AMMONIA EMISSIONS FROM FIELD-APPLIED MANURE:
MANAGEMENT FOR ENVIRONMENTAL AND ECONOMIC BENEFITS

Bill Jokela' and Jack Meisinger?

Livestock manure has the potential to provide significant benefits for soil health and crop nutrient
supply; but it also can contribute to a range of environmental problems, including ammonia
emission. In particular, maximizing crop utilization of manure N requires careful management to
control N losses.

Manure N can be lost by several different What happens to manure N?
processes—nitrate leaching, gaseous denitrification, Ammonia (NHs)

and surface runoff of N. But the process that

commonly has the potential for the greatest N loss Denitrification

from manure — and the one most readily controlled by Fast I
management — is ammonia volatilization (Fig. 1). L’jjj,g‘ %
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Figure 1. Processes that contribute to
Most ammonia emissions are from livestock losses or crop availability of manure N.
production, with cattle farming, especially dairy,
regarded as the largest source (Bussink & Oenema
1998). Land application of manure contributes the most
ammonia emissions from cattle in the UK, with animal Grazing
housing a close second (Fig. 2; Misselbrook et al., 2000). 13%
This article will focus on ammonia volatilization of manure Land Appl.
N, in particular the management practices to control 38%
ammonia loss and increase the benefits for crop production.

Most examples will be with dairy manure. Housing
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Improving the management of manure N starts with
knowing the N content of manure and the relative amounts .. . o
of the different forms. The total ammoniacal N Figure 2. Ammonia emission from

. ' . . . different segments of cattle farming
(ammonium-N le_Js ammonia-N plus ure_a-N) is the portion ;1 the UK (Misselbrook et al., 2000,
of manure N that is immediately susceptible to loss. We
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would be required to meet the crop need of
100 Ib N per acre. Because of the greater
ammonia loss with delayed incorporation, the

Example: Comparison of Time of Manure
Incorporation for Silage Corn

second scenario would require about 14,500
gallons per acre to meet the same N need. If
there is additional land available with N and
P need, the difference in application rates °
(6600 gallons/acre) would have a potential
nutrient value of about $67/acre ($42 for N
and $25 for P,Os). Both management options
supply excess phosphorus, but only 39 Ib .
P,Os /acre in the first case compared to 105 Ib
Ib P,Os/acre in Case 2.

. Nutrient Recommendation: 100 Ib N, 40
Ib P,Os /acre (after accounting for starter
N, previous crop, and past manure N)
Dairy Manure Analysis, 1b/1000 gal.

= Total N: 23; NH,-N: 11; P,Os: 10

- 8% DM
Fertilizer prices: N $.50/1b, P,Os $.38/Ib

While manure has historically been applied to meet the crop need for N, concerns about runoff of
phosphorus from fields into surface waters has led to a need to apply manure on a P basis on
some fields. How would the two scenarios compare in this regard? In both situations the manure
rate required to meet the P recommendation would be the same — 4000 gallons per acre (assuming
100% fertilizer equivalent for manure P). In scenario 1 (quick incorporation) 49 Ib/acre of
additional fertilizer N would be needed; but in the delayed incorporation case 72 Ib N/acre would
be required. The difference in cost would be about $11 per acre, based on a price of $.50/Ib N.

Summary

Ammonia volatilization can be a major nitrogen loss pathway for field-applied manure, and can
have both economic and environmental consequences. Fortunately, there are effective and
practical management practices to address these concerns — manure analysis as a basis for
application rate, timing manure application to better coincide with crop N uptake, and timely
incorporation of manure by tillage or one of several direct incorporation methods. Because of the
temporal pattern of ammonia emission, most loss occurring in the first few hours after
application, incorporation of manure immediately or shortly after application is particularly
important to cut N losses, thereby saving fertilizer expense and minimizing undesirable
environmental impacts.

References

Ball-Coelho, B., and R.C. Roy. Minimizing nutrient movement from injected from injected liquid
swine manure. P. 64-70 In Bittman, S and Kowalenko, C.G. (eds.) Advanced Silage Corn
Management, Pacific Field Corn Association, Agassiz, BC.

Ball-Coelho, B. R., R. C. Roy, and A.J. Bruin. 2005. Optimization of liquid swine manure
sidedress rate and method for grain corn. Agron. J. 97: 1322-1332.

Beauchamp, A.E. 1983. Response of corn to nitrogen in preplant and sidedress applications of
liquid cattle manure. Can. J. Soil Sci. 63:377-386.

Bittman, S., C.G. Kowalenko, D.E. Hunt, and F. Bounaix. 2004. A new low disturbance liquid
manure applicator. P. 70-71 In Bittman, S and Kowalenko, C.G. (eds.) Advanced Silage
Corn Management, Pacific Field Corn Association, Agassiz, BC.

Bittman, S., C.G. Kowalenko, D.E. Hunt and O. Schmidt. 1999. Surface-banded and broadcast
dairy manure effects on tall fescue yield and nitrogen uptake. Agron. J. 91:826-833.

206 Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47



Bittman, S., L. J. P. van Vliet, C.G. Kowalenko, S. McGinn, D.E. Hunt, and F. Bounaix. 2005.
Surface-banding liquid manure over aeration slots: a new low-disturbance method for
reducing ammonia emissions and improving yield of perennial grasses. Agron. J 97: 1304-
1313.

Bussink, D.W., and O. Oenema. 1998. Ammonia volatilization from dairy farming systems in
temperate areas: a review. Nut. Cyc. in Agroecosystems 51:19-33.

Carter, J.E., W.E. Jokela, S.C. Bosworth, J.J. Rankin, and P. Pfluke. 1998. Broadcast and band-
applied manure effects on grass yield and N uptake. Agronomy abstracts. p. 317. Amer.
Soc. Agron. Madison, WI.

Coté, D., A. Michaud, T.S. Tran and C. Bernard. 1999. Slurry sidedressing and topdressing can
improve soil and water quality in the Lake Champlain Basin. Water Science and Application
1:225-238.

Hoff, J. D., D.W. Nelson and A.L. Sutton. 1981. Ammonia volatilization from liquid swine
manure applied to cropland. J. Environ. Qual. 10: 90-94.

Huijsmans, J.F.M., J.M.G. Hol and D.W. Bussink. 1997. “Reduction of ammonia emission by
new slurry application techniques on grassland”. Gaseous nitrogen emissions from
grasslands. (Eds) S.C. Jarvis and B.F. Pain. pp.281-285. CAB Internat. Oxon, UK.

Jokela, W.E. 2004. Using solid manure: Vermont experience P. 59 In Bittman, S and Kowalenko,
C.G. (eds.) Advanced Silage Corn Management, Pacific Field Corn Association, Agassiz,
BC. http://www.farmwest.com/index.cfm?method=library.showPage&librarypageid=139

Jokela, W.E. 2004. Economic advantage of rapid manure incorporation. P. 61 In Bittman, S and
Kowalenko, C.G. (eds.) Advanced Silage Corn Management, Pacific Field Corn
Association, Agassiz, BC.
http://www.farmwest.com/index.cfm?method=library.showPage&librarypageid=140

Jokela, W.E. and D. Cété. 1994. Options for direction incorporation of liquid manure. P. 201-215
In Liquid manure application systems. Northeast Reg. Agr. Engin. Serv. (NRAES). Cornell
Univ., Ithaca, NY.

Jokela, W. E., F. Magdoff, R. Bartlett, S. Bosworth and D. Ross. 2004. Nutrient
recommendations for field crops in Vermont. Univ. Vermont Ext. Serv. Pub. BR1390.,
Burlington, VT. Web: http://www.uvm.edu/%7Euvmext/publications/br1390/

Jokela, W.E., S. Bosworth, and D. Meals. 1995. Water quality and yield effects of sidedressed
dairy manure on corn: first year results. In Animal Waste and the Land-Water Interface:
Poster Proceed. Arkansas Water Resources Center, Fayetteville, AR.

Jokela, W. E., S.C. Bosworth, P.D. Pfluke, J. J. Rankin and J.E. Carter. 1996. Ammonia
volatilization from broadcast and band-applied liquid dairy manure on grass hay. P. 315 In
Agronomy abstracts. Amer. Soc. Agronomy, Madison, WI.

Jokela, B., S. Bosworth, and J. Tricou. 1999. Manure Application Methods for Corn Field Studies
on Direct Incorporation of Liquid Dairy Manure for Fall, Spring, and Sidedress Application

Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47 207


http://www.farmwest.com/index.cfm?method=library.showPage&librarypageid=139
http://www.farmwest.com/index.cfm?method=library.showPage&librarypageid=140
http://www.uvm.edu/%7Euvmext/publications/br1390/

in Corn LMWQ-4. Plant and Soil Sci. Dept., Univ. of Vermont, Burlington, VT.
http://pss.uvm.edu/vtcrops/NutrientMgt.htmI#TOP

Jokela, W.E., and J.J. Meisinger. 2004. Liquid manure: ammonia loss and nitrogen availability. P.
48-53 In Bittman, S and Kowalenko, C.G. (eds.) Advanced Silage Corn Management,
Pacific Field Corn Association, Agassiz, BC.
http://www.farmwest.com/index.cfm?method=library.showPage&librarypageid=140

Klausner, S. D. and R. W. Guest. 1981. Influence of NH; conservation from dairy manure on the
yield of corn. Agron. J. 73: 720-723.

Meisinger, J.J., and W.E. Jokela. 2000. Ammonia volatilization from dairy and poultry manure. p.
334-354. In Proc from Managing nutrients and pathogens from animal agriculture. Camp
Hill, PA. 28-30 Mar., 2000. NRAES-130. Ithaca, NY.

Misselbrook, T., J. Laws, and B. Pain. 1996. Surface application and shallow injection of cattle
slurry on grassland: nitrogen losses, herbage yields and nitrogen recoveries. Grass and
forage science. 51:270-277.

Misselbrook, T.H., T.J. Van der Weerden, B.F. Pain, S.C. Jarvis, B.J. Chambers, K.A. Smith,
V.R. Phillips, and T.G.M. Demmers. 2000. Ammonia emission factors for UK agriculture.
Atmosph. Environ. 34:871-880.

Pain, B.F. and T.H. Misselbrook. 1997. Sources of variation in ammonia emission factors for
manure applications to grassland. Gaseous nitrogen emissions from grasslands. (Eds) S.C.
Jarvis and B.F. Pain. pp.293-301. CAB Internat. Oxon, UK.

Schmitt, M.A., S.D. Evans and G.W. Randall. 1995. Effect of liquid manure application methods
on soil nitrogen and corn grain yields. J. Prod. Agric. 8:186-189.

Thompson, R.B. and J.J. Meisinger. 2002. Management factors affecting ammonia volatilization
from land-applied cattle slurry in the Mid-Atlantic USA. J. Environ. Qual. 31:1329-1338.

208 Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47


http://pss.uvm.edu/vtcrops/NutrientMgt.html#TOP
http://www.farmwest.com/index.cfm?method=library.showPage&librarypageid=140

	Nitrogen Content of Manure
	Pattern and Magnitude of Ammonia Volatilization
	Direct Incorporation Methods 
	References 



