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Nitrogen (N) is the most limiting nutrient for productive agriculture. The principal N inputs on 

dairy farms are feeds, manure, fertilizers, biologically-fixed N, soil N and atmospheric N deposition. The 
relative importance of each N source to the production of crops, pasture and milk depends on several 
factors, including a farm’s stocking rate (animals per unit land area), which influences the type and 
amount of feed grown on a farm, feed and fertilizer purchases, manure management, N use efficiency, 
whole-farm N balances and environmental N loss.  Soil type also impacts N use efficiency (NUE, the 
amount of applied N transformed into products) and N loss as ammonia (NH3), nitrate (NO3

-) and nitrous 
oxide (N2O). This presentation will demonstrate how stocking rate, fertilizer, feed and manure 
management impact NUE and N loss from dairy production systems.   
 
Feed N use efficiency and milk production 

On dairy farms, cows are fed forages, grain, protein and mineral supplements, and manure is 
applied to cropland and pastures to recycle nutrients.  When the diets fed to lactating cows are well 
balanced in energy, crude protein (CP) and other minor ingredients, the dietary N (CP÷6.25) consumed is 
transformed about equally into milk, feces and urine. The proportion of N excreted in urine is highly 
influenced however by the form and amount of CP consumed.  Whereas the concentration of N in dairy 
cow feces is fairly constant, concentration of N in urine, especially in the form of urea, can vary greatly. 
Feed N use efficiency declines and the proportion of urinary N excreted as urea N increases as the 
concentration of CP in the diet increases. And this increases losses of NH3 and N2O from dairy farms. 
 
Nitrogen use efficiency and N loss from manure  

The amount of N excreted in manure (Nex), recycled through crops and pastures, and lost to the 
environment are highly influenced by the conservation of urinary urea N from the time of excretion 
through manure collection, storage and land application. After excretion, the N contained in dairy feces is 
relatively stable.  Urinary urea N can transform rapidly however to ammonium (NH4) and lost as NH3 
during manure collection, storage and land application. Ammonium can nitrify and denitrify forming 
NO3

- and N2O (the most potent greenhouse gas emitted from agricultural systems) with further losses and 
emissions after manure application to soil. On confinement dairy farms, NH3 losses range from 20% to 
55% of Nex. Losses of N as NO3

- and N2O are more difficult to ascribe solely to manure because manure 
N is often combined with other N sources in soil, especially fertilizer N.  Of the total manure N that is 
land-applied, estimates of NO3

- loss typically range from 1% to 25% and N2O from 1% to 4% of the N 
applied. High leaching of NO3

- through soils contaminates groundwater, and emissions of N2O potentially 
contribute to global warming.  
 
Tradeoffs in N use and environmental N loss 

There is increasing evidence and concern that excessive N use in agriculture contributes to water 
and air quality impairment at local, regional and global scales. Fertilize and manure management highly 
influence environmental N loss. In the Corn Belt, fertilizer N has been linked to groundwater 
contamination in wells, and being within the Mississippi Basin, it contributes to hypoxia (dead zone due 
to nutrient contamination) in the Gulf of Mexico. Nevertheless, recommendations on fertilizer N use 
continue to be made based almost solely on economic returns to the producer. In the Midwest for 
example, fertilizer N recommendations for corn are made using the “economic optimum nitrogen rate, 
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(EONR)”, which is selected from a range of fertilizer N:grain price ratios. Applying this approach to corn 
grown on a loamy, medium yield potential soil in Wisconsin, fertilizer N recommendations vary from 118 
to 162 kg N ha-1 for fertilizer N:grain price ratios ranging  from 0.20 to 0.05, respectively. Studies have 
shown however that as one moves from the low end of the EONR range (e.g., fertilizer N:grain price ratio 
of 0.20)  to the high end of the EONR range (fertilizer N:grain price ratio range of 0.05) NUE (the percent 
applied N taken up by corn) declines and N loss as NO3

-  increases.  There seems to be great uncertainty 
on how best to strike a balance between fertilizer N recommendations, profitable corn production, NUE 
and environmental N loss.  

 
The dynamic nature of N transformations in agricultural systems necessitates a broad 

understanding of possible tradeoffs between N use, N incorporation into products, N conservation and N 
loss. In dairy production systems, tradeoffs can occur between feed N use, manure N excretion, crop N 
use and environmental impacts. The control and conservation of one N form (e.g., NH3, NO3

-, N2O) may 
result in greater loss of other N forms. There is a need therefore to recognize that N loss management 
should be a component of sustainable N use in agricultural production. A systems approach to N 
management is required to maximize NUE, minimize N loss, and control N loss towards pathways that 
have least detrimental impacts on the environment.  
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