a general principle, where soil fertility is adequate, balancing nutrient inputs 

against outputs in the form of nutrients removed by harvest is an appropriate objective to ensure 

harmony between the goals of agricultural production and environmental protection.  The 

objective of this paper is to briefly outline the benefits and risks associated with use of N and P in 

crop production, and how these risks are managed. 

 

Nitrogen 
High nitrate levels have been recorded in groundwater in areas where only geologic sources were 

present, showing that agriculture is not always the source of nitrate. Where agricultural sources of 

nitrate were likely, such as in wells located on farms, 5 to 21 percent of samples contained 

nitrate–nitrogen above the guideline for drinking water.  

The Table below (From Environment Canada Website) presents the results of groundwater 

surveys carried out in Ontario since the 1950s. The share of wells with nitrate levels of more than 

10 milligrams per litre recorded in 1991–1992 did not differ significantly from that reported in 

1950–1954. Fertilizer N use increased mainly after 1960 and thus has apparently been managed 

well enough to prevent any widespread increase in nitrate contamination of groundwater in the 

Province. 

Table 1. Results of Ontario well water surveys 

Survey years Number of wells % of wells 

  Nitrate N 

>10 mg N/L 

Coliform bacteria 

>10/100 mL 

Pesticide 

detections 

1950-1954 484 14 15a - 

1980 37 5 43 - 

1954-1985 63 21 - - 

c. 1985 49 5 - - 

1979-1984 359 - - 37 

1981-1984 102 - - 14 

1984 91 - - 13 

1986 103 15 - 10 

1987 76 7 - 5 

1990 566 12 37 - 

1991-1992 142 7 44
b
 - 

1991 301 15 34
b
 10 

1991-1992 1292 14 34, 25
a
 12 

a data for E. coli. 

b data for fecal coliform. 

Source: Goss et al., 1998 
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Nitrogen occurs in organic and inorganic forms, but plant roots can absorb only the inorganic 

forms.  Organic N is converted to inorganic N (ammonium and nitrate) by soil micro-organisms 

by the processes of mineralization (produces ammonium) and nitrification (converts ammonium 

to nitrate).  Usually nitrification occurs quickly and thus most inorganic N in soil is nitrate.  

Because ammonium has a positive charge and soil clay and organic matter has a net negative 

charge, ammonium does not readily leach through soil.  Nitrate however has a negative charge 

and therefore is not attracted by soil particles and is susceptible to leaching to groundwater.   

Manure contains both organic and inorganic N.  The organic N is gradually mineralized to 

inorganic N during one or more growing seasons, but this mineralization is not necessarily in 

synchrony with crop demand.  Thus excess nitrate can occur in the fall after N uptake by the crop 

has ceased.  Best nutrient management practices attempt to minimize this risk of nitrate leaching 

in the fall and winter period.  Similar N management issues exist when a legume or pasture is 

plowed because of the large source of organic N in the plant residues. 

Commercial N fertilizers typically contain immediately available mineral N or organic N that is 

rapidly converted to mineral forms once applied to soil.  Thus management of this N source in 

terms of matching the supply of plant available N to the time of N demand by the crop, is much 

simpler than with manure.  An option in manure nutrient management is to apply manure at only 

75% of the crops N requirement and use N fertilizer to supply the remaining requirement.  This 

strategy helps insure an adequate N supply for the crop in years when soil and weather conditions 

are less favourable for mineralization of organic N. 

Some practices can minimize the degree of nitrate leaching -- matching fertilizer application to 

crop needs, using appropriate crop rotation, using cover crops and high-carbon residues where 

possible, using composts and manures carefully, and avoiding early fall tillage of forage crops.   

A proper balance among nutrients will increase nutrient use efficiency. Studies have shown that 

when N is balanced with P, K, and other essential nutrients, it increases N use efficiency and crop 

yields. With improved N use by the crop, less of it remains in the soil as a potential pollutant.  

Forms of N that are most available to crops are very easily removed from the soil. Nitrate-N may 

be lost with surface runoff, leaching into groundwater, or may be denitrified back into the air. 

Since N is prone to losses, good management of N must be considered.  

 

Best Management Practices for Nitrogen: 

 

• Timing the application as closely before plant uptake as possible – predict N needs as 

accurately as possible in order to minimize excesses in N supply  

• Placing the N where it can most easily be absorbed – due to unpredictable weather 

conditions and soil N cycling, losses occur, but most crops recover 50 to 70 percent of the 

fertilizer N in the year of application 

• Applying a rate specific to the needs of the crop, considering yield potential — any 

excess fertilizer N applied to soils increases the likelihood of losses and will likely impact 

water quality. 

• Estimating N supply to the current and future crops from organic sources, including 

manures, composts, and crop residues.  

 

The Nitrogen Index 

 

The Nitrogen Index is a rating system for evaluating the risk of nitrate leaching to groundwater 

during the fall and winter period.  It is used in the Ontario NMAN software to minimize the 

likelihood of excess nitrate being present in the soil during the fall when it is susceptible to 

leaching.  The nitrate may be residual N from fertilizer or manure applied in the spring and not 
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removed by the crop, or N added by a late summer or fall manure application.  The amount of 

residual N not removed by the crop is estimated by calculating a crop removal balance.  This 

balance is the difference between the amount of N removed in the crop and the amount of 

available N applied in manure and fertilizer.  If manure is applied in the fall, a table is used to 

calculate the amount of manure N available for loss by leaching over winter.  An index value is 

assigned to both the residual N amount and to the lost manure N amount, to give an N index 

value.  The N index value is then compared to a table of acceptable values to determine if the N 

leaching risk is acceptable.  The acceptable values vary with soil hydrologic group, which is an 

indicator of the drainage properties of the soil.  Thus soils that are freely draining (hydrologic 

group A, mainly sandy soils) have a much lower acceptable N index value than slowly draining 

soils (hydrologic group D, clay soils).  Adjustments are also made to account for increasing 

nitrate contamination risk associated with soils having a shallow depth to bedrock (less than three 

feet). 

 

 

Phosphorus 
 

Contamination of surface water is the main risk that may be increased by use of manures or 

fertilizers supplying P.  Streams, rivers, and lakes overloaded with P can lead to algal blooms, bad 

odor, and toxic compounds. Crop growers need to avoid putting soluble forms of P on the surface 

of runoff-susceptible soils especially during critical periods – late fall and early spring in most 

areas. This will help minimize impacts on water quality.  

 

Reducing P use in general would be an ineffective strategy for managing impacts on water 

quality, because only a small fraction of the land area contributes phosphorus to streams by 

runoff.  Effective solutions need to focus on site-specific risk reduction. 

 

Phosphorus is an essential nutrient for growing crops. Emphasis must be made on avoiding the 

risk of limitations to crop yield and quality. Following is a list of situations in which application 

of P is most critical to the crop: 

• Soils that are P deficient, testing medium or less  

• Highly responsive crops such as potatoes or some vegetables may require P even where 

soil test levels are high  

• Near roots of emerging seedlings – crops like corn and wheat respond well to starters 

  

The Phosphorus Index 

 

The buildup of soil phosphorus is a risk to water quality in hydrologically active areas – that is, 

parts of the landscape where surface runoff or erosion are likely. The risk of phosphorus loss to 

surface water depends on both source and transport factors. Areas at risk are where high soil 

phosphorus or high application rates coincide with zones of active surface runoff or erosion.   

The phosphorus index estimates vulnerability to phosphorus loss. The index links up transport 

factors—such as slope gradient and length, soil infiltration, and distance to watercourse—to 

source factors including soil test phosphorus, and rate and method of application of manure and 

fertilizer phosphorus.  The index often identifies a critical area comprising 2 to 15 percent of a 

field from which 90 percent or more of the phosphorus loss occurs. 

The phosphorus index can identify low-risk areas where manure application can build soil 

productivity.  The soils in these areas safely absorb the applied phosphorus, and benefit from the 

other constituents of the manure.  These are the areas where we need to target our efforts at 
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improving crop performance, supplying optimal combinations of manure and fertilizer nutrients 

to raise potential crop yields.  

The P index is used in the NMAN software to determine the distance to maintain from a 

watercourse with applications equal to, or up to 70 lb/A of P2O5 in excess of, crop removal.   

The phosphorus index is not a finished product. The index is an approximation of risk rather than 

a model of process.  Current research is underway in Ontario for its validation and improvement.  

 

Historical Nutrient Balance 
  

Ideally, nutrient management aims to supply an amount to match crop removal, provided the soil 

is at a reasonable level of fertility.  However, because some degree of nutrient loss is inevitable, 

nutrient inputs that exceed crop removals may be necessary to attain optimum crop performance 

and maintain soil fertility.   

 

Excess nutrients may or may not impact water quality, depending on their fate.   

 

For nitrogen, losses in the form of dinitrogen or nitrous oxide do not impact water quality.  

Losses in the form of ammonia are mainly to the atmosphere, where dilution prevents it from 

becoming a water quality issue.  However, storm runoff following surface application of manures 

or fertilizers could potentially contaminate water with ammonia or nitrate.  Excess rates of 

nitrogen in the soil can result in nitrate contaminating groundwater.  Nutrient management plans 

manage these risks.  The nitrogen index ensures the highest intensity of risk management in the 

most sensitive areas. 

 

For phosphorus, excess applications accumulate in soil.  Only a small amount is lost, but small 

losses can pose a risk to surface water quality.  The risk is managed through use of the 

phosphorus index. 

 

The crop nutrient balance on a province-wide basis provides useful information for assessing the 

current efficiency with which producers use nutrients, and also for assessing the impact of 

nutrient management regulation on the distribution of fertilizer and manure nutrients.  Figures 1 
and 2 depict crude estimates of the historical nutrient balance for crop production in Ontario.  

Note carefully the data sources and assumptions, since these balances are imprecise estimates, 

and their interpretation is influenced by many assumptions. 
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Ontario Crop Nitrogen Balance
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Figure 1.  Estimate of historical crop nitrogen balance for Ontario agriculture, 1930-2003.   

 

 

 

Ontario Crop Phosphorus Balance
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Figure 2.  Estimate of historical crop phosphorus balance for Ontario agriculture, 1930-2003 
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Data Sources and Assumptions: 

Manure:  

• Based on OMAF and Statistics Canada numbers for cattle, pigs, hen, and chicken 

inventory. 

• Calculated using coefficients per head, as excreted, (Kellogg et al., 2000) for 1998. 

• Assumes manure nutrient output per head increases 0.5% each year. 

Fertilizer: 

• Industry sales data from 1954-2002 (Canadian Fertilizer Institute, AAFC). 

• Sales for 1930 assumed to equal half of 1954 sales; linear growth to 1954. 

• Sales for 2003 assumed to equal those for 2002. 

Legume (fixation of N from air): 

• Assumed to equal half of N removed by hay, pasture, soybeans, and dry beans. 

Crop Removal 

• Includes nutrients removed by harvest of major crops: hay, pasture, grain and silage corn, 

soybean, wheat, other cereals, and potatoes. 

• Based on Statistics Canada and OMAF estimates of total production. 

• Nutrient removal coefficients from PPI, adjusted where regional data available. 

 

Observations Arising from the Historical Nutrient Balance 

An encouraging trend in both the nitrogen and phosphorus graphs is the relatively narrow gap 

between inputs and crop removal since the 1990's.  Below are some other comments that arise 

from these graphs. 

 

1. A major uncertainty in Figure 1 is the input of legume N.  The increase in N inputs due to 

fertilizer have likely helped stabilize soil organic matter levels due to increased crop residue 

inputs. The current rates of nitrogen fertilization, overall, are likely not much in excess of 

what is necessary to maintain current levels of soil organic matter. 

 

2. A considerable fraction of manure nitrogen excreted is considered “non-recoverable”—

excreted on pasture, loafing areas, or lost from storage.  A large fraction of manure nitrogen 

is lost to the air as ammonia, between excretion and field application.  The loss of ammonia 

to the air, while it may cause other concerns, poses little risk to water quality. 

3. From 1960 to the mid 1980’s, phosphorus supply was in surplus of crop removal.  Since 

phosphorus is strongly retained in most soils, most of the surplus contributed to a buildup in 

soil fertility.  The improved fertility has benefited crops.  Where soils are low in phosphorus, 

recommendations for rate of application often exceed the removal rate.  At higher soil test 

levels, applications that do not exceed crop removal can suffice for optimum crop yields.   

4. On the other hand, because the phosphorus surplus was not distributed uniformly, soil 

phosphorus levels in some areas have increased to the point of risk of water contamination.  

Nutrient management plans deploying the Phosphorus Index manage the risk in these areas. 

5. Considering that some loss of manure is inevitable, and that chemical precipitation and 

sorption processes in soils continue to restrict availability of soil phosphorus, current rates of 

fertilizer phosphorus use overall are not much in excess of what is necessary to maintain soil 

fertility for optimum productivity. 

Throughout the history of crop production in Ontario, there has always been an economic 

incentive to use manure nutrients efficiently.  Wasted manure nutrients would increase costs in 

terms of increased purchases of commercial fertilizer.  The improvement in nutrient use 
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efficiency since the early 1980’s was driven primarily by this economic incentive.  Recently 

implemented nutrient management legislation adds to the economic incentive to more closely 

match nutrient applications to crop removal, reducing risks associated with surplus nutrients. The 

N index and P index are science based tools that will continue to be developed to help the farmer 

minimize the risk of nutrient loss.  The overall goal is continuing improvement of management 

tools and skills to more closely achieve a nutrient balance that meets both economic and 

environmental needs.  

 

Reference: 
Kellogg, R.L., C.H. Lander, D.C. Moffitt, and N. Gollehon. 2000. Manure nutrients relative to the 

capacity of cropland and pastureland to assimilate nutrients: Spatial and temporal trends for the 

United States. USDA-NRCS-ERS Publication No. nps00-0579. 
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