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Executive Summary:

This literature review was conducted to see if there is evidence that voluntary programs, specifically related to livestock production and nutrient management, are effective.  Since no studies were found that specifically answered such a question, we attempted to simply list the literature that we felt supplied some indication of the effectiveness of voluntary programs and use this summary to attempt to provide some interpretations of the results.
From the literature, it is readily apparent that voluntary programs can work.  References 1 through 6 document multi-year studies where agricultural BMP’s were implemented on a voluntary basis and water quality improvements were measured.  Most of these study watersheds had substantial cost share dollars invested in a wide variety of voluntary BMP’s.  Even with investments like this, some studies (7, 8) have not been able to document water quality improvements.  Often, limited sampling time and slow movement of groundwater are cited as primary reasons.  Several other projects are on-going and have successfully implemented BMP’s including nutrient management but have not presented water quality data (9, 10).  

Several modeling studies (11,12) have also shown that implementation of BMP’s, including nutrient management, will improve water quality.  Some of these models are used to shed insight into effective programs. One (13) suggests that non-structural BMP’s with nutrient management would present the most cost effective solution while an economic analysis in Georgia (14) suggests that cost share programs may be necessary to overcome economic risks and uncertainty. 
Very few studies have looked at nutrient management in particular but the U.S. EPA does present a National summary on the effectiveness of nutrient management that indicates an average of a 35% reduction in total Phosphorus (P) loads and a 15% reduction in total nitrogen (N) loads can be obtained through nutrient management (15).  A national white paper on nutrient utilization (16) points out that it may be difficult for farmers to reduce their impacts through nutrient management because of the complexity of some plans, the yield risks associated more precise nutrient applications, and the general lack of knowledge concerning nutrient management.  Further evidence of this may be found in another study conducting on 18 farms in the Georgia Piedmont (17).  Nutrient concentrations in the base flow leaving these farms were lower than the concentrations entering the farm 75% of the time.  Even during storm events, most farms had lower levels of P downstream than coming onto the farm.  While only about 25% of these farms were poultry farms, most of them used poultry litter for soil fertility.  The farmers involved in this project did receive education and assistance with nutrient management, and the project also showed reductions in nutrient concentrations over time which could indicate successful voluntary education efforts.
From the preceding discussion it is apparent that BMP’s, including nutrient management can improve water quality if successfully implemented.  With voluntary programs, however, very little is known about compliance and implementation rates.  The Georgia Forestry Commission has developed one of the leading programs in the nation on measuring compliance rates of voluntary BMP implementation (18).  Every other year, they conduct a detailed survey of randomly selected forest harvesting sites to determine BMP compliance rates.  In their 2002 annual report they examined 420 sites and found an overall compliance rate of 86% with 99.1% of the total acres in compliance with all BMP’s.  Other studies (19, 21) have found that voluntary programs that have reportable results, assessment protocols, or financial incentives are more likely to be implemented.  European experiences indicate that voluntary programs work best where people already have some incentive to change behavior, when the scale of environmental impacts does not warrant regulation, or when monitoring and enforcement of regulations would be so difficult that the program would lack credibility.  While these studies also indicate that there is little information available to determine success of any policy implementation methods, their experiences suggest that voluntary programs have been more successful in reducing the impacts of pollutants that have a cost, such as pesticides, and may not work as well for items like nutrients and animal waste where moving the material off-farm may cost the farmer.  This would be true of liquid waste materials in Georgia, however, most farms have ready markets for dry poultry litter.  One part of this study contrasts experiences in the Netherlands, where the nutrient management regulations are some of the strictest in the world, with the voluntary programs implemented in France. They find that both approaches had similar successes in terms of water quality improvements. Other studies (20) suggest that voluntary programs that develop off-farm markets for poultry litter and work to improve feed utilization and immobilize excess nutrients should be adequate to protect water quality without negatively affecting the economics of the poultry industry.
Water Quality Studies:

Improvement in Water Quality:

1. The Rural Clean Water Program is a federally sponsored non-point source pollution control program designed to address agricultural non-point source pollution.  It is an extensive 10-year experimental program conducted by the National Water Quality Evaluation Project at North Carolina State University in cooperation with the USDA and USEPA.  Twenty one projects were conducted during a the 10-year period over a wide range of pollution problems and impaired water uses.  The study areas were located in 22 states and involved the implementation of BMPs to reduce non-point source pollution and subsequent water quality monitoring to measure improvement.  Landowner participation was voluntary although farmers were offered cost sharing and technical assistance as incentives for implementing recommend BMPs.  

Delaware:  Water quality monitoring in the Appoquinimink River project indicated a 60% decrease in phosphorus and a 90% decrease in sediment reaching an impaired water body as the result of implementation of conservation tillage and animal waste management BMPs. 

Florida:  Fencing, water management, and animal waste management systems in the Taylor Creek-Nubbin project have reduced phosphorus concentrations in water entering Lake Okeechobee by more than 50%.

Oregon:  Innovative animal waste management systems installed on dairies in the Tillamook Bay project reduced bacterial contamination of oyster beds in the bay, resulting in re-opening of shellfish beds to harvesting.

Idaho:  Water management and sediment control BMPs reduced sediment and phosphorus concentrations in return flows from irrigated land in the Rock Creek project.  Improvements in the ability of the stream to support designated uses were documented through monitoring of in-stream habitats, benthic macroinvertebrates, and fish populations.

Utah:  Animal waste management systems decreased phosphorus concentrations in Snake Creek, thereby reducing the impact of agricultural activity on Deer Creek Reservoir, an important water supply for Salt Lake City.

Alabama:  All of the Lake Tholocco project critical area was treated with BMPs to reduce sediment and fecal coliform bacteria levels in runoff from surrounding cropland.  Reductions in fecal coliform levels made possible the re-opening of the lake to fishing, boating, water skiing, and other recreational uses.

Vermont:  The St. Albans Bay project successfully employed a paired watershed study to document the pollutant export reduction associated with changing from the practice of spreading manure on frozen ground to the manure management BMP in association with waste storage structures.  Significant reductions in indicator bacteria levels were documented in tributaries.  Violations of water quality standards at the public swimming beach declined.  

For more information:

h2osparc.wq.ncsu.edu/info/rcwp/

2. Brannan, K.M., S. Mostaghimi, P.W. McClellan, S. Inamdar, 2000.  Animal Waste BMP Impacts on Sediment and Nutrient Losses in Runoff from the Owl Run Watershed.  Transactions of the ASAE, Vol 43(5):  1155-1166.

Summary:  The results of the 10-year study conducted in the Owl Run watershed clearly indicate the beneficial impacts of the best management practices (BMPs) on the surface water quality.  The main objective of the study was to determine the effectiveness of a system of animal waste BMPs for improving surface water quality.  Precipitation, stream flow, total suspended solids, nitrogen (N), and phosphorus (P) water quality parameters were measured at the main outlet and in three sub-watersheds.  Pre- and post-BMP comparisons of annual water quality parameters were performed.  Reductions in all forms of N and most forms of P were observed due to the implementation of BMPs.  For the average annual values at the main watershed outlet, BMPs were effective in reducing both loads and concentrations of all forms of N with the largest reductions in soluble organic N (62%) and the smallest reduction for nitrate-N (35%).  Furthermore, BMPs were effective in reducing both loads and concentrations of most forms of P with the largest reductions in particulate-P.  The system of BMPs implemented in the Owl Run watershed was effective in reducing nutrient loadings, especially N loadings.  However, when P is the main water quality concern, implementation of P-based nutrient management plans should be considered.  

The following BMPs were implemented on a farm by farm basis in the Owl Run watershed:  nutrient management plans, stream fencing, manure storage structures, watering troughs, stream crossings, winter cover crops, field strip cropping, and grassed waterways.  These BMPs lead to reduced sediment load and concentration from the entire watershed by 19% and 35% respectively, reduced both loads and concentrations of all forms of N, reduced loads and concentrations of most forms of P and increased concentration of orthophosphorus-P after BMP implementation.

3. Inamdar, S.P., S. Mostaghimi, M.N. Cook, K.M. Brannan, P.W. McClellan, 2002. A Long-term, Watershed-scale, Evaluation of the Impacts of Animal Waste BMPs on Indicator Bacteria Concentrations.  Journal of the American Water Resources Association, Vol 38(3): 819-833.

Summary:  Driven by increasing concerns about bacterial pollution from agricultural sources, states such as Virginia have initiated cost sharing program that encourage the use of animal waste best management practices (BMPs) to control this pollution.  The focus of this research was to evaluate the effectiveness of BMPs in reducing bacterial pollution at the watershed scale over the long term.  To accomplish this goal, a 1,163 ha watershed located in the Piedmont region of Virginia was monitored over a ten year period.  Fecal coliforms (FC) and fecal streptococci (FS) were measured as indicators of bacterial pollution.  Major BMPs implemented were manure storage facilities, stream fencing, water troughs, and nutrient management.  Seasonal Kendall trend analysis revealed a significant decreasing trend during the post BMP period for FC concentrations at the watershed outlet, but not at the sub-watershed level.  Implementation of BMPs also resulted in significant reduction in the geometric mean of FS concentrations.  FC concentrations in stream flow at the watershed outlet exceeded the Virginia primary standard 86 and 74 percent of the time during pre-BMP and post-BMP periods, respectively.  Corresponding exceedances for the secondary standard were 50 and 41 percent.  Violations decreased only slightly during the post-BMP period.  The findings of this study suggest that although BMP implementation can be expected to accomplish some improvement in water quality, BMP implementation alone may not ensure compliance with current water quality standards.

4. Edwards, D.R., T.C. Daniel, H.D. Scott, P.A. Moore, J.F. Murdoch, P.F. Vendrell, 1997.  Effect of BMP Implementation on Storm Flow Quality of Two Northwestern Arkansas Streams.  Transactions of the ASAE.  Vol 40(5): 1311-1319.

Summary:  The objective of this study was to determine whether a program of Best Management Practice (BMP) implementation in the Lincoln Lake watershed of northwestern Arkansas was effective in reducing storm stream-flow concentrations and mass transport of nitrate nitrogen (NO3-N), ammonia nitrogen (NH4-N), total Kjeldahl nitrogen (TKN), ortho-phosphorus (PO4-P), total phosphorus (TP), chemical oxygen demand (COD), and total suspended solids (TSS).  Storm flow quality of the two main tributaries to Lincoln Lake was monitored from September 1991 to April 1994.  Significant decreases from (23 to 75% per year) in both concentrations and mass transport of NO3-N, NH3-N, TKN, and COD occurred concurrently with BMP implementation.  The decreases in nitrogen and COD concentrations and mass transport are attributed to BMP implementation, and the BMP most responsible for these decreases is most likely nutrient management.

5. McCoy, J.L., M. Sigrist, J. Jaber, 2003.  Upper Pocomoke Agricultural BMP Evaluation Project.  American Water Resources Association, 2003 Spring Specialty Conference.  

Summary:  In 1994, the Wicomico Soil Conservation District, Maryland Department of Natural Resources, and the US Geological Survey collaborated on a project demonstrating the effect of nutrient and poultry little management on water quality.  Two watersheds were studied, a treatment or BMP watershed and a control watershed.  The BMPs used in the project included the implementation of nutrient management plans (using poultry litter as a source of nutrients) and planting cover crops on all available cropland. These BMPs were cost-shared through either Maryland’s Agricultural Cost Share Program or through the Wicomico Soil Conservation District.  Pre- and post-BMP data were monitored at two USGS monitoring stations.  Pre-BMP nutrient budgets from 1994 to 1998 showed that both treatment and control watersheds had net surpluses of N and P.  After BMP implementation in 1998, nutrient budgets for the treatment watershed showed net surpluses of N and P, but that the surplus had decreased by 92% for N and 98% for P.  

6. Walker, J.F., D.J. Graczyk, 1993.  Preliminary Evaluation of Effects of Best Management-Practices in the Black Earth Creek, Wisconsin, Priority Watershed.  Water Science and Technology.  Vol 28(3-5):  539-548.

Summary:  The Wisconsin Nonpoint Source Water Pollution Abatement Program provides matching money for voluntary implementation of various best management practices (BMPs).  The U.S. Geological Survey, in cooperation with the Wisconsin Department of Natural Resources, monitored water quality in the Black Earth Creek watershed in southern Wisconsin from October 1984 through September 1986 (pre-BMP conditions). BMP implementation began during the summer of 1989 and continued through 1993.  Data collection resumed in fall 1989 and is intended to provide information during the transitional period of BMP implementation (1990-93) and 2 years of post-BMP conditions (1994-95).  Preliminary results presented for two subbasins in the Black Earth Creek watershed (Brewery and Garfoot Creeks) are based on data collected during pre-BMP conditions and the first 3 years of the transitional period.  Data collected to date (1992) indicate statistically significant differences in storm mass transport of suspended sediment and ammonia nitrogen at Brewery Creek.  The central tendency of the regression residuals has decreased with the implementation of BMPs; hence, the improvement in water quality in the Brewery Creek watershed is likely a result of BMP implementation.  Differences in storm mass transport at Garfoot Creek were not detected, primarily because of an insufficient number of storms in the transitional period.  As practice implementation continues, the additional data will be used to determine the level of management, which results in significant improvements in water quality in the two watersheds.  

No Improvement in Water Quality:

7. Wolf, A.T., 1995.  Rural Nonpoint-Source Pollution-Control in Wisconsin – The Limits of a Voluntary Program.  Water Resources Bulletin.  Vol 31(6): 1009-1022.

Summary:  This paper looks at the relationship between BMPs, institutional needs, and improved water quality within the watersheds of Wisconsin’s program for controlling rural nonpoint source pollution.  The emphasis of the paper is the institutional difficulty in evaluating success of a large water quality program.  Measurements investigated for this study include:  water quality before and after BMP implementation, program participation, necessary vs. implemented BMPs, and institutional goal coordination and management effectiveness.  The author found that although Wisconsin’s NPS program is large and sophisticated, there has been little water quality improvement, likely due to lack of participation in the voluntary programs.

8. Boyer, D.G., 2003.  Agricultural Water Quality Improvement Program Effectiveness for Carbonate Aquifers.  American Water Resources Association, 2003 Spring Specialty Conference.

Summary:  This study involved studying water quality of two karst basins in West Virginia to determine the effects of grazing agriculture.  One basin received funding for BMPs under the President’s Initiative for Water Quality and the Environmental Quality Incentives Program (EQIP), while the other basin’s BMPs were funded solely by EQIP.  After 11 years of study there is little evidence that water quality in the two basins, primarily grazed by beef cattle and sheep, improved.  One basin appeared to have improved water quality a few years into the study, however, this was not attributed to BMP implementation.  Lack of improved water quality does not necessarily mean the voluntary BMP programs do not work.  Karst areas have unusual characteristics, which make understanding their hydrology difficult to understand.  The author suggests that studies on smaller target areas may show water quality improvement in karst areas, as was demonstrated by one subterranean stream in this study that improved after cattle were removed from its recharge area.

Projects that should yield more information

9. Basden, Thomas J.  Changes in Poultry Production Strategies to Improve Water Quality:  1994 to 1999.  West Virginia University, WV.  

This work is being conducted in conjunction with the Cooperative State Research, Education, and Extension Service (CSREES).  

Summary:  The poultry industry in the area around the headwaters of the Potomac has increased 100% between 1993 and 1996.  The houses are producing 90 million broilers and 4.5 million turkeys each year, which produce 160,000 tons of litter per year.  Water quality has become a concern, especially since a USGS surface water study found correlation between the number of poultry houses per mile and fecal bacteria concentrations in streams.  This project is geared toward protecting and improving water quality utilizing voluntary producer implementation of recommended best management practices and other systems.  To date, producers are implementing recommended practices and systems.  No data has been recorded to prove or disprove that voluntary programs improve or protect water quality.  However, data collection is identified as an important next step in this project.

For more information:  

www.usawaterquality.org/2003conference/posters/Basden.pdf

10. Suwannee River Partnership:  Suwannee River Nutrient Management Working Group.  On-Farm Research Program.  FL.

This work is being conducted as part of a BMP Effectiveness 319 Project being carried out by the Suwannee River Partnership.  It is also a voluntary program.  This project began in 2000, with pre-BMP water quality measurements at three farms (dairy, poultry, and row crop) that had not implemented BMPs.  During 2001, NRCS developed conservation plans for the dairy and poultry farms and developed implementation plans for all three farms.  The recommended BMPs were implemented at all three farms in 2001 and 2002.  The Suwannee River Partnership will monitor three wells (one at each farm) over the next five years to determine the effect of the installed BMPs on water quality.

For more information:

http://www.srwmd.state.fl.us/features/suwannee+river+partnership/default1.htm
Modelling Studies:

11. Hamlett, J.M., D.J. Epp, 1994.  Water-Quality Impacts of Conservation and Nutrient Management-Practices in Pennsylvania.  Journal of Soil and Water Conservation.  Vol 49(1): 59-66.

Summary:  This study used a field-scale computer model, CREAMS, to assess impacts of BMPs and nutrient management programs on sediment and nutrient losses three locations in the Chesapeake Bay drainage area in Pennsylvania.  Several BMPs were evaluated and CREAMS simulations were conducted for runoff, erosion, sediment and nutrient delivery, percolation, and nitrate leaching.  Two nutrient management programs (a “traditional” baseline  and an “improved” program) were evaluated in combination with the BMPs.  CREAMS predicted the BMPs themselves to increase percolation, decrease runoff, increase nitrate leaching and reduce sediment-associated N and P losses.  The improved NMP reduced nitrate leaching and reduced P losses (not sediment-associated).  The study found that BMPs in conjunction with improved NMPs do effectively reduce sediment and total nutrient losses. 
12. Santhi, C., J.G. Arnold, J.R. Williams, L.M. Hauck, W.A. Dugas, 2001.  Application of a Watershed Model to Evaluate Management Effects on Point and Nonpoint Source Pollution.  Transactions of the ASAE.  Vol 44(6): 1559-1570.

Summary:  This study employed the Soil and Water Assessment Tool (SWAT) to quantify the effects of BMPs related to dairy manure management and municipal wastewater treatment plant effluent on a watershed scale.  The results of this study will help determine if cost-share programs for BMP implementation should be explored in the North Bosque River Watershed, Texas.  BMP scenarios were input into SWAT, which was able to quantify effects of the BMPs in the long term.  The BMP scenarios input are as follows:  existing conditions, future conditions coupled with either dairy BMPs (manure haul off, crop P requirement rate, P diet reduction in animal feed), WWTP BMPs (WWTP effluent levels of P at 0.5, 1.0, 2.0 mg/L), or combined WWTP and dairy BMPs.  Results of SWAT’s BMP simulations are presented as time-weighted (TW) concentrations (average of daily load divided by daily flow over a year) and flow-weighted (FW) concentrations (total cumulative load divided by total cumulative flow over a year).  The results of this study revealed that WWTP BMPs resulted in greater improvement in time-weighted in-stream soluble P concentrations than dairy BMPs.  Dairy BMPs made greater differences in flow-weighted concentrations.  The authors concluded that the SWAT model could be a useful tool to measure the effectiveness of different management scenarios from point and nonpoint sources of pollution in watersheds.  

Economic Evaluations of BMP Effectiveness:

13. Epp, D.J., J.M. Hamlett, 1996.  Cost Effectiveness of Conservation and Nutrient Management Practices in Pennsylvania.  Journal of Soil and Water Conservation.  Vol 51(6): 486-494.

Summary:  This study evaluated changes in field costs and revenues with seven conservation BMPs and two nutrient management programs for three sites in the Susquehanna River Basin in Pennsylvania.  BMP implementation costs, field operation rests, and crop revenues were calculated with each BMP as well as with a baseline condition representing present practices.  The present value of the net field revenue over 10 years for each BMP/NMP was compared to that of the baseline for cost effectiveness in reducing sediment, nitrogen, and phosphorus losses.  Nonstructural BMPs produced less reduction in net field income than did structural BMPs and in some instances, increased net field income even without cost-sharing.  When combined with NMPs, the non-structural BMPs produced higher net field incomes than the NMP/structural BMP combination.  The study found the most cost effective BMP/NMP combinations were no-till, filter strip, and strip crop with waterways coupled with an “improved” NMP.  
14. Sun, H.L, J. Houston, J. Bergstrom, 1996.  Economic Analysis of Best Management Practices in the Gum Creek Watershed Water Quality Program.  Journal of Soil and Water Conservation.  Vol 51(2): 176-180.

Summary:  This study looked at expected returns and the environmental effects of implementing best management practices under risky or uncertain conditions.  Through stochastic analysis, economically preferred BMPs, trade-offs, and opportunity costs of altering current practices were revealed.  The study found that the control of nonpoint source pollution through crop production and water management practices alone could be very expensive and very limited.  The authors suggest that a federal cost-share program, designed to provide incentives to farmers to adopt economically efficient and environmentally acceptable BMPs could make nonpoint source pollution control more feasible.  

15.  U.S. Environmental Protection Agency, National Management Measures to Control Nonpoint Source Pollution from Agriculture. Section 4A: Nutrient Management.  http://www.epa.gov/owow/nps/agmm/
This report gives some indication of the effectiveness of nutrient management primarily through reductions in application rates.  This includes both regulated and voluntary programs. The following reports of reductions in nutrient use are cited:
· Maryland, 34 lbs N and 41 lbs P2O5 per acre through NMP implementation,

· Chesapeake Bay Basin,  31 lbs N and 37.5 lbs TP through NMP implementation,

· Iowa, 15 lbs less N due to educational efforts,

· Minnesota, 29-49 lbs less N per acres through nutrient management

· Lake Erie, downward trends in P loads from 1970-1993 indicate agricultural controls have been effective, and

· Pennsylvania, 40% reduction in N use statewide following improved recommendations and NMPs.

They present a summary table on the literature findings related to the effectiveness of nutrient management that states the Nutrient Management will average a 35% reduction in total P loads and a 15% reduction in total N loads.

16. Risse, L.M. , M. L. Cabrera, A. J. Franzluebbers, J.W. Gaskin, J.E. Gilley, R. Killorn, D. E. Radcliffe, E. W. Tollner, and H. Zhang, 2002. Land Application of Manure for Beneficial Reuse.  A National Animal Waste Management Center White Paper.  Available at http://www.cals.ncsu.edu/waste_mgt/natlcenter/papers.htm 

A section in this paper indicates: Few studies have documented the effectiveness of nutrient management plans and some studies suggest that it will be difficult for farmers to reduce environmental impacts even with well developed plans (Hutson et al., 1998).  Often nutrient management plans do result in benefits for farmers and society, especially as an educational process, however, implementation has not been as great as desired (Beegle et al., 2000).  Nowak et al. (1998) in a study of over 1,150 farms in Wisconsin found that very few farmers actually take nutrient credit for manure application and few recognize the economic or soil quality benefits derived from proper nutrient management.  They found that, on average, these farmers could save $38.86 per ha on commercial fertilizer through better utilization of on-farm nutrients.  They concluded that a primary reason for this failure to credit manure nutrients was the complexity involved in the determination of these values and that only through the reduction or elimination of these constraints would proper nutrient management be realized.  Jackson et al. (2000) looked at ten CAFOs in Iowa and found that operators minimized the area required for manure utilization in plans by underestimating manure N content, projecting above average crop yields, and applying manure to soybeans. Parsons et al. (1998) conducted an in-depth modeling study to examine the economic and environmental impact of nutrient management on dairy and poultry farms in Virginia.  Their analysis included three differing approaches; requiring all manure to be incorporated and N and P based application rates.  They found that requiring incorporation was not economically or environmentally sound, that an N based strategy would significantly reduce N losses at little cost to the farmers while reducing P losses only 3 to 15%, and that the P based strategy would provide the best environmental benefit but also come with a substantial cost to the farmer. In a similar study, Van Dyke et al. (1999) found that average N and P losses were reduced 23-45% and 23-66% while net income increased by $395 to $4,593 on three Virginia farms.  Much of this economic data is dependent on assumptions concerning manure markets that are not well quantified.
A NMP must be practical to be effective (Beegle et al., 2000). For example, calculated manure application rates must be achievable in the field and the farmer must understand the principles involved in determining the application rate.  As these plans become more comprehensive in nature, often requiring a “certified specialist” to develop them, they often become less practical and tend to become more difficult to practically implement. In fact, the bottom line to most producers is the determination of a recommended application rate. A slightly imperfect, less comprehensive, but practical plan will almost always provide greater results than a perfect one that is not practical to implement. More research is needed to determine the effectiveness of NMPs at addressing water quality concerns and the key components that should be addressed in these plans.  This should be done in conjunction with detailed cost benefit analysis to determine key components.

17. Franklin, D.H., M.L. Cabrera, J.L. Steiner, L.A. Risse, L.M. Risse, H.E. Hibbs, 2003.  Watershed Assessment Through Ecological Research/Farmers Active in Research.  Proceedings of the 2003 Georgia Water Resources Conference, held April 23-24, 2003, at the University of Georgia.  Kathryn J. Hatcher, editor, Institute of Ecology, The University of Georgia, Athens, Georgia.

Summary:  A group of producers, researchers, and educators, through the WATER/FAIR (Watershed Assessment Through Ecological Research/Farmers Active in Research) collaborated to determine correlation between nutrient concentrations and land management practices.  Their objective was to increase awareness of participatory monitoring and of the distribution of stream nutrients on farm and watershed levels.  The study looked at two watersheds and one case study farm within these watersheds.  The case study farm utilized four practices including grazing land fertilized with inorganic fertilizer, grazing land fertilized with broiler litter, limited stream access for cattle, and a farm pond acting as a filter system.  The stream receiving runoff from farm was sampled at several different points to determine how specific management practices affected its quality.  On the farm scale, nitrate concentrations were generally higher coming into the farm and lowest leaving the farm.  The pond was found to be effective for reducing dissolved reactive P, although it did not appear to be effective at reducing nitrate.  On the watershed scale the authors found dissolved reactive P concentrations to be highly variable depending on the management system in place.  Their results showed that stream base flow nitrate concentrations were lower leaving farms than going into farms more than 75 percent of the time and were lower in 2000 than 1999.  This suggests that management systems of the farms studied are not losing nutrients to aquatic systems, but are likely utilizing them on the farm.

Misc. Studies:

18. Voluntary Forestry BMPs:  The Georgia Forestry Commission has designated specific BMPs for silvicultural activities that, when implemented and maintained properly, exempt normal forestry practices from any water quality permitting.  The Georgia Forestry Commission inspects a subset of sites that are part of the voluntary program (private and industrial land owners) and have measured a very high compliance rate.  

In their 2002 Annual Report the Georgia Forestry Commission examined 420 sites across the State to assess compliance with voluntary BMP’s.  The results show an 86% overall statewide BMP implementation rate with 99.1% of the total acres in compliance with all BMPs.  For more information see Green, F. 2003.  Georgia’s Silvicultural Best Management Practices 2002 Compliance Survey Report. Proceedings of the 2003 Georgia Water Resources Conference held April 23-24, 2003, K. Hatcher editor, The Institute of Ecology, The University of Georgia.
For more information:

http://www.gfc.state.ga.us/Publications/RuralForestry/GeorgiaForestryBMPManual.pdf

http://www.srs.fs.usda.gov/sustain/draft/aqua4/aqua4.htm

19. Feather, P.M., J. Cooper, 1995.  Voluntary Incentives for Reducing Agricultural Nonpoint Source Water Pollution.  USDA Economic Research Service, Agriculture Information Bulletin #716.

Summary:  This information bulletin provides alternative policies for reducing nonpoint source pollution, including voluntary and non-voluntary programs as well as point source-nonpoint source trading.  It also gives results of surveys designed to determine adoption rates of these programs.    The results were that BMP adoption rates differ across practices and across geographic areas and that programs involving cost-sharing and incentive payments could be more successful if monetary incentives were altered to account for these differences.  The surveys also found that a combination of financial and educational programs were more successful than either program was separately.

For more information:  www.ers.usda.gov/publications/aib716/AIB716.pdf

20. Chapman, S.L., 1996.  Soil and Solid Poultry Waste Management and Water Quality.  Poultry Science.  Vol 75(7): 862-866.

Summary:  Concerns about water quality have caused the poultry industry to implement voluntary waste management programs for growers.  The author suggests that the use of strategies such as local use of poultry waste as fertilizer, office marketing for poultry litter as a fertilizer, soil amendment, feed additive, or energy source, and the use of chemical additives to immobilize N and P in litter, as well as other innovative strategies should be adequate to protect water quality without negatively affecting the economics of the poultry industry.  

21. OXERA Consulting Ltd., 2003.  Policy Instruments for the Control of Pollution of Water by Diffuse Agricultural Sources. http://www.defra.gov.uk/environment/water/dwpa/
This website has considerable amounts of good information.  It classifies different policy tools for meeting agricultural non-point source pollution goals.  They classify the following tools:

Information and Education: work best where a lack of information on how to reduce environmental impacts is a significant barrier to behaviour changes.  Educational programs that get farmers together to discuss common goals are highlighted as being particularly effective.

Voluntary Instruments: work best where people already have some incentive to change their behaviour.  Voluntary instruments should be preferable to regulation or economic incentives when changes in behaviour can be obtained through actions by a small number of people; when the scale of environmental impacts does not warrant the time and expense of regulation; when monitoring and enforcement of regulations would be so difficult that it would lack credibility; or when design of regulations would be difficult to obtain environmental goals
Economic Instruments: These include all types of taxes, credits, trading programs and public spending.  Often these types of instruments require some sort of valuation of the environmental impact and can provide greater flexibility of response than most regulations

Regulatory Instruments: These should be chosen when a high level of certainty in the outcome is required

Some highlights of their conclusions are:

· Little information is available to determine the success of any methods of achieving reductions in non-point source pollution beyond the field plot scale.

· Experiences (primarily in Europe) suggest that voluntary methods have tremendous potential to minimize pesticide pollution because farmers appear to be more ready to reduce input costs.  Voluntary measures may be less effective at reducing nutrient impacts.
· Countries in Europe with the largest animal populations and greater nutrient pollution issues tend to use regulations, whereas, other countries use voluntary programs and information.

· Water Quality monitoring data rarely shows large reductions in nutrient levels even where stringent regulations are adopted due to lag times in nutrient movement through the environment. The Netherlands has some of the strictest nutrient management rules and have seen small reductions in nutrient levels.  France has seen similar success using a voluntary nutrient management program.

· Reductions in phosphorus concentrations in water are apparent in many European countries but are generally attributed to reductions in non-agricultural point source pollution.

· Most experiences indicate that a high degree of partnering with farmers is essential to success.  Efforts that provide farmers with financial and technical assistance at the farm level are generally viewed as more successful.
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