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Nitrogen (N) and phosphorus (P) are essential macro-
nutrients for all living organisms. In natural terrestrial 
ecosystems, there tends to be a relatively intense com-
petition for nutrients, which become incorporated into 
living biomass and decomposing organic matter. As or-
ganic matter decays, inorganic N and P become available 
to plants and soil microbes, but also become susceptible 
to being moved out of the root zone by water move-
ment. Furthermore, surface runoff mobilizes soil, detritus 
and attached nutrients. The normal movement of water 
through and over soils transports N and P from the land 
to groundwater and surface water. In natural ecosystems, 
the availability and mobility of N and P are relatively low 
and consequently movement to water bodies is also low 
(Smith et al., 2003).

In contrast there are many aspects of modern agri-
cultural systems that increase nutrient availability and 
mobility. In many settings, annual cultivation increases 
surface runoff, erosion and transport of surficial nutrients 
and organic matter. In order to increase agricultural pro-
duction per unit of land area, the availability of N and 
P in soils may be increased by applications of fertiliser 
and/or manure, and/or growing legumes and/or tilling the 
soil. While these measures can increase crop productiv-
ity, they often lead to increased movement of nutrients 
from the landscape to water bodies (Smith et al., 1997; 
Carpenter et al., 1998). Additionally, consumption of 
agricultural products by humans and livestock produces 
municipal wastewater and livestock manure that have 

relatively high concentrations of N and P, which can 
also contaminate surface waters depending on how these 
wastes are treated and managed.

In general, runoff and drainage waters from agricul-
tural lands tend to have higher concentrations of nitrogen 
(N) and phosphorus (P) than water draining from natu-
ral lands (Smith et al., 1997; Clark et al., 2000; Smith 
et al., 2003). Increased P in freshwaters can contribute 
to increased algal growth, which can alter aquatic food 
webs and result in algal blooms, eutrophication, seasonal 
oxygen depletion known as hypoxia, which can kill fish 
and other organisms (Carpenter et al., 1998). Nitrate-N 
is a drinking water concern when concentrations exceed 
10 mg N L-1 in water supplies. Microbes can also convert 
nitrate to nitrous oxide (N2O), a potent greenhouse gas. 
Fertilisers also require energy for manufacture, transport 
and application. Thus, managing agricultural nutrients to 
optimize their benefits and minimize their harms can pro-
mote sustainability by reducing energy use, greenhouse 
gas emissions and water pollution. 

Agricultural Nutrients in the Great 
Lakes Basin

About 35% of the land in the Great Lakes Basin is de-
voted to agriculture and most of this agricultural land is 
concentrated in the southern and eastern portions of the 
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Basin. Approximately 67% of the Lake Erie Basin is used 
for agriculture, while 44% of the Lake Michigan Basin, 
39% of the Lake Ontario Basin, 27% of the Lake Huron 
Basin and only 3% of the Lake Superior Basin is classi-
fied as agricultural. The effects of agriculture are most 
pronounced in Lake Erie because of the high percentage 
of agricultural land in its basin, and because Lake Erie is 
the smallest of the Great Lakes (Fuller et al.,1995). 

Much of the cropland land in the Great Lakes Basin is 
used for maize and soybean production. Maize requires 
significant quantities of N and P fertiliser (typically 100-
175 kg N ha-1 and 20-30 kg P ha-1 depending on soil prop-
erties and other factors) while soybean require only P 
fertiliser (typically 20-30 kg P ha-1). N transport from the 
land to surface waters in agricultural basins ranges from 
5 to 40 kg N ha-1 yr-1, with the larger values occurring 
in regions with artificial subsurface (tile) drainage and 
about 300 mm yr-1 of drainage (McIsaac and Hu, 2004). P 
losses typically range from 0.5 to 2 kg ha-1 yr-1. Baker and 
Richards (2002) reported average values of 1.4 kg P ha-1 
yr-1 during 1975-95 in rivers draining agricultural areas in 
northwest Ohio and which flow into Lake Erie. 

Except for in Lake Erie, P concentrations in the open 
waters of all the Great Lakes were assessed as being ac-
ceptably low in 2007 (Dove and Warren, 2008). However, 
P concentrations in open waters of Lake Erie and some 
nearshore waters of all the assessed Lakes periodically ex-
ceed concentrations that promote algal growth (nearshore 
waters of Lake Superior were not assessed). In addition to 
extensive agricultural land, the Lake Erie Basin has a high 
population density which is a source of P. Fortunately, P 
concentrations in Lake Erie and Lake Ontario have de-
clined from the 1970s to the 1990s. A portion of this de-
cline is attributable to the introduction of the invasive and 
prolific zebra mussel (Dreissena polymorpha), which fil-
ters large quantities of algae out of the water.

Efforts to reduce P loading into Lake Erie date back to 
the 1970s and include reduction in point-source discharg-
es (primarily municipal wastewater) as well as agricul-
tural conservation practices (Richards and Baker, 2002). 
Richards and Baker (2002) reported a significant decline in 
sediment and P loads in the northwest Ohio Rivers which 
appeared to be associated with adoption of conservation 
tillage and decreased application of P fertiliser. Since P 

Figure 10.1. Map of the Great Lakes Basin, 
produced by the US Army Corps of 
Engineers. http://en.wikipedia.org/wiki/File:
Great_lakes_basin.jpg
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tends to be strongly adsorbed to sediment, much of the 
P carried in surface waters is attached to eroded soils. 
Reducing soil erosion often reduces total P transport. In 
spite of this decline, Myers et al., (2000) reported that 
rivers sampled in the Lake Erie Basin in 1996-98 tended 
to have P and N concentrations that were greater than the 
U.S. average. One river draining a forest and pasture land 
in western New York had an annual average P yield of 
nearly 3 kg P ha-1 yr-1, although observations over a three-
year period may not reflect the long-term average. 

The adoption of conservation tillage is a national and 
international trend enabled by the availability of cost effec-
tive herbicides. Additionally, reduction in P fertiliser ap-
plication rate is a trend that has been observed throughout 
the U.S. (Fixen and West, 2002) and Ontario (International 
Plant Nutrition Institute 2008). There has been a shift 
away from applying fertiliser in order to “build” soil P 
levels in favor of applying fertiliser to replace P removal 
in crop harvest. Crop yields have increased substantially, 
while the amount of P fertiliser applied has declined and 
N fertiliser application has remained constant or increased 
at a relatively slow rate. This has partly been a result of 
characteristics of newer maize hybrids which have more 
robust production under a wider variety of environmental 
conditions (such as drought) but lower grain protein con-
centrations (Duvick, 2005). There has been greater atten-
tion to development of nutrient management plans for cro-
plands as well as installing and maintaining buffer strips 
and wetlands adjacent to water bodies. In Ontario, farm-
ers are required to develop nutrient management plans 
(Roberts et al., 2008). In the U.S., funds are available to 
provide farmers an incentive for voluntarily adopting rec-
ommended nutrient management practices. 

While these trends represent steps in the direction of 
sustainability, there is still need for improvement and the 
impacts of these trends and activities on water quality are 
difficult to document quantitatively. There has been little 
long-term, systematic monitoring of nutrient use on the 
landscape and riverine flow in tributaries to the Lakes, 
except at relatively large scales, where it becomes diffi-
cult to separate out the effects of agricultural management 
practices from other influences such as climatic fluctua-
tion, urbanization and changes in municipal waste treat-
ment. Additionally, some changes in agricultural practic-
es may reduce nutrient losses, while other practices may 

increase losses. Hence, it becomes difficult to quantify 
the effects of specific practices on nutrient fluxes within 
large scale basins where multiple changes are occurring 
simultaneously. 

Variations in precipitation and temperature may affect 
the quantity and timing of N and P transported to surface 
water and groundwater. Precipitation and water yield from 
the Great Lakes Basin (and throughout eastern North 
America) increased in the early 1970s (Figure 10.2). 
Average air temperatures decreased slightly from 1945 
to 1980, and have tended to increase since 1980 (Figure 
10.3). Precipitation in many regions of North America fol-
lows decadal oscillations that appear to reflect the influ-

Figure 10.2. Thirty-year average monthly precipitation (top) over the 
land surface in the Great Lakes Basin and estimated monthly water 
yields (bottom) from the land surface for 1948-77 and 1979-2008 (Data 
from NOAA, 2010).

Figure 10.3. Annual average air temperatures and the 10-year mov-
ing average over land in the Great Lakes Basin 1950-2008 (Data from 
NOAA, 2010).
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ence of oscillations in sea surface temperatures (McCabe 
et al., 2004) and may be additionally influenced by an-
thropogenic climate change. The increased precipitation 
in the Great Lakes Basin has been greatest in September 
and October and this appears to produce increased water 
yield during the dormant season. This is likely to increase 
nutrient flows because it occurs at a time of year with little 
or no vegetative uptake of nutrients. Water yield is great-
est in the spring as a consequence of snow melt and soil 
saturation. Nutrient fluxes are typically greatest during 
this period, primarily because of the high water flows. 

Potential Improvements in Nutrient 
Management 

Synchronizing Nutrient Availability with Crop Needs
To be most efficient and minimize losses to the environ-
ment, nutrient availability should be timed to match the 
nutrient uptake characteristics of the crop. This type of 
spoon feeding can be accomplished with irrigation, but irri-
gation is relatively rare in the Great Lakes Basin. There are 
considerable economic challenges to applying commercial 
fertilisers to extensive acres of maize and soybean during 
the growing season. Other field operations (weed control, 
field preparation and planting) create a high demand for la-
bor during the early growing season. Many farmers apply 
manure and fertiliser in the fall and winter when there is 
less demand for labor, and when fertiliser companies offer 
discounted prices. This practice tends to produce greater 
nutrient losses, however, because nutrients are exposed to 
water movement during a greater share of the dormant sea-
son and long before crop uptake is possible. In European 
Union Countries in the Baltic Sea region this practise is 
not allowed according to the Nitrate Directive.

Under careful management, nutrients derived from 
the decomposition of organic matter (animal manures, 
compost, crop residues) may become available to crops 
in synchrony with crop demands. This can occur because 
rates of crop growth and microbial decomposition of 
organic matter vary similarly with temperature and soil 
moisture. Manures can have a highly variable nutrient 
composition, however, which adds to the challenge of 
nutrient management. Analysis of the manure for nutri-

ent composition adds to the cost of its use as a fertiliser. 
Manures often have a low N to P ratio for crop nutrition, 
but this ratio can be increased by altering feed rations and 
using supplements that improve P adsorption by the live-
stock (Sharpley et al., 2003). 

Cover Crops
There has been considerable experimentation with cover 
crops, i.e. crops grown primarily to provide ground cover 
during the dormant season. It has been shown that these 
cover crops can reduce losses of nutrients by their capac-
ity to absorb nutrients and to increase evapotranspiration, 
and thereby reduce the quantity of drainage, runoff and 
erosion. Little direct benefit to the grower has been dem-
onstrated, however, and consequently there has been little 
use of this practice. 

Perennial Crops
Because of a long dormant period between annual crops, 
and because of slow root development early in the grow-
ing season, annual crop rotations tend to be more leaky 
of water and nutrients than systems that include perennial 
crops (Randall and Mulla, 2001). Many perennial crops 
can store nutrients in their root systems over winter and 
usually start growth earlier in the spring and maintain 
growth later in the fall compared to annual crops. This 
can reduce drainage, runoff, erosion and nutrient loss. 

Limited market demand for perennial crops has been 
the main limitation to their inclusion in the Great Lakes 
cropping systems. Organic production systems rely on 
perennial legumes to fix nitrogen, and although the mar-
ket for organic foods has been growing it is still a rela-
tively small portion of the world and US food market. If 
and when the production of energy from biomass becomes 
more economically attractive, there could be greater use 
of perennial grasses in agricultural regions of the Great 
Lakes (Figure 10.4). This could reduce nutrient flows, and 
may also reduce water flows (McIsaac et al. 2010). 

Targeted Conservation 
Research has demonstrated that surface runoff may be 
disproportionately generated from specific areas within a 
landscape such as areas where bedrock or groundwater is 
close to the soil surface, thereby limiting the water-hold-
ing capacity of the soil profile (Sharpley et al., 2003). 
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These areas can produce high quantities of P in runoff 
if they receive high quantities of P fertiliser or manure. 
The potential for P losses can be reduced by minimizing 
P input to these critical areas and maintaining vegetative 
cover to minimize erosion. 

Drainage Water Management 
In fields that are naturally flat and swampy, artificial sub-
surface drainage systems remove water from the root zone 
and allow for more timely management operations and 
greater crop growth. This drainage water is typically high 
in nitrate N where maize and soybean are grown. However, 
the drainage systems can be managed to manipulate the 
water-table to promote denitrification during the dormant 
season and provide irrigation water to the root zone during 
the growing season (Figure 10.5). The latter practice can 
increase crop yields and both practices reduce N loss to 
drainage waters (Elmi et al., 2002). However, by creating 
reducing conditions in the soil, this practice can mobilize 
phosphate, which is a more common water quality concern 
throughout the Great Lakes Basin (Valero et al., 2007). 

Conclusions

Agricultural production is highly variable in the Great 
Lakes Basin and is most heavily concentrated in the Lake 
Erie Basin, although there are some tributaries to the oth-

er Lakes that are also heavily agricultural. N and P are 
a necessary aspect of agricultural production and drain-
age waters from agricultural lands are often enriched with 
these nutrients. Water quality problems from N in the 
Great Lakes Basin have been limited to a few local wa-
ter supplies. P concentrations in Lake Erie and in some 
coastal waters of the other Lakes periodically reach lev-
els that can promote eutrophication. P concentrations in 
Lakes Erie and Ontario declined between 1970 and 1990, 
which may be attributable to a variety of factors that in-
clude reduced fertiliser P application, conservation tillage, 
improved municipal waste treatment, and introduction of 
the zebra mussel. P losses from agriculture are also influ-
enced by precipitation and drainage, which have increased 
over much of the Basin after 1970. Additional monitoring, 
research and conservation are needed to further reduce N 
and P losses from agriculture in areas where these losses 
cause water quality impairments. Conversion of large ar-
eas from maize-soybean production to perennial biomass 
crops for energy has some potential to reduce P losses 
from croplands, depending on the practices employed. 

Figure 10.5. The use of a tile drain outlet control structure to manipu-
late the water table and reduce nitrate delivery to from agricultural 
fields to surface waters (adapted from Frankenberger et al. 2006).

Figure 10.4. Miscanthus x. giganteus (taller green grass) and switchgrass 
(Panicum virgatum) growing in experimental plots in central Illinois. 
These perennial grasses are being evaluated for the production of bio-
mass energy (Photo: L. Brian Stauffer, University of Illinois).
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