Methods:

Objective 1:  Enhance cropping, grazing, and feeding management systems to improve animal nutrient utilization and reduce nutrient excretion.

Nitrogen and phosphorus flows on dairy and beef farms are affected by dynamic interrelationships of cropping, harvest, and feeding.  How crops are grown and harvested affects nutrient uptake and losses, and feeding and grazing practices affect nitrogen and phosphorus intake, utilization, and excretion.  Continued field research is needed to refine and develop systems models (IFSM, GRASIM).  This research objective includes three general areas:  a) Effects of forage conservation strategies on losses and nutrient availability; b) Herd nutrient utilization strategies; and c) Dynamics of mixed pasture systems to improve animal and pasture productivity.

1(a)  Effects of forage conservation strategies on losses and nutrient availability

Promising natural mechanisms to reduce the loss of true protein during ensiling will be investigated (Muck, ARS-WI). These include the polyphenol oxidase system in red clover and tannins in birdsfoot trefoil. Research will focus on understanding the mechanisms of protein protection, developing techniques to utilize these mechanisms in other forage species, and testing the efficacy of these new techniques in ensiling and in vitro analyses. The most promising techniques will be tested in vivo experiments with the goal of providing the data and mathematical relationships required for evaluating these techniques within a whole farm system using IFSM.

Cornell research (Fick) will utilize geographic information systems in conjunction with environmental protection guidelines, New York soils data, and nutritional guidelines to develop land use plans.  Landscape and soil resource analysis will be used to design land use plans that are protective of the environment and appropriate for meeting human nutritional needs. (See Peters et al., 2003). 

1(b)  Herd nutrient utilization strategies

A farm based multi-state project will continue to investigate relationships between dietary P levels and lactating cow performance as well as indices of fecal P characteristics (Dou U Penn). Over 90 commercial dairies in the NE and Mid-Atlantic regions (NY, PA, DE, MD, and VA) are participating the study. Farm records on production and reproduction parameters are obtained periodically and analyzed. Feed and fecal samples are collected every three months and analyzed for P concentrations and other nutritional parameters. The production and reproduction data are examined for differences associated with grouped farms feeding High P (>0.45%), Medium (>0.38%, <=0.45%), or Low P (<=0.38%). These data are also examined for linear correlation and regression between performance parameters and dietary P concentrations. Fecal samples are used to determine total P and water-soluble P concentrations, which are then analyzed to determine how dietary P levels affect the characteristics of P in feces and its environmental implications.

Kohn (UMD) will continue to evaluate current models to determine protein requirements for dairy cattle. Production and digestion (including ruminal digestion) will be determined for diets that vary in ruminally degraded protein or ruminally undegraded protein to determine the level of each type of protein that is sufficient for different stages and levels of production. These results will be compared to predictions from current models, and models improved if necessary. In addition, experiments will be conducted to develop and parameterize a model to explain shifts in ruminal methane formation based on the principles of kinetics and the laws of thermodynamics.

Recent efforts to summarize published estimates of manure nutrient output of heifers and grazing cattle highlighted a critical lack of available data.  Knowlton (Va Tech) will develop a method for total collection of manure in grazing dairy heifers, and evaluate the effect of supplementation rate and forage type on manure nutrient excretion in growing dairy heifers. Other dietary modifications with potential to reduce nitrogen and/or phosphorus excretion will be evaluated via total collection in confinement-fed lactating cows and growing dairy heifers. Treatments evaluated may include exogenous enzymes to improve the availability of dietary nutrients and the interaction of multiple nutrients on N and P excretion. 

Harrison  (WA) will evaluate strategic ration balancing as a tool to reduce import of nitrogen to the dairy farm in high producing herds (> 30,000 lb/cow of milk). The primary focus will be the reduction of protein import to the farm via reductions in diet crude protein and utilization of methionine and lysine in diet formulation. The results will be used to calibrate IFSM for high producing herds, so that the model can be used to evaluate the economic and environmental sustainability of these farms. 

Combs, (UW) will evaluate the use of NDF digestibility (NDFD) as a tool to better predict the energy utilization of legumes and grasses in dairy cattle diets.  The impact of improved ruminal NDF degradation on rumen ammonia and milk urea nitrogen levels will be measured.  Methods for measuring NDFD (48 h in vitro, 30 h in vitro or full kinetic models) will be tested and feeding trials will be conducted to quantify the impact of fiber digestibility on intake and milk production.  Strategies to improve utilization of diets that contain forages with low fiber digestibility will also be evaluated.

1(c)   Dynamics  (species, competition, compatibility, grazing height, sward density) of mixed pasture systems to improve animal and pasture productivity. 

Mohtar (Purdue) recently developed a quantitative grazing model (GRASIM) (Zhai et al., 2004) that has been field tested and found to perform well in simulating the growth of nine competing herbaceous species groups in a grazing experiment conducted at Penn State. Its development will continue to model explicitly the spatial and temporal variability in the growth dynamics of coexisting forage species that is the norm on many pastures.  Such development will assist in achieving better whole farm simulations. In addition, a fully mechanistic legume module will be developed for GRASIM to model legume growth and the complex processes in biological nitrogen fixation (BNF) and its transfer to associated grass species in a mixed pasture. Environmental data and the growth data of both monocultural legume and various legume-grass mixtures are available from local forage production experiments.

Improvements made in the GRASIM model will be incorporated in IFSM to improve the simulation of pasture production in whole-farm systems (Rotz-ARS, PA). The farm model will be used to determine the economic benefits of maintaining pastures with various levels of species diversity for dairy and beef production in the Northeast (Sanderson-ARS, PA; Rotz-ARS, PA). These simulation analyses will consider species effects on establishment and maintenance costs, stand life, seasonal variations in pasture production and nutritive content, and the interaction of these effects with other farm components.

Grazing experiments at the UW (Combs) will test the effect of pasture sward density (spatial distribution of pasture) on intake by dairy cattle and develop management strategies to optimize intake of grazing cattle based on a model that predicts intake from sward density, and time spent grazing.  Alkanes and indigestible NDF (Combs, UW and Felton, WVU) will also be evaluated as tools to measure intake and forage selection on pasture.

Cornell research (Fick-NY) will focus on development of new alfalfa quality prediction methods based on herbage age and weather. Existing alfalfa quality data sets for separate leaf and stem fractions will be linked with weather data in the archives to develop statistical prediction models.

Objective 2:  Reduce environmental impacts of animal, manure, and cropping systems on nutrient flow, cycling, and transformation. 

Livestock manure is a major component of the farm nitrogen and phosphorus cycles.  Several studies will provide data and mathematical relationships needed to further develop whole farm nutrient models (IFSM).  The research will study effects of manure on nutrient leaching under different cropping and pasture systems and indices in manure that best predict nitrogen and phosphorus flows.

Refinements will be made to the Integrated Farm System Model (IFSM) to improve the prediction of nitrogen and phosphorus losses from farms (Rotz-ARS, PA). Relationships for nitrogen loss during manure handling, developed from theoretical relationships for ammonia volatilization, will be refined and implemented as new components in the whole farm model. Relationships for predicting erosion and phosphorus movement from fields will also be developed and integrated with the farm model. Simulated representative farms will be used to evaluate the robustness of these new components over a wide range of conditions. Cropping systems, feeding strategies, and manure handling techniques will be evaluated with the revised farm model to determine their long-term impact on nitrogen and phosphorus losses as well as farm profitability. Data needed for these refinements will be provided by the NE-132 research group and additional published research.

Because the full extent of N and P leaching and runoff may not be known for complex cropping systems and due to inappropriate water sampling methods an assessment of leaching of nutrients from manure will be made at multiple research locations (MA, UPenn, UT, WA, WI). Experiments will include crops common to NE dairy and beef farms, corn (silage), alfalfa, and forage grasses. Leaching and runoff of N and P will be examined using various soil water samplers including suction cups, zero tension pans, wick pans, and new passive pan samplers. Both leaching from crop systems and a comparison of soil water sampling methods will be made and will result in information for refining and validating existing models. Data collected will provide a relatively complete picture of input (application), production output (crop harvest), soil accumulation and loss in each season (spring, summer, fall, winter), and partition potential losses (leaching, runoff) under different tillage, cropping, and grazing systems and various weather conditions.

Specific studies of the research group include:

A field leaching experiment, initiated in 1998, will continue to study nutrient efficiencies in different cropping systems (Dou, Upenn). The experiment includes three crops common on NE dairy farms, corn (silage), alfalfa, and orchardgrass. Treatments are: control, fertilizer, manure N-based, and manure P-based. Wick lysimeters as well as zero tension pan lysimeters were installed to collect leachate leaving the crop root zone. During 2003, runoff collection devices were also installed in selected plots to collect runoff samples generated from natural precipitation. Leachate and runoff samples are analyzed for TKN, total P, and nitrate-N. Crop samples are taken at each harvest and analyzed for nutrient uptake. Data will provide a relatively complete picture of input (application), production output (crop harvest), soil accumulation, and partition of potential losses (leaching, runoff) under different cropping-tillage systems and various weather conditions.

UW researchers (Powell) will assess the impact of forage polyphenols on carbon sequestration, nitrogen cycling, protein use, and profitability of dairy farms and develop systems to make use of polyphenol-containing forage. Powell (UW) will also focus on reducing nutrient losses and adverse environmental impacts on dairy farms through the development of improved and integrated feeding and manure management practices. The primary focus will be on reduction of phosphorus feeding and nitrogen feeding. Whole farm balance will be used as a tool (IFSM simulations of commercial farms) to gain a greater understanding of feed nutrient imports and the option of reducing import of nutrients.

Harrison  (WSU)  will measure year round temporal changes in soil nitrate levels and relate soil nitrate levels to crop and manure management practices that will include: sod plow-down, use of herbicides for grass rotation, timing of manure application, use of a winter cover crop, and the time of soil sampling relative to fall rains.

Louisiana researchers (Moreira) will compare single-stage lagoon systems with two-stage lagoon systems with or without constructed wetlands as nutrient abatements practices. The nutrient flow will be studied on a set of replicated two-stage lagoons and constructed wetlands, which allow the collection and comparison of dairy wastewater samples at every step of storage/treatment. Samples will be periodically collected and analyzed for N (Kjeldahl method), ammonia-N, and total P. Potential nutrient content reduction will be evaluated at each stage of wastewater treatment.

Byproduct feeds are commonly used in beef and dairy diets to reduce feed input costs.  Certain byproducts,  which are often used as N supplements are also very high in dietary P.  Seldom are the environmental costs associated with feeding such feeds considered.  Erickson (NE) will develop a market based system to account for costs in utilizing high phosphorus byproduct feeds in beef cattle diets.

Knowlton (VaTech) will develop holistic systems that combine dietary nutrient management with physical and biological waste treatment systems to yield land-applied wastes with the N:P ratio needed for specific crops grown on dairy farms. Total collection studies will be used to generate manure with altered nutrient content, and those wastes will be treated physically (separated via mechanical means or gravity) and biologicially. Biological nutrient removal systems will include enhanced biological P removal (EBPR) and the Anammox system. The former involves sequential aerobic and anaeorobic treatment to facilitate the activity of P accumulating organisms to concentrate P in the biomass, resulting in a P depleted liquid and a P-enriched biosolids fraction suitable for export. The latter system is an ammonia removal system well suited to wastes like dairy manure that are low in bioavailable organic matter and high in reduced N. The effect of the physical and biological nutrient removal systems is influenced by the nutrient content of the influent manure, so dietary strategy influences treatment system design. The ideal N and P content of land-applied wastes varies for farms with different cropping strategies, so the combination of dietary, physical, and biological waste treatment allows for customized waste treatment. Manure with reduced nutrient content will be land applied and nutrient runoff evaluated with the rainfall simulation technique.

Miller (UT)  will continue to evaluate the extent to which grazing accelerates nutrient leaching and volatilization, and the effect of vertical root distribution on reducing the negative environmental effects of grazing animals. As part of a larger study, four grasses, smooth bromegrass (Bromus inermis), tall fescue (Festuca arundinacea), orchardgrass (Dactylis glomerata), and timothy (Phleum pratense), have been planted as monocultures and will be utilized to assess vertical root distribution effects on nutrient leaching in a grazing system. Mechanically harvested orchardgrass and tall fescue plots will be compared to grazed orchardgrass and grazed tall fescue plots to determine the extent to which grazing animals accelerate nutrient cycling in both a shallow and a deep-rooted system. Additionally, orchardgrass in a two-way mixture, and orchardgrass as part of a five-way mixture will be compared to orchardgrass as a monoculture to examine the effects of increasing plant diversity as a means of reducing nutrient leaching. All grazed plots will be grazed by beef cows using management intensive rotational grazing practices.   Complete soil profile samples (to a depth of 100 cm) will be collected at the beginning and end of each grazing season. The fertility of the mixed plots will be monitored, and fertilizer added if needed. Root growth will be monitored using minirhizotrons. To determine the concentration of the soluble nutrients (nitrate, inorganic dissolved phosphorus, and dissolved organic carbon) soil water (leachate) samples will be collected bi-weekly during the growing season, April through October, by means of porous ceramic cup soil water samplers. Water (rainfall, irrigation) and temperature data will also be utilized to calculate evapotranspiration rates. Leaching losses will be quantified using a water balance method. Herbage dry matter analyses and yield measurements will be utilized to calculate the nutrients being removed in the plant phase. The nitrogen balance technique will be used to estimate nitrogen losses due to volatilization. This will be done by comparing total nitrogen outputs (recovery in the plant, soil, and soil water phases) against the total amount of nitrogen inputs (soil nitrogen and that added as fertilizer).

Cover crops are often planted too late to be considered effective both for erosion control and prevention of excessive nitrate leaching.  Herbert (UMass) will evaluate cover crop seeding dates for development of effective cover for erosion control and root systems for nutrient uptake.

Dou (Upenn) will continue to evaluate and improve the fecal P indicator concept (Dou et al., 2002) as a tool to predict water soluble phosphorus excretion.  This evaluation uses samples and data that originated from over 90 commercial farms. Up-to-date data indicate that despite considerable variability across farms as well as within farms, dietary phosphorus concentration is the single most important factor affecting water soluble P concentrations in feces. Results also reveal that drying and grinding manure samples alters the estimate of water soluble fecal phosphorus; and the change is not proportional. UPenn researchers (Dou) intend to streamline the laboratory processes and establish a uniform procedure to be used as a farm assessment tool.

Because the full extent of N and P leaching may not be known due to inappropriate water sampling methods, an assessment will be made through the incorporation of processes involving chemical fluxes and hydrological interactions in the vadose zone. The new passive pan water sampling method will be compared to other methods used to determine nutrient flow patterns in the unsaturated zone and to quantifying annual fluxes of agricultural pollutants entering groundwater. (Herbert, Umass).  

Objective 3:  Refine, evaluate, and apply integrated quantitative models of dairy and beef farms to predict profitability and nutrient losses to the environment.

The proposed research in the preceding sections quantifies nitrogen and phosphorus flows in whole farm systems, and attempts to measure the impact of management practices and strategies on nutrient flows within beef and dairy farms.  These data will be integrated into field and whole farm models (IFSM, GRASIM), which will then used to predict environmental effects of cropping, harvest, feeding and manure management decisions.  Refinement, evaluation and application of these models is a critical component of this project.

3(a)  System integration

Work will continue on the refinement, evaluation, and application of the Integrated Farm System Model (Rotz-ARS, PA). Simulated dairy and beef producing farms will be compared to data collected on actual and experimental farms to evaluate the prediction accuracy of the model. Evaluations will determine how well the model represents pasture production, animal production, and nutrient utilization at the farm scale. Refinements will be made to the model as needed to improve the agreement between simulated and actual farms. The model will then be used to evaluate and compare the long-term economic and environmental sustainability of beef and dairy production systems. Major system evaluations planned include grass finished beef production (Rayburn,-WV; Rotz-ARS, PA) and organic dairy production (Rotz-ARS, PA; Karsten-PA) in the mid Atlantic and northeastern regions. Work is also planned to evaluate the whole-farm impact of genetic improvements in alfalfa quality when used on typical dairy farms (Grabber-WI, Rotz-ARS, PA). 

The N-CyCLE model (Nutrient Cycling in Crops, Livestock and Environment), a model under development by researchers in Wisconsin, Quebec and Louisiana, will be adapted for grazing conditions in Louisiana dairy systems (Moreira-LA). The model is set up to evaluate whole-farm nutrient balance using Linear Programming to optimize the feeding program, cropping system and manure allocation to maximize net income or minimize nutrient balance. This model has the potential to become an aid tool for farmers, nutritionists and nutrient management specialist among others to evaluate the impact of management practices, fine tune Comprehensive Nutrient Management Plans, and test the impact of legislation on farm profitability. 

3(b)  Model evaluation, statistical testing of models

Purdue researchers (Mohtar) will develop a comprehensive model testing system by combining existing software (such as the Generalized Likelihood Uncertainty Estimation software, Excel Solver) with the numerical parameter optimization tool developed for the GRASIM model (Zhai et al., 2004b, accepted by the Transaction of the ASAE with minor revision). The system can be useful in helping users quickly estimate key model parameters using limited data, conduct sensitivity analysis, and evaluate model prediction uncertainty.

3(c) Effect of weather, spatial variability on nutrient flows and availability in landscapes and watersheds

Randhir (U Mass) will measure the transfer and fate of nutrients from dairy and beef production systems in watersheds using GIS overlays and spatially explicit modeling of watershed processes. The ARCGIS 9.0 software (ESRI-Environmental Systems Research Institute, Redlands,CA) will be used to perform spatial analysis and to quantify metrics that relate to the effects of weather, spatial variability, and landscape characteristics on nutrient transfer and availability. AnnAGNPS - Annualized Agricultural Nonpoint Source Pollution Model will be used to simulate nutrient loading and transfer at a watershed scale. AnnAGNPS is an annualized continuous-time version of the AGNPS model (Young et al, 1994), which is capable of simulating soluble & attached nutrients (nitrogen, phosphorus, & organic carbon) and pesticides. Nutrient concentrations from feedlots and other point sources can be modeled for watershed-scale implications. Potential ratings of individual feedlots will be derived using this simulation model. The individual rating will be based on the contribution potential of dairy and beef systems at varying spatial locations in contributing to nutrient flows and nutrient availability in a watershed.

Objective 4:  (Outreach)  Disseminate science-based tools and educational materials to promote efficient production and environmental stewardship in US dairy and beef industries. 

Intended partners will include producers and producer organizations, state extension service, state and federal agricultural and environmental agencies, NRCS field staff, undergraduate and graduate education, agricultural professionals, and elected officials.

The long-term resolution of the nutrient management problem, as well as other environmental problems facing the dairy and beef industries, will require collaborative and integrative research, extension and educational approaches, and the training of future land managers in critical systems thinking and problem solving. Various workshops and seminars will be held in respective states aimed at highlighting the integrative nature of nutrient management on farms. As examples, note that results from the phosphorus research in WI have been incorporated into extension fact sheets that have been requested and widely distributed nationally http://ipcm.wisc.edu/pubs/. UW and Cornell University recently completed a report that evaluated nutrient management tools for dairy farmers in the Northeast and Midwest, USA. http://www.dfrc.ars.usda.gov/powell/wholefarm.html. (Powell, WI).  

4(a) Interactive web-based - value of forage quality

New educational and extension tools will be developed from the research described in the previous sections.  An emphasis will be placed on developing and sharing interactive web-based decision making tools for forage utilization and quality.

Fick (Cornell) will remodel forage value calculators for use in an extension format. A classroom model to calculate market values of forages will be refined for more general use on the internet.  

Mohtar ( Purdue )will continue to upgrade the existing Web interface for the GRASIM model (http://pasture.ecn.purdue.edu/~grasim) by incorporating new features of the multispecies and silvopasture version of the model. The model Web interface will be integrated with an existing Web-GIS developed at Purdue University for dynamic online watershed delineation and model input preparation and results visualization. This combination could be very useful in allowing user from different geographic areas to quickly locate their respective locations and conduct simulation analyses using their local data.  

UW researchers (Combs) will develop new  forage and grain supplement feeding guidelines for producers, extension agents, agency and private consultants working with dairy grazing systems that are based on a sward density index.  These guidelines will involve training in how to measure sward density to predict potential pasture intake and then how to adjust supplement feeding to optimize pasture utilization and milk production.  These tools will be made available through the internet.  Combs (UW) will also incorporate NDF digestibility as a forage quality index for evaluating the nutritional and economic value of forages for dairy cattle.  These new tools will be targeted to producers, hay growers, extension agents and nutrition consultants and will be shared via internet.

4(b) Herd expansion, nutrient/environmental impact planning tool

Harrison (WA) will continue to develop and refine whole farm nutrient balance education tools that focus on nitrogen and phosphorus management. These tools are excel based and intended to provide producers and advisors a quick and simple approach to assess which management options will have the greatest impact on the whole farm nutrient balance of a given farm.

