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Nutrient management is one of the most
important aspects of modern land use planning.
Consequently, determining the most cost-effective and
environmentally sound approach to use fertilizers,
animal wastes, municipal biosolids, and other nutrient
sources has always been a high priority of the
University of Delaware’s College of Agriculture and
Natural Resources. Research on nutrient management
has been conducted by the faculty and staff of the
College for many years, expanding greatly in the last
two decades as public concerns about land use and
water quality have grown. Most research has focused
on the relationship between agricultural management
practices and nutrient losses to ground and surface
waters. However, in recent years the importance of
nutrient management planning for urban areas (lawns,
gardens, parks, golf courses, greenhouses and nurseries)
has received attention as well, as has the need to
manage municipal and industrial wastes that contain
nutrients (e.g., sewage sludges, municipal composts).
The types of studies conducted have varied widely, but
have generally fallen into the following categories:

# Field evaluations of improved nutrient
management practices that can reduce nutrient
loss and improve crop production efficiency; many
have been conducted under “on-farm” conditions
with cooperating farmers.

# Environmental “fate and transport” studies that
examine the effect of nutrient management
practices on soil and water quality and the safety
of our food chain.

# Watershed scale projects that have a more holistic
perspective, attempting to integrate socio-
economic factors into the nutrient management
planning process.

# Investigations of the basic chemical and physical
reactions that control nutrient availability and
losses to air and waters. These studies have had
the goal of providing the fundamental
understanding of nutrient interactions with soils
and waters that must underlie any truly effective
“best management practices.”

In the spirit of the land-grant system, the College
of Agriculture and Natural Resources has always
attempted to communicate the results of both basic and
applied research to the citizens of Delaware. We have
regularly developed bulletins, factsheets, videos, and
internet home pages. The goal has been to rapidly
disseminate the latest research findings to those who
may be able to use the information to develop more
effective nutrient management plans for all land uses.

This bibliography continues that effort by
providing a summary of the research and education
publications on nutrient management now available
from the faculty and staff of the College of Agriculture
and Natural Resources. If you are interested in
obtaining copies of any of the publications listed below,
please contact the author directly at the addresses
provided on the next page.
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Basic Principles of Nutrient Management

Sims, J.T., and K.L. Gartley. 1996. Nutrient management handbook for Delaware. Cooperative
Bulletin No. 59. University of Delaware.

The Nutrient Management Handbook for
Delaware is a comprehensive guide to
nutrient management for all major land uses in
Delaware, including production agriculture,
residential and commercial landscapes,
industrial lawns and athletic fields, and golf
courses.

The handbook is intended to serve as an
educational resource for those individuals
involved in or who advise others on any
aspect of nutrient management and/or land use
planning. It is equally appropriate as a
reference book for commercial producers or
homeowners. The handbook reflects the latest
research on nutrient management from
Delaware and nearby states with similar soils
and climates.

Chapters contain information on the basic
principles of nutrient management, soil
management considerations important to land
use planning, nutrient recommendations for
all major crops and plant types in Delaware,
and detailed step-by-step instructions for
preparing a site-specific, crop-specific

nutrient recommendation. Extensive reference
sections and appendices provide additional
sources of valuable information including
conversion factors for soil test results, a
glossary of nutrient management terms,
reference tables, Soil Test Notes and
Factsheets, and the names, office addresses,
and phone numbers of Cooperative Extension
personnel involved in nutrient management.

Copies of the Nutrient Management
Handbook for Delaware are available from
the University of Delaware Soil Testing
Program for a fee of $50.00. For additional
information on this or other publications
available from the University of Delaware
Soil Testing Program, contact:

Karen Gartley, Director
University of Delaware Soil Testing Program
152 Townsend Hall
Newark, DE 19716-2170
Voice:  (302) 831-1392
FAX:  (302) 831-0605
E-mail: kgartley@udel.edu
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Nutrient Management and Environmental Quality

Bacon, J., J. Farkasova, C. Gempesaw, and J. Martin. 1995. 1994 Delmarva poultry grower
questionnaire summary. Food and Resource Economics Pamphlet No. 109. University of Delaware.

Barton, S.S. 1989. Fertilizer application and equipment calibration. Nonpoint source pollution.
Factsheet NPS 3. University of Delaware.

Barton, S.S. 1989. Fertilizer basics. Nonpoint source pollution. Factsheet NPS 2. University of
Delaware.

Beegle, D.B., L.E. Lanyon, and J.T. Sims. 2002. Nutrient balance. p. 171-192. In P.M. Haygarth,
and S.C. Jarvis (ed.) Agriculture, hydrology, and water quality. CAB International, Oxfordshire, UK.

Bergstrom, L., B.T. Bowman, and J.T. Sims. 2005. Definition of sustainable and unsustainable
issues in nutrient management of modern agriculture. Soil Use and Management 21:76-81.

Chesapeake Bay Publications Committee. 1984. Best management practices for nutrient uses in the
Chesapeake basin. Cooperative Extension Bulletin No. 308. University of Maryland.

Coale, F.J., E. Baugher, J.T. Sims, and A.B. Leytem. 2000. Accelerated deployment of an
agricultural nutrient management tool in response to local government policy: The Maryland
phosphorus site index. In Proceedings of the International Conference on Agricultural Effects on
Ground and Surface Waters, Wageningen, The Netherlands. October 1-4, 2000.

Duke, J.M. 1999. Delaware’s new nutrient management law. In Integrating Economic Theory and
Geographic Information Systems to Manage Non-Point Source Pollution from Agriculture Annual
Meeting Proceedings. Northeastern Agricultural and Research Economics Association, Morgantown,
WV. June 1999.

Dukes, M.D., and W.F. Ritter. 2000. Validation of GLEAMS nutrient component for wastewater
application in the Mid-Atlantic states. Bioresources Technology 74:89-102.

Farkasova, J. 1995. Factors affecting the adoption of environmental practices by poultry growers.
Master’s Thesis. University of Delaware.

Gartley, K.L., and J.T. Sims. 1994. Phosphorus soil testing: Environmental uses and implications.
Communications in Soil Science and Plant Analysis 25:1565-1582.

Goggin, N., J. McDermott, and J.T. Sims. 1998. Developing and implementing research-based
environmental policy for water quality protection: Delaware’s experience. p. 140-147. In T. Petchey
and B. D’Arcy (ed.) Proceedings of the 3rd International Conference on Diffuse Pollution,
Edinburgh, Scotland. August 31-September 4, 1998.
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Gold, A.J., and J.T. Sims. 2005. Eutrophication. p. 486-494. In D. Hillel (ed.) Encyclopedia of soils
in the environment. Vol. 1. Elsevier Ltd., Oxford, UK.

Hansen, D.J. 2000. State regulatory issues and implications: Eastern USA. In Proceedings of the
National Poultry Waste Management Symposium. October 16, 2000.

Hansen, D.J. 2000. Total maximum daily loads (TMDLs). Nutrient Notes 1:6. Delaware Nutrient
Management Commission, Dover.

Hansen, D.J. 2002. What’s new in nutrient management? p. 57. In Proceedings of the 2002
Delmarva Breeder, Hatchery, and Growout Conference, Delmar, MD. September 2002.

Hansen, D.J. 2003. Nutritional strategies to reduce nutrient loss to manure. Chapter 2. In Model
certification training program for operators of concentrated animal feeding operations. Midwest Plan
Service, Ames, IA.

Hansen, D.J., and G.D. Binford. 2000. Moving toward regulation: The Delaware experience. In
Proceedings of the Animal Residuals Management Conference, Kansas City, MO. November 13,
2000.

Hansen, D.J., and G.D. Binford. 2001. Nutrient management education in Delaware. p. 13. In
Proceedings of the 2nd Northeast Cooperative Extension Natural Resources and Environmental
Management (NREM) Conference, Burlington, VT. October 2001.

Hansen, D.J., and G.D. Binford. 2003. Water quality education for farms and cities. In Proceedings
of the NAAEE 32rd Annual Conference, Anchorage, AK. October 7-11, 2003.

Hansen, D.J., and G.D. Binford. 2004. Nutrient management certification for Delaware: Developing
a water quality curriculum. Journal of Natural Resources and Life Sciences Education 33:143-146.

Hansen, D.J., G.D. Binford, and W.R. Rohrer. 2003. Informing the public: Water quality and
nutrient management education in Delaware. In National Water Quality Coordinators Conference
Proceedings. January 15, 2003.

Hansen, D.J., G.D. Binford, and W.R. Rohrer. 2003. Regulating CAFO's in Delaware. In
Proceedings of the AWRA Specialty Conference on Agricultural Hydrology and Water Quality,
Kansas City, MO. May 12, 2003.

Hansen, D., and G. Malone. 1999. Delmarva nutrient management legislation workshop handbook.
Salisbury, MD. November 17, 1999.

Hansen, D.J., and G. Malone. 2000. Poultry grower responsibilities under the Delaware nutrient
management law. Nutrient Management Bulletin NM-05. University of Delaware.
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Hansen, D.J., and G.W. Malone. 2000. The 1999 Delaware nutrient management act. Nutrient Notes
1:1. Delaware Nutrient Management Commission, Dover.

Hillel, D., J.L. Hatfield, D.S. Powlson, C. Rosenweig, K.M. Scow, M.J. Singer, and D.L. Sparks
(ed.) 2005. Encyclopedia of soils in the environment. Elsevier Ltd., Oxford, UK.

Leytem, A.B., and J.T. Sims. 1999. Nutrient management for Delaware agriculture: Developing a
comprehensive nutrient management plan. Nutrient Management Factsheet NM-02. University of
Delaware.

Leytem, A.B., J.T. Sims, and F.J. Coale. 1999. The phosphorus site index: A systematic approach
to assess the risk of nonpoint source pollution of Delaware waters by agricultural phosphorus.
Version 1.0: A working draft for Delaware. University of Delaware.

Mackenzie, J., J. Martin, N. Gedamu, and T.C. Thomas. 2002. Delaware Inland Bays Watershed
nutrient management project - spatial analysis and GIS tasks. University of Delaware Home Page,
http://www.udel.edu/FREC/spatlab/

Malone, G.W. 2001. Use of trees and shrubs as breaks around poultry houses. p. 21-24. In
Proceedings of the 25th Annual North Carolina Turkey Industry Days and Poultry Supervisor’s
Short Course, Raleigh, NC. October 10, 2001.

Malone, G. 2003. The benefits of planting trees around poultry farms. p. 13. In Proceedings of the
Poultry Federation Annual Symposium, Springdale, AR. April 8, 2003.

Malone, G.W., and D. Donnelly. 2001. Environmental and production benefits of trees for poultry
farms. Cooperative Bulletin No. 158. University of Delaware.

Malone, G.W., and D. Donnelly. 2001. The benefits of planting trees around poultry farms.
Cooperative Bulletin No. 159. University of Delaware.

Malone, G.W., and D. Donnelly. 2001. Trees for poultry farms: Issues and opportunities. p. 21-23.
In Proceedings of the Delmarva Breeder, Hatchery, and Growout Conference, Delmar, MD.
September 12, 2001.

Malone, G., D. Donnelly, and S. Kepfer. 2002. A demonstration of planting trees around poultry
farms. Poultry Science: Supplement 2002.

Malone, G.W., and D.J. Hansen. 2000. Nutrient management plans. Nutrient Notes 1:3. Delaware
Nutrient Management Commission, Dover. 

Malone, G., and G. Van Wicklen. 2002. Trees as a vegetative filter around poultry farms. p. 271-
277. In Proceedings of the National Poultry Waste Management Symposium, Birmingham, AL.
October 20, 2002.
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Malone, G., G. Van Wicklen, and S. Collier. 2003. Update on tree plantings around poultry farms.
p. 16-18. In Proceedings of the Delmarva Breeder, Hatchery, and Growout Conference, Delmar,
MD. September 10, 2003.

Michel, K., J. Bacon, C. Gempesaw, and J. Martin. 1996. Nutrient management by Delmarva poultry
growers: A survey of attitudes and practices. Food and Resource Economics Research Report
FREC-RR 96-01.

Pautler, M.C. 2004. Institute of Soil and Environmental Quality. University of Delaware Home
Page, http://ag.udel.edu/other_websites/iseq

Pautler, M.C. 2004. University of Delaware environmental soil management research group.
University of Delaware Home Page, http://ag.udel.edu/envsoil

Pierzynski, G.M., J.T. Sims, and G.F. Vance. 1994. Soils and environmental quality. Lewis
Publishers, Inc., Chelsea, MI.

Pierzynski, G.M., J.T. Sims, and G.F. Vance. 2000. Soils and environmental quality. 2nd ed. CRC
Press, Boca Raton, FL.

Pierzynski, G.M., J.T. Sims, and G.F Vance. 2005. Soils and environmental quality. 3rd ed. CRC
Press, Boca Raton, FL.

Ritter, W.F. 1986. Nutrient budgets for the inland bays. Report for Delaware Department of Natural
Resources and Environmental Control, Dover, DE.

Ritter, W.F. 1988. Groundwater quality contamination from poultry manure. p. 107-111. In
Proceedings of the National Poultry Waste Management Symposium, Columbus, OH. April 18-19,
1988.

Ritter, W.F. 1988. Nonpoint source pollution in Delaware’s inland bays. American Society of
Agricultural Engineers Paper No. 88-2083.

Ritter, W.F. 1989. Nitrate leaching under irrigation in the United States - a review. Journal of
Environmental Science and Health, Part A - Environmental Science and Engineering A24:349-378.

Ritter, W.F. 1989. The impacts of poultry wastes on surface water quality. Paper presented at the
USDA-EPA Symposium on the Clean Water Act and the Poultry Industries, Washington, DC. 

Ritter, W.F. 1990. Impact of agriculture on ground water quality on the Delmarva Peninsula. p. 279-
287. In Proceedings of the American Society of Civil Engineers National Conference on Irrigation
and Drainage Engineering, Durango, CO. July 11-13, 1990.
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Ritter, W.F. 1990. Land application of food processing residual wastes. In Proceedings of the
Pennsylvania Food Processing Waste Management Conference, Hershey, PA. November 14-15,
1989.
Ritter, W.F. 1990. Manure management manual. Manual for economic and pollution evaluation of
livestock manure management systems. Report for the Pennsylvania Department of Environmental
Resources, Harrisburg, PA.

Ritter, W.F. 1991. Nutrient loads to Delaware’s inland bays estuary. p. 732-738. In Proceedings of
the American Society of Civil Engineers National Irrigation and Drainage Engineering Conference,
Honolulu, HI. July 22-26, 1991.

Ritter, W.F. 1991. Phosphorus transport from Delaware’s rural watersheds. p. 739-744. In
Proceedings of the American Society of Civil Engineers National Irrigation and Drainage
Engineering Conference, Honolulu, HI. July 22-26, 1991.

Ritter, W.F. 1991. Poultry system design and management of environmental protection. p. 82-93.
In Proceedings of the Livestock Industry and Environmental Conference, Ames, IA. October 31-
November 1991.

Ritter, W.F. 1992. Delaware’s inland bays: A case study. Journal of Environmental Science and
Health, Part A - Environmental Science and Engineering A27:63-68.

Ritter, W.F. 1994. Strategies for phosphorus reduction in the Appoquinimink watershed. American
Society of Agricultural Engineers Paper No. 94-2188.

Ritter, W.F. 2000. BMP’s to reduce nutrient loads in Delaware’s Inland Bays. CDROM. In
Proceedings of the American Society of Civil Engineers Watershed Management Conference, Fort
Collins, CO. June 20-24, 2000.

Ritter, W.F. 2003. Integrated water resources management for the Delaware Inland Bays watershed.
p. 389-398. In Proceedings of the 2nd USCID International Conference on Irrigation and Drainage,
Phoenix, AZ. May 12-15, 2003.

Ritter, W.F. 2003. Potential for reducing nutrient loads to the Chesapeake Bay with improved
livestock waste management. In Proceedings of the 9th International Symposium on Animal
Agriculture and Food Processing Wastes, Raleigh, NC. October 12-15, 2003.

Ritter, W.F., and A.E.M. Chirnside. 1984. Impact of land use on groundwater quality in southern
Delaware. Ground Water 22:38-48.

Ritter, W.F., A.E.M. Chirnside, and R.W. Lake. 1989. Best management practices impacts on water
quality in the Appoquinimink watersheds. Journal of Environmental Science and Health, Part A -
Environmental Science and Engineering A24:897-924.
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Ritter, W.F., A.E.M. Chirnside, and R.W. Scarborough. 1985. Effect of best management practices
on water quality in the Appoquinimink watershed. p. 244-251. In Proceedings of the 1985 American
Society of Civil Engineers Irrigation and Drainage Division Conference, San Antonio, TX. July 16-
19, 1985.

Ritter, W.F., A.E.M. Chirnside, and R. Scarborough. 1997. Effect of crop rotations on ground water
quality. p. 265-270. In F.M. Holly, Jr., and A. Alsaffar (ed.) Groundwater: An endangered resource.
Proceedings of the 27th Congress of the International Association for Hydraulic Research, San
Francisco, CA. Aug. 10-15, 1997. American Society of Civil Engineers, New York.

Ritter, W.F., F.J. Humenik, and R.W. Skaggs. 1989. Irrigated agriculture and water quality in the
east. Journal of Irrigation and Drainage Engineering 115:807-822.

Ritter, W.F., and R.W. Scarborough. 1995. Cost of nutrient management regulations for dairy
farmers in the Chesapeake Bay watershed. p. 496-503. In Proceedings of the 7th International
Symposium on Agricultural and Food Processing Wastes, Chicago, IL. June 18-20, 1995.

Ritter, W.F., R.W. Scarborough, and A.E.M. Chirnside. 1988. Irrigation and nitrogen management
impacts on groundwater quality. p. 468-475. In Proceedings of the American Society of Civil
Engineers National Irrigation and Drainage Conference, Lincoln, NE. July 19-21, 1988.

Ritter, W.F., and A. Shirmohammadi (ed.) 2000. Agricultural nonpoint source pollution: Hydrology
and watershed management. CRC/Lewis Publishers, Boca Raton, FL.

Sharpley, A.N., T.C. Daniel, J.T. Sims, and D.H. Pote. 1996. Determining environmentally sound
soil phosphorus levels. Journal of Soil and Water Conservation 51:160-166.

Sharpley, A N., J.J. Meisinger, A. Breeuwsma, J.T. Sims, T.C. Daniel, and J.S. Schepers. 1997.
Impacts of animal manure management on ground and surface water quality. p. 173-242. In J.L.
Hatfield (ed.) Effective management of animal waste as a soil resource. John Wiley and Sons, New
York.

Sharpley, A.N., J.T. Sims, T.C. Daniel, R. Wedepohl, and S. Chapra. 1994. Managing agricultural
phosphorus for protection of surface waters: Issues and options. Journal of Environmental Quality
23:437-541.

Sharpley, A.N., J.T. Sims, and G.M. Pierzynski. 1994. Innovative soil phosphorus availability
indices: Assessing inorganic phosphorus. p. 115-142. In J.L. Havlin (ed.) Soil testing: Prospects for
improving nutrient recommendations. Special Publication No. 40, American Society of Agronomy,
Madison, WI.

Sims, J.T. (ed.) 1993. Agricultural research in the northeastern United States: A critical review by
soil and crop scientists. Special Publication, American Society of Agronomy, Madison, WI.
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industry. In Proceedings of the American Feed Industry Nutrition Council Symposium, Animal
Nutrition: The Environmental Perspective, St. Louis, MO. November 10, 1994.
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Sims, J.T. 1999. Soil fertility evaluation. p. D113-D151. In M.E. Sumner (ed.) Handbook of soil
science. CRC Press, Boca Raton, FL.
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