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Review of Soil-Water SSARE Projects

1988-2003

Summary
This review summarizes knowledge gained from the Southern Sustainable Agriculture Research and Education (SSARE) program’s Research and Education projects (R&E) and Graduate Student (GS) projects about soil and water quality in sustainable food and farming systems.  The main objective of the review is to collect and organize the results of the SSARE soil and water projects in preparation for SSARE to create a “sustainability toolbox” for the southern region.  A further objective is to identify topics that have been fairly well researched and topics that need more work.  Suggestions for future SSARE-funded soil and water quality work are made.

Completed projects and ongoing projects with significant available information focusing on soil and water are included in the review.  Projects are arranged chronologically within different topics such as Nutrient Cycling, Soil Conservation, etc.  The review is presented in two parts following this abbreviated summary.  Part I consists of section introductions followed by short abstracts of the main points of each project; Part II includes longer, more detailed summaries and literature citations.  

Many projects examined more than one aspect of soil or water quality.  Such interactions are mostly separated but cross-referenced in this review.  Also, many projects investigated other topics, such as crop management, in conjunction with soil and water management.  Non-soil and -water topics are not explored in this review.  Such separation is not ideal; SSARE projects almost necessarily consider multiple factors.  However, boundaries are necessary to limit this review to a manageable size.  Future reviews will cover other topics.

Many if not most soil and water SSARE projects led to further work.  This review includes only papers and information directly related to SSARE funding, partly to make the review manageable and partly to reflect SSARE’s specific accomplishments more accurately. 

For the most part, project findings were not in disagreement with one another even in projects from quite different ecological situations.  However, even when general project results were similar, important results concerning management details differed from place to place.  One conclusion that can be drawn from the SSARE soil and water projects is that site specific and material specific management is necessary and that very few “one size fits all” answers exist.  Even when those answers do exist – e.g., adding organic matter is beneficial to soil – implementation and consequences will vary widely from place to place and farm to farm. 

Nutrient Cycling Biology, Cover Crops, and Compost

Topics:  

Soil enzymes, active organic matter, microbial diversity, macroscopic organisms, nitrogen (N) cycling, composting methods and feedstocks, compost application rates, compost contributions to soil fertility, cover crop management, legume contributions to soil fertility, managing mulches or living mulches for soil improvement. 

Main results: 

Frequent organic matter addition stimulates soil biological functions and generally improves physical and chemical soil quality characteristics in agricultural soils, but cash crop yields may not increase over the time periods investigated.  Applying and managing organic matter is difficult due to the unpredictability of nutrient release, and often due to the large amounts required.  Appropriately managed cover crops supply adequate nitrogen (N) to most following crops.  Site specific management of added organic matter or cover crops is necessary.

Specific results:

· High rates of organic matter addition were generally needed (tens of Mg ha-1 for agricultural by-products, composts, or manures).

· Agricultural by-products were more effective in increasing yield when used on damaged (eroded, leveled) soil than on intact soil. 

· The C:N (carbon:nitrogen) ratio of agricultural by-products was key to their short term value as nutrient sources.  Rice hulls, a high C:N ratio material, required N fertilizer as a co-amendment to prevent crop yield losses due to N immobilization.

· Cotton gin trash could be used composted or uncomposted, and was a valuable soil amendment that stimulated biological activity and suppressed some plant pathogens.

· Each agricultural by-product had specific management requirements for use as a soil amendment.  

· Active organic matter addition resulted in heightened soil enzyme activity and changed the microbial community structure.  Organic matter increased microbial diversity in some situations.  

· Several years (more than 3) were generally required for measurable soil quality improvement, but one study showed changes in soil characteristics in 2 yr.              

· Nutrient release, especially N, from organic matter was much less predictable than from fertilizers.  The pre-sidedress nitrate test was not always adequate to predict N-mineralization from organic sources.

· Appropriate leguminous cover crops adapted to specific environmental conditions could provide adequate N for almost any following crop, even in no-till or agroforestry situations.  However, if adequate N was available from fertilizer, extra N from leguminous sources did not increase yields.

· Cover crops increased cotton yield enough to pay for the cover crop, in addition to soil quality benefits.

· Inadequate N provision to harvestable crops and N losses due to leaching were common.  Achieving synchrony between nutrient release from decomposing cover crops and nutrient requirement of harvestable crops was difficult due in part to inability to predict N-mineralization rates.  

· Giving N-credits for legumes and using a combination of leguminous and non-leguminous cover crops to retain N in the system helped to reduce N leaching and to avoid over-supply of N to harvestable crops.  Over-supply of N did not increase yields.

· Some cover crops, such as southernpea, could be harvested for immediate profit as well as providing nutrient cycling services.

· Rye was a successful N scavenger in almost any situation, but could disadvantage following crops due to allelopathy or N immobilization.  

· A system of spring vegetable crops followed by fall cover crops was more effective at preventing N leaching than spring cover crops followed by fall vegetable crops.  

· Other growth limiting factors such as moisture influenced the effectiveness of nutrient cycling from cover crops.  Cash crops stressed by lack of moisture did not take up N effectively, leading to loss of N from the system.  

· Organic mulches used with vegetable or herb crops increased water use efficiency and could replace C decomposed over the growing season.

Recommendations:

1. Research investigating specific management recommendations for the use of different by-products as soil amendments will remain useful for SSARE’s goals of encouraging linkages among agricultural sectors and between agricultural and urban sectors.  

2. Research on nutrient cycling in cover crops will remain useful if the research focuses on new situations such as no-till in organic systems, or creates more accurate and farmer-friendly models of nutrient release from cover crops. 

3. Research to find ways that different cover crops can contribute to immediate farm profitability while providing benefits to soil quality will be a highly significant area of investigation.

4. To elucidate the relationships involved in microbial community structure and function will require detailed basic biological research which may or may not have immediate practical implications.  However, answers gained from this kind of work may be broadly applicable.

Fertilizers

Topics: 

Synthetic fertilizers, rates of fertilizer application, alternative fertilizers not including manure, compost, or cover crops, and soil fertility measurements related to fertilizer use.  Nitrogen was the primary nutrient of concern; phosphorus (P) and potassium (K) were used to optimize N efficiency.

Results:
· Conservation tillage and no-tillage in semi-arid regions resulted in higher cotton and wheat crop yields at all fertilizer levels, indicating multiple benefits of retaining topsoil and increasing water holding capacity.

· Irrigation rate and rotation were more influential in increasing cotton and wheat yield in semi-arid areas than fertilizer rate.

· In some cases, even the best fertilizer management did not make unadapted crops and soils fit one another.  Success in managing acid coastal soils for alfalfa production could not be achieved at a reasonable expenditure of time and money.  Gypsum applied at up to 15 Mg ha-1 did not reduce aluminum (Al) to levels that alfalfa could tolerate in these soils. 

· Complementary crops made fertilizer use more efficient.  In an alleycropping situation, pecans scavenged 48 kg ha-1 unused fertilizer N from deeper within the soil profile than cotton could reach, redepositing the N on the surface through litterfall. 

· Fertilizer produced by digestion of restaurant waste in an anaerobic digester was acceptable for field production but not for producing transplants; it burned sensitive transplants and did not provide enough nutrients for stronger transplants.  The digester handled 2.27 Mg (2.5 tons) of food waste over about 15 months.  

· Vegetable transplant production required more soluble minerals than field vegetable production, but care was needed to avoid burning.

· Expensive organic fertilizers (e.g., Fertrell) were effective in transplant production.  Few inexpensive organically certified materials reliably provided soluble nutrients for transplant production. 

Recommendations:
1. Research investigating and optimizing more alternative fertilizers and micronutrient sources, especially creating and enhancing local nutrient cycling.

2. Research on novel crop combinations to improve profitability and increase fertilizer use efficiency.

3. Research on processing or formulating inexpensive organic materials to be suitable for organic transplant production or other delicate plant production, especially creating and enhancing local nutrient cycling.

Manure and Pollution
Topics:

Manure usage to enhance soil fertility while minimizing potential pollution. 

Main results:

Appropriately managed manure is an acceptable nutrient source for almost any situation.  Appropriately managed poultry litter is clearly acceptable in almost any form.  Appropriate management includes manure and soil testing, consideration of crop requirements, nutrient scavenging crop rotations, timing of manure application close to peak crop demand, and soil erosion prevention.  Site specific management is essential; allowable manure application rates found in one study do not readily transfer to other environmental situations.

Specific results:
· Grain crops could assimilate significantly more manure nutrients than vegetable crops, possibly due to the much greater biomass potential in grain crops.

· Legumes, especially crimson clover, in a rotation helped to limit P accumulation and N pollution potential from poultry manure usage, especially when used as fall cover crops following spring vegetable crops.  

· Applying poultry manure in excess of recommended rates based on soil tests did not improve  crop yields.  Excess manure resulted in soil nitrate levels of 20 to 25 ppm NO3-N (exceeding water quality standards) at 80 cm soil depth.

· On no-tilled soil, comparable crop yields could be achieved with ammonium nitrate (168 kg N ha-1) and liquid dairy manure (336 kg N ha-1).  The difference in N required was due to slower availability of manure N.

· Soil conservation and water quality protection measures such as filterstrips used in conjunction with manure application reduced surface runoff water nitrate N by up to 99% and surface runoff P up to 85%.   

· Fertilizing sod with manure and selling the sod outside the local area of manure concentration cost-effectively exported more than 114,840 kg P away from a sensitive watershed.

Recommendations:

1. Research that creatively integrates animal and non-animal agricultural enterprises or develops manure processing for export to provide avenues for positively handling animal waste.  

2. Work that addresses structural changes to profitably limit the number of animals concentrated in local areas so that nutrient accumulation is reduced at the source. 

3. Ongoing environment- and material-specific research, including work to create or improve methods for on-farm manure nutrient testing and manure nutrient availability modeling to encourage site specific management.

Manure
Topic:  

Manure from any source as a soil fertility amendment, application methods, application rates, and soil fertility measurements.  Projects do not investigate potential pollution from manure.

Main results:

These projects dealt primarily with high-value vegetable crops.  Site- and crop-specific information and management is required when using manure for vegetables.  

Specific results:

· Manure was applied to vegetable crops at less than 1 Mg ha‑1, compared to an average of about 10 Mg ha-1 for grain crops.

· Vegetable crops seemed more sensitive to differing manure characteristics than grain crops.  Different vegetable species and even cultivars responded differently to manure, requiring intensive site-specific management.

· Vegetable crops could be planted from 7 to 14 days after pastured poultry were on a plot, but optimum planting time varied by crop.  (Planting may not be able to occur this soon if organic certification is a concern, depending upon the length of time to harvest.)

· Fractionating poultry litter into fine, medium, and coarse fractions allowed the re-use of the coarse fraction as bedding and use of the fine fraction as pelleted fertilizer with high N content.  Storing fractionated or non-fractionated litter at low water content (less than 0. 5 kg water kg litter-1) reduced gaseous N loss during storage.

Recommendations:

1. Research that creatively integrates animal and non-animal agricultural enterprises or develops manure processing for export, specifically directed toward high value crops.  

2. Work that addresses structural changes to profitably limit the number of animals concentrated in local areas so that nutrient accumulation is reduced at the source. 

3. Ongoing environment- and material-specific research, including work to create or improve methods for on-farm manure nutrient testing and manure nutrient availability modeling to encourage site specific management, directed toward high value crops. 

Pollution

Topics:
Ground or surface water pollution, including nutrient and pathogen pollution, from any soil fertility source or animal or soil management practice.

Main results:

There is no one answer to pollution prevention.  Every watershed is unique and different nutrients behave differently in every watershed.  Site specific recommendations were more effective than global recommendations in preventing pollution.

Specific results:

· Rye was the most effective of several cover crops in accumulating N from over-fertilized areas.  However, N-uptake by rye occurred mainly in early spring, meaning that N had opportunity to leach over the winter months.   

· Geotextile fabric installed under a loafing area on a dairy directed manure deposition into holding lagoons rather than allowing it to seep through soil to groundwater. 

· A 1-acre constructed wetland effectively treated waste from a 500-hog facility.  Wetland plants accumulated enough nutrients so that wetland discharge could be spread over 14% of the land area that untreated hog facility waste would require.  

· Pasture runoff from an intensively managed rotational grazing dairy had only 1% of the pollution that runoff from a confinement dairy did.  

· Fencing to exclude cattle from streambanks reduced streambank erosion and improved water quality.  Recovery of already-eroded streambanks was slow in the streams under investigation because these bedrock-type streams had low sediment deposition.

· The location of a pollution source relative to surface water bodies influenced the source’s impact on water quality.  Global assessment was not adequate to identify critical areas; field by field assessment was more effective.

Addressing remaining challenges:

1. Research in individual watersheds appears necessary, but is a long-term process.  SSARE funding in this area may need to be directed toward the most sensitive watersheds and sites within watersheds.

2. Research on effective pollution control measures for specific problems, including continuing research on novel pollution control technologies.

3. Research investigating structural change to minimize pollution sources (e.g., high animal concentrations).

Soil and Water Conservation and Soil Physical Properties

Topics:

Alternative tillage systems, erosion, terrace-building or other soil-moving practices to reduce erosion, strip-tillage, mulches, improvement of soil physical properties, water infiltration, and reduced irrigation use. 

Main results:

Keeping soil covered and limiting disturbance from tillage reduces erosion.  Reducing tillage may increase crop yields.  Site- and crop-specific management is necessary.  

Other results:

· Over 4 yr, no-tilled soil developed greater water holding capacity and water infiltration rates than tilled soil, even though bulk density of no-tilled soil was higher.  Possibly due to the greater water-holding capacity, reduced tillage resulted in corn, soybean, cotton, and wheat yields as high or higher than with conventional tillage. 

· Relay planting of soybeans into ripening wheat or planting soybeans into killed wheat stubble reduced erosion by 25 to 40% compared to monocrop conventional tillage.  Soybeans planted into standing wheat yielded more than soybeans planted later into killed wheat, possibly due to higher moisture availability.

· In semi-arid areas, minimum and conservation tillage produced higher cotton yields than conventional tillage while using 25 to 35% less water and decreasing erosion.  Efficient water delivery systems increased yields at every water level compared to conventional spray irrigation.  

· No-tillage of a bean crop into banana plantations on extremely sloping tropical land created heavy erosion due to loss of plant residue cover on the soil.  Situations such as this require permanent cover or other erosion-reduction strategies such as terracing.

· Hedges of stiff, thick-stemmed grasses as narrow as 1 to 2 rows reduced sediment leaving a field by an average of 75%.  Within 10 yr, hedges created “terraces” that reduced erosion by an additional 30 to 50%.   Hedges may be used in situations where no-till is not feasible.  

Addressing remaining challenges:

1. Investigation and perfection of no-tillage or reduced tillage in organic cropping systems to reduce the dependence of these systems on cultivation for weed control to protect soil quality and reduce labor. 

2. Site-specific investigation of alternatives or complementary practices to no-tillage or reduced tillage in situations where tillage is absolutely necessary or where reduced tillage will not completely solve erosion problems.

3. Environment-specific investigation of profitable but non-eroding intercropping alternatives for perennial or long-season annuals. 

Soil Quality
Topics:

Projects investigating several aspects of soil characteristics including physical, chemical, and biological functions, not limiting their investigations to specific soil characteristics or functions; long-term or large scale systems projects.

Main results:

Two of the three large scale systems projects found that over a number of years, differences in biological, physical, and chemical soil characteristics appeared among widely divergent systems.  Organic matter content and microbial activity were generally improved in systems with decreased tillage and higher vegetation diversity or more permanent vegetation.  Decrease in tillage resulted in higher bulk density but not in lower water infiltration rates.  Heavy amendment with organic matter increased beneficial microbial species while tending to decrease pathogens, although specific exceptions to this trend occurred. 

The systems projects were highly effective in creating platforms for smaller, short term projects that investigate specific questions. The main barrier to implementing long-term soil quality projects with a broad scope of investigation is separation among disciplines, with its implications for competition for limited funding.  

Other results:
· Returning CRP land to forage or crop production required suppression of old sod and addition of fertilizers.  However, weather conditions, available water, and crop rotation were more influential in yield production than fertilizer management in the arid plains. No-tillage of wheat in former CRP land produced yields higher than conventional tillage.

· No-tillage of wheat in former CRP land did not result in increased erosion compared to soil remaining in CRP.  Disk tillage resulted in erosion 3 to 4 times higher than no-tillage or non-disturbance.

· Tillage of former CRP land increased potentially mineralizable C by exposing formerly protected C and N pools to decomposition.  No-tillage of wheat in former CRP land reduced potential volatilization of stored soil C by minimizing the movement of carbonate to the surface. 

· A system of integrated crop and livestock production in the arid plains reduced water use by 23%, fertilizer use by 40%, and reduced erosion by more than 30% while maintaining cotton yields (per hectare of cotton in the system) and increasing profitability.  Choosing water-efficient perennial forages influenced the overall efficiency of the system. 

· Historic organic management increased soil P, CEC, plant available water, and selected crop yields compared to historic conventional management, regardless of current management.  Current organic matter additions caused bulk density to decrease within 2 years, significantly earlier generally expected for change in soil physical characteristics.

· Perennial grassland and an organic system had higher soil microbial functional diversity than a conventional system.  No-tillage and grassland systems had greater CO​2 evolution than the conventional system.  Organically managed soil supplied adequate available N for crop production over the season, and had the lowest bulk density and highest water infilration of all systems compared.    

· A corn production system including crop rotation with legumes reduced system N and P requirements by 50% compared to conventional corn production.  Corn following a mixture of hairy and bigflower vetch yielded similarly to corn fertilized with 140 kg N ha-1.  

· Cover crops were effectively removed prior to corn planting by grazing, provided that animals were not allowed to compact wet soil.  Leaving cover crop residues on the surface, killed by chemical desiccation, provided the best protection from compaction. 

Other results from sub-projects:

· Vermicompost did not provide adequate N sources for sweet corn, resulting in marketable yields of 20 to 31% less than corn following crimson clover. 

· Sorghum-sudan grass was an effective cover crop for summer weed suppression but did not allow enough time to establish fall cabbage transplants.  

· Stream water quality improved when rotationally grazing cattle were supplied with non-stream water sources.  Fencing was not necessary to deter cattle from the stream if alternative water was provided. 

· The return of animal waste to the soil surface during grazing helped to sequester C and N, and increased soil microbial activity.

· Red clover-wheat-corn-soybean was the most favorable rotation to replace continuous corn in terms of soil quality characteristics and corn yield.

· N leaching after plowdown of alfalfa was high in the first year after plowdown.  Transitions from perennial plantings to annual crops may pose short-term water quality concerns, especially when N release occurs out of synchrony with annual crop N uptake.

· Row crops were successfully be no-tilled into existing sod such as pastures in need of renovation.

· Lime-stabilized biosolids applied to pastures increased soil organic matter and supplied residual N without affecting groundwater.

Addressing remaining challenges:

1. Evaluation of the contribution of the large scale, long term systems projects to the SSARE mission and encouragement of broader use of these platforms for component work.  The large scale, long term systems projects offer platforms for ongoing work if their support is stable, but they are expensive to maintain.  

2. Supporting research or dialogue to definitively identify key soil quality variables (and other variables) for measurement when multiple variables cannot be measured due to limitations in research resources.  

Review of SSARE-funded Soil and Water Quality Projects

1988-2003

Project Abstracts
Introduction and Methods

Researchers and farmers in sustainable or alternative agriculture have benefited directly and indirectly from Southern SARE research projects.  This review summarizes knowledge gained from 77 SSARE Research and Education projects (R&E) and 4 Graduate Student (GS) projects about soil and water quality in sustainable food and farming systems. The main objective of the review is to collect and organize the results of the SSARE soil and water projects in preparation for SSARE to create a “sustainability toolbox” for the southern region.  A further objective is to identify topics that have been fairly well researched and topics that need more work.  Suggestions for future SSARE-funded soil and water quality work are made.

The review is presented in two parts:  Part I consists of short abstracts of the main points of each project; Part II includes longer, more detailed summaries and literature citations.  The review is arranged by categories such as nutrient cycling and compost, soil conservation, pollution, etc.  Projects are described in chronological order within the categories.  Categories correspond somewhat but not completely with basic soil science topics such as soil biology, soil chemistry, and soil physics.  This is because SSARE’s focus has historically been more applied, with research problems identified according to farmers’ practical needs. 

A challenge in performing this review was that many projects examined more than one aspect of soil or water quality.  For example, cover crops were often used in soil conservation projects, but a researcher may also have measured the effect of cover crops on soil enzyme activity.  Such interactions are for the most part separated in this review, but are cross-referenced so that a reader can locate different information generated by the same project.  Also, many projects investigated other topics in conjunction with soils, such as the effect of cover crops on insect pests as well as soil quality.  Non-soil topics are not explored in this analysis (but will be described in future SSARE reviews).  This separation is not ideal, since SSARE projects almost necessarily look at multiple factors, but is necessary to limit this review to a manageable size. 

Soil quality is not a completely operationally defined term.  This review is based on Doran and Parkins’ (1994) definition:  “The capacity of soil to function within ecosystem boundaries to sustain biological productivity, maintain environmental quality, and promote plant and animal health.”  This definition fits the SSARE projects, all of which were or are concerned with protecting and enhancing soil biological functions, managing soil appropriately for water quality protection and soil conservation, and producing high-yielding crops and nutritious forages.  

Potential measurements for describing soil quality are legion.  Because research resources are always limited, choosing the best measurements for answering a particular research question is critical.  Farmers and researchers, though, have different ways of considering soil quality, with farmers tending more toward qualitative descriptors (tilth, smell) and integrative measurements (organic matter content) that directly contribute to yield outcomes, while researchers prefer quantitative and mechanistic measures (bulk density, labile C versus humic C) (Romig, 1995).  So far, the SSARE projects have not concentrated on basic soil quality research that leads to purely mechanistic explanations, but have focused more on quantitative measurements that correspond roughly to farmers’ qualitative concerns and the concern for acceptable crop yields. 

In the SSARE projects, research on water quality always dealt in some way with farm-origin pollution of surface or groundwater, and was often intimately related to soil management issues.  The main concerns were sediment and nutrient movement into surface water due to erosion, fecal pollution of surface water due to runoff of waste, and pollution of groundwater due to nutrient leaching.  No projects dealt directly with pesticide movement into water, possibly because limiting and optimizing pesticide use was at least a secondary goal of many projects. 

An unstated assumption seems to underlie most if not all the SSARE projects:  that alternatives investigated are the best available management practices.  No project used unsound practices as controls, even frequently used but unsound practices.  For example, tillage to cover up rills or fill in gullies is common, but certainly does not solve the problem.  No project even mentioned the possibility of using such practices.  SSARE projects were committed to finding the best ways to create farm profits while protecting the natural resources that make those profits possible.

For the most part, project findings were not in disagreement with one another even in projects from quite different ecological situations.  However, important results concerning management details differed from situation to situation.  One often-repeated statement was that site specific management is necessary and that very few “one size fits all” answers exist in sustainable agriculture.  Even when broadly applicable answers do exist – such as, adding organic matter is beneficial to soil quality – implementation and consequences will vary widely from place to place and farm to farm.

Only completed projects or ongoing projects with significant available information are included in this review.  The review was performed by first considering the final report of each project, then seeking further papers and publications.  In most cases, most information generated by each project was contained in the final reports and in publications listed in the final reports, but in some cases followup papers provided extra information.  The easiest way to locate followup papers was simply to contact project directors.  If project directors did not respond to repeated attempts to contact them or did not know of further papers, database searches were performed using project participant names and keywords.  Often, such searches turned up related but non-SSARE-funded work, meaning that that information was not used in this review.  The final reports for the first few projects funded (1988 to about 1990) were minimal at best and for one or two of those projects more information reliably linked to SSARE could not be found.  For the Graduate Student projects, the final reports or papers mentioned in the final reports were the only information used, as these were shorter term projects whose results should have been contained primarily in the final reports.  Several GS projects were sub-projects within larger R&E projects and are covered with those projects.

Many if not most SSARE projects led to further work in the same area. The decision was made to include only papers and information directly related to SSARE funding, again to limit the scope of the review to a manageable size, but also to reflect SSARE’s specific accomplishments more accurately. So, short-term projects that grew into new projects were not followed beyond the term of SSARE funding.  Long-term projects (e.g., Virginia, Texas, North Carolina) that received initial SSARE funding were followed to the extent that it was possible to identify new work as being part of the same project.  

Nutrient Cycling Biology, Cover Crops, and Compost

This section describes projects investigating soil enzymes, active organic matter, microbial diversity, macroscopic organisms, nitrogen (N) cycling, composting methods and feedstocks, compost application rates, compost contributions to soil fertility, cover crop management, legume contributions to soil fertility, and managing mulches or living mulches for soil improvement.  This is the largest group in the SSARE soil quality projects, with more than 20 projects (including continuations) having significant information available in these areas.

The main result from these projects is unsurprising:  frequent organic matter addition stimulates soil biological functions and generally improves physical and chemical soil quality characteristics in agricultural soils.  The value of returning manures and crop residues to soil has been known for thousands of years.  The devil is in the details of choosing which manures and agricultural by-products to use, at what rate, when, and how.  These choices must be made on almost an individual basis for each farm.  And cash crop yield responses to organic matter are less certain, as the SSARE projects found.  

When fertilizers became widely available in the mid-20th century, fertilizers made managing organic matter less necessary at least in the short term, because the readily plant available nutrients in fertilizers raised crop yields enormously even as soil quality declined.  A renewed focus on organic matter management has arisen for various reasons including the need to deal with accumulating organic wastes, the interest in food produced without chemical fertilizers, and the rising cost of energy.  The SSARE projects have focused upon quantifying the benefits of organic matter to soil, and some have focused upon effective organic matter management techniques. 

Managing organic matter additions to soil is difficult because of the relatively large amount of organic matter needed to make significant differences, along with the need to add organic matter frequently (at least annually).  One estimate (Brady and Weil, 1999) suggests that 60 to 80% of a given batch of added organic matter is oxidized to CO2 within one year, an estimate supported by one SSARE project’s conclusion that last year’s organic matter did not confer residual benefits.  Handling, processing, transporting, and incorporating such amounts of organic matter remains challenging and expensive.  Furthermore, nutrient release from organic matter is much less predictable than from fertilizers.  Decomposing organic matter may release nutrients either well before or well after cash crop peak nutrient requirements, meaning that crop yields may be low and valuable nutrients, especially N, may be lost from the system.

Six SSARE projects investigated the use of several local by-products for soil improvement, including cotton gin trash, rice hulls, composts, and yard waste.  These materials were tested at rates between 4.5 and 60 Mg ha-1, about 4 and 55 tons acre-1.  The C:N ratio of agricultural byproducts was critical to their success in encouraging crop yield; rice hulls, for example, have a very high C:N ratio and needed to be co-applied with N fertilizer to avoid N immobilization.  Even incorporating crimson clover with rice hulls did not prevent N immobilization.  Cotton gin trash seemed to be an especially important resource where available.  Composted or uncomposted, this material improved soil biological activity and could suppress specific pathogens but encouraged the spread of other pathogens.  Soils damaged by erosion or land-leveling responded to amendment with agricultural by-products especially well.  One issue that individual SSARE projects could not readily address was the fact that each type of by-product had specific requirements for use. 

Seventeen projects investigated cover crop or green manure management.  These projects clearly demonstrated that appropriate leguminous cover crops adapted to specific environmental conditions can provide adequate N for almost any following crop.  In the SSARE projects, cover crops often resulted in cash crop yields equal or greater to those achieved with fertilizers. One project found that even in no-till situations, cover crops provided adequate N to the following crop; tillage was not necessary to stimulate adequate N release in that environment.

However, achieving synchrony between release of nutrients from decomposing cover crops and the requirement for nutrients by growing harvestable crops is difficult.  Inadequate N provision to the harvestable crop and/or leaching of N because the harvestable crop was not using N at the time it was available were common in the SSARE projects.  No project provided a final resolution to this problem.  The main recommendations were to give N credits for legumes in the system and to use a combination of leguminous and non-leguminous cover crops to retain N in the system. One project definitively found, for its environment, that fall cover crops were more beneficial for retaining N than spring cover crops followed by fall crops.  Rye was a successful N scavenger in almost any situation, but could disadvantage following crops due to allelopathy or N immobilization.

Two projects found that the pre-sidedress nitrate test did not adequately predict N-mineralization from organic sources, and that predicting N mineralization accurately was necessary for ensuring adequate and non-polluting N supply to following crops. Two projects found that another challenge in using cover crops for fertility was that other growth limiting factors such as lack of moisture could reduce the effectiveness of nutrient cycling from cover crops. 

Only a few projects so far have addressed the details of microbial community structure or specific enzymatic functioning. All projects that investigated these issues found that active organic matter addition resulted in heightened enzyme activity and could change the microbial community structure.  In at least one project, microbial diversity was heightened by added organic matter, but the functional significance of this diversity was not clear.  To elucidate the relationship between structure and function in microbial communities will require a great deal of detailed basic biological research.  Such work may well not be of immediate practical use to farmers, although a nationwide survey of organic farmers by the Organic Farming Research Foundation found that soil biology was of fairly high interest to these farmers (OFRF, 1997).

Nutrient cycling, cover crops, and composts remains a complex topic with plenty of room for investigation.  Research investigating specific management recommendations for the use of different by-products as soil amendments will remain useful for SSARE’s goals of encouraging linkages among agricultural sectors and between agricultural and urban sectors.  Research on nutrient cycling in cover crops will remain useful if the research focuses on new situations such as no-till in organic systems, or creates more accurate and farmer-friendly models of nutrient release from cover crops.  Research to find ways that different cover crops can contribute to immediate farm profitability while providing benefits to soil quality will be a highly significant area of investigation.  To elucidate the relationships involved in microbial community structure and function will require detailed basic biological research, which may or may not have immediate practical implications.  However, answers gained from this kind of work may be broadly applicable.

LS89-15.  Enhancement of the stability of southern region agroecosystems through profitable transition to sustainable agriculture (Jones, 1991).  Texas, Oklahoma, Arkansas.  
This project facilitated various on-farm projects.  One project investigated a system for growing cabbage in raised beds with rye or hairy vetch cover crops.  Beds with cover crops maintained their height significantly better than beds with bare soil, indicating a reduction in erosion or soil compaction. The interaction of N fertilizer with cover crops was also tested.  Bare soil beds produced the highest yields at every N rate, much higher than rye-covered beds.  The lower yield of rye-covered beds was attributed to N immobilization by cover crops rather than loss of N.

LS90-20.  Effective nitrogen for low-input forage and grain production in a thermicudic region (Stuedemann, J., personal communication, 2005).  Georgia.
Crimson clover was evaluated as source of N for grain crops.  Total N accumulated by crimson clover was 323 kg N ha-1, while total N uptake by grain sorghum planted into the clover was 454 kg N ha‑1.  The clover provided 71% of the N required by sorghum.  Killing the clover early in the spring conserved soil water by reducing transpiration demand.
LS91-35.  Improved nitrogen-use efficiency in cover crop based production system. (Wagger, 1994).  North Carolina.  (Cross reference:  Pollution)

Legume-grass bicultures were evaluated for available N and N-scavenging ability.  The C:N ratio of all bicultures was <30, indicating that net N mineralization would occur as residues decomposed.  Inorganic N in the soil profile was lower in legume-grass bicultures than legume monocultures, suggesting that the grasses, especially rye, used leguminous N.  When moisture availability was low, corn recovered only 7% of N from legume cover crops, meaning that a significant amount of N could be lost.  Well-watered corn recovered 21 to 35% of leguminous N.  The authors suggested that the most benefit is obtained when grass-legume cover crop mixtures are used and the following crop is not stressed by other growth-limiting factors.  

LS91-40 and LS94-40.1.  Utilization of winter legume cover crops for pest and fertility management in cotton (Rothrock, 1995).  Arkansas

This project investigated the interaction of cover crops and tillage in cotton production.  Averaged over tillage systems, yield was greater when irrigated cotton followed clover, vetch, or native vegetation rather than wheat or rye.  Under reduced tillage and with supplemental fertilization, cotton yield was similar following clover, vetch, or native vegetation; this suggested that leguminous N did not benefit cotton if fertilizer N was available.  However, soil NO3-N accumulation under legume cover crops indicated the presence of excess N.  Over-fertilization should be limited by giving appropriate legume N credits.

LS91-43 Cover crops for clean water:  a national conference on the role of cover crops in improving water quality (Hargrove, 1991a).  Multistate.  (Cross reference:  Pollution)

This conference proceedings provides information on the roles and management of cover crops and crop residues.  Main biology topics include N cycling, weed and disease management, pest control, integrated production systems, and integrated crop-livestock systems.  Specific information on various cover crop species and different environmental conditions is included.  This resource could be helpful to farmers as well as researchers.

LS92-45.  Organic nitrogen sources for sweet potatoes: Production potential and economic feasibility.  (Collins, 1995).  North Carolina. 

This project investigated crimson clover as an N source for sweet potatoes and for rotational sweet potatoes and sweet corn.  Crimson clover and 100 kg N ha-1 fertilizer produced equal sweet potato yields; yields did not increase as N increased further.  Nitrogen use efficiency decreased as N increased to 200 kg N ha-1. Crimson clover also provided adequate N for corn, but corn yield suffered regardless of N source when corn followed sweet potatoes.  Giving proper legume N credit when determining fertilizer requirements is essential to maximize sweet potato yields and N use efficiency.

LS92-49.  Organic soil amendments of agricultural by-products for vegetable production systems in the Mississippi Delta region (Teague, 1995).  Mississippi (Cross reference:  Manure).

Various agricultural by-products were evaluated for use as soil amendments for horticultural crops.  Unprocessed cotton gin trash resulted in severe weed problems.  When cattle fed on piled trash over winter and the material sat undisturbed over summer, weeds were reduced.  Gin trash produced no vegetable yield response at rates below 9.6 Mg ha-1 on undamaged soil.  Composted gin trash applied at 60 Mg ha-1 to damaged soil improved cabbage yields beyond fertilizer alone.  Straw and aquaculture waste compost at 4.5 Mg ha-1 increased collard yields but decreased southern pea yields.  Up to 9 Mg ha-1 uncomposted rice hulls could be used with N-fertilizer as a co-amendment; legumes were not effective in reducing N immobilization by rice hulls.  Agricultural wastes can be used as soil fertility amendments, especially when processed to reduce weed problems or high C:N ratios, and are helpful to remediate damaged soils.

AS93-07.  Evaluation of recycled paper mulch as an alternative to black plastic mulch in vegetable horticulture (Schonbeck, 1995; Schonbeck and Evanylo, 1998).  Virginia.

This project tested several mulches for tomato production. Hay, plastic, and paper mulches increased total tomato yields compared to unmulched soil.  Hay mulch (100 mm deep) and leaf compost mulch (50 mm deep) provided enough organic N and C to replenish organic matter lost to decomposition during the growing season.  Much of the N applied was not available in the first growing season owing to the high C:N ratio of these materials.  Mulch treatments did not affect soil bulk density or water infiltration over one season, but earthworm populations were twice as high under hay mulch than black plastic, and intermediate under paper. Soil temperatures and moisture closest to optimum for tomatoes were produced by laying oiled paper just prior to planting to warm soil, and covering the paper with 10 cm hay about 7 weeks after planting to conserve moisture.  This combination also provided effective weed control.

LS93-52.  Dairy manure in low-input, conservation tillage animal feed production systems (Mullen, 1997).  Tennessee.  (Cross reference:  Manure and Pollution).

This project investigated the potential to fertilize no-tilled corn silage with dairy manure to close farm nutrient cycles.  Several categories of bacteria and fungi were more abundant from 0 to 5 cm soil depth than from 5 – 20 cm.  Soil enzyme activity was highest from 0-5 cm, corresponding to higher organic C and N.  Enzyme activities were higher in soils receiving manure than ammonium nitrate.  After 3 yr of manure applications, manured soils and fertilized soils had nearly equal silage yields but manured soils had much lower pre-sidedress nitrate levels, indicating that the PSNT may not adequately predict N-mineralization. 

LS93-53.  Sustainable whole farm grain/silage production systems for the Southeast (Reeves, 1998).  Alabama.

This project developed alternative grain and silage crops, especially lupin and tropical corn, for use in crop-animal systems.  Wheat yields were highest following soybean, but could be matched following millet or corn fertilized with 134 to 202 kg N ha‑1.  When used as a green manure crop, lupin provided sufficient N for 46 Mg ha-1 silage corn yield, which was greater than silage yield following clover, winter fallow, or rye.  Soybean and lupin reduced one another’s yield in rotation.  Lupin was insensitive to acid soil pH but responded to P fertilization.  No-till with in-row subsoiling encouraged lupin yield over conventional tillage. 

LS93-55.  Cover crop integration into conservation production systems (Dabney, 1994).  Mississippi, Alabama, Tennessee, Arkansas.

This project evaluated several legume and legume-grass cover crops.  Early flowering was negatively correlated with winter hardiness.  Reseeding was more successful when cover crops were killed at least 36 days after full bloom.  Biomass production varied from 5000 to 10,000 kg ha-1, with acid soils or low P reducing biomass.  No-till cotton could be planted into cover crop residue 1 to 6 days following mowing and row cleaning.  Cover crop mulches stabilized soil temperatures and increased early cotton growth.  Rye suppressed weeds while hairy vetch encouraged grass weeds.  Cover crops increased cotton yield enough to pay for planting the cover crop, in addition to benefits in soil quality.

LS95-69.  Managing soil phosphorus accumulation from poultry litter application through vegetable/legume rotations (Earhart, 1998).  Texas, Oklahoma.  (Cross reference:  Manure and Pollution).

This project investigated the use of poultry litter for soil fertility, while using cover crops to limit NO3- leaching or P accumulation.  Over 4 seasons, the lowest residual P in the 0-15 cm soil depth occurred under a summer vegetable-fall cover crop rotation, followed by spring vegetable-fall fallow and spring cover crop-fall vegetable rotation.  High biomass fall cover crops had the greatest potential to remove P from the system.

LS95-71.  Developing municipal/farm linkages for on-farm composting and utilization of yard wastes:  A regional resource issue (Evanylo, 1997).  Virginia.

Cooperation between a city and several local farms led to the composting of 2600 cubic yards of yard waste. Approximately 6 parts leaves to 1 part locally available poultry litter were blended.  A windrow turner produced a more desirable product, more quickly, than other methods of turning, but required a large flat area. Sweet corn yield was higher with commercial fertilizer due to higher plant available N, but soil in compost plots had higher total N, Ca, Mg, Mn, and B.  Organic matter, total C, and CEC tended to be higher in plots receiving compost.  Greenhouse studies showed that bedding plants could be grown in the composted yardwaste.

LS95-72.  Agronomic and economic benefits of intercropping bean with banana (Li, 1998). Puerto Rico.  (Cross reference:  Soil and Water Conservation)

Banana is an important tropical cash crop with a growing period of 14 to 18 months.  No-till greenshelled beans were intercropped with no-tilled banana to provide intermittent income.  Beans did not affect banana yield and contributed only minimally to soil N or other soil nutrients during the bean growing season.  Also, erosion was much greater with beans due to soil disruption even though beans were no-tilled.  However, two successive intercroppings of bean increased farm income significantly.

LS96-75.  Crop management systems for improving production of culinary herbs in the Virgin Islands (Palada, 2000).  Virgin Islands.

Fresh herbs and vegetables are high value crops in the Virgin Islands, where tourism and gourmet foods are important. Combinations of organic and plastic mulches, organic fertilizers, green manures, and animal manures were used for sweet basil, chive, cilantro, parsley, and thyme on small farms.  All green manures were acceptable for herb production. Sunnhemp and hyacinth bean tended to result in higher herb yields than cowpea, likely due to greater N supply.  Herb response to animal manures depended upon residual fertility from previous management.  Chicken manure at a rate of 900 kg dried manure ha-1 increased thyme yield in one farmer’s field.  Hay was an acceptable mulch compared to other organic mulches or black plastic.

Microirrigation techniques and mulches were tested for tomato, cucumber, and bell pepper. Cucumber cultivars responded differently to different kinds of mulch and levels of irrigation; unfortunately the more flexible and productive cultivar was not locally preferred.  In pepper, either organic or black plastic mulch increased irrigation efficiency and yield.  In tomato, hay mulch with increasing irrigation increased fruit size but not total yield or number of fruits.  In high rainfall seasons, the benefits of mulch and irrigation were less pronounced for all crops.

LS96-77.  Sustainable cropping system for seedless watermelon and fall lettuce in rotation with green manures (Reddy, 1999).  North Carolina, Virginia. 

Various legume and legume-grass winter cover crop treatments prior to watermelon and lettuce crops were tested.  Results were variable from site to site.  Averaged across sites, watermelon yields were lowest following hairy vetch + rye.  Watermelon following hairy vetch alone or austrian winter pea + rye produced yields slightly higher than melon with the recommended fertilizer.  Fruit quality was not affected by cover crops.  Lettuce could not be evaluated due to late melon harvests.  Decomposing cover crops provided adequate N for watermelons but not in synchrony with melon requirements, resulting in NO3-N accumulation and leaching.

LS99-099.  Economic and environmental effects of compost use for sustainable vegetable production.  (Evanylo, 2002).  Virginia.

This project sought to quantify longer term benefits that compost provides to soil quality and crop production.  High and low compost rates with and without supplemental fertility were tested. Treatments did not affect soil microbiological properties.  A high compost rate applied annually lowered soil bulk density and increased porosity, while a high compost rate applied biennially was sufficient to increase water infiltration.  Rainfall runoff was lowest for the annual high compost rate, attributed to improvement in soil physical properties. The pre-sidedress nitrate test indicated that mineralization of NO3-N from compost was not as rapid as expected, while NO3-N leaching indicated that accurate estimation of plant-available N was more important than N-source in predicting pollution potential.  Soil organic C, total N, and available P were highest in plots that received the annual high compost rate. Yield responses demonstrated that there was little benefit to low annual compost rates and that a one-time large compost application produced few residual benefits.  This research showed that large amounts of compost are necessary to provide soil fertility and improve soil quality characteristics.

LS99-102.  Demonstration of a sustainable integrated production system for native pecan and beef cattle producers and its effect on ecology in flood prone areas (McCraw, 2003).  Oklahoma.

This project developed an integrated pecan-beef system using annual and perennial legumes as the main N source for the trees and for grazing.  Pecan yields were higher in both grazed and ungrazed legume plots than fertilized plots whether grazed or ungrazed, meaning that legumes could supply the 110 to 170 kg N ha-1 pecan requirement.  Any supplemental N fertility should be applied in early June, when cool season legumes become inactive, and no later than mid-June, when N could stimulate late pecan growth and make the trees more susceptible to cold. 

LS99-106.  Integrated crop and sylvan systems with swine:  A state and national initiative (Talbott, 2002).  North Carolina.

Integrating swine into agroforestry systems may improve soils for crop production. From October to March, gestating sows stayed in lots with or without leaf mulch, which had been planted to corn harvested before the animals arrived.  Plots with swine had significant increases in inorganic N and PO4 before corn planting, but concentrations decreased after plant uptake.  Soil organic matter and water holding capacity at permanent wilting point increased when both leaf mulch and pigs were present, probably due to increased decomposition.  Leaf mulch lowered bulk density and particle density and increased macroporosity.

GS00-003.  Resilience of nitrogen availability and retention in soils of Kentucky certified organic farms (Bhavsar, 2003).  Kentucky.

Soils on two privately owned organic farms were characterized for soil biological functions.  Undisturbed soils had higher soil quality than cropped soils, as measured by organic matter content, light fraction organic matter, and selected physical properties.  Soil enzymes in cropped and undisturbed soils were similar in their recovery from perturbation.  Cropped soils had more mineral N than undisturbed soils, but undisturbed soil had more potentially mineralizable N. Added N was not fully assimilated into organic forms over a brief incubation in any soil.  Organic farmers report being more likely to concentrate on building soil organic matter than on managing N. 
GS00-006. Evaluation of cover crops and conservation tillage for conventional and organic sweetpotato (Ipomoea batatas) production in North Carolina (Treadwell, 2004).  North Carolina.
Different organic management systems for rye/hairy vetch cover crops for sweet potato production were compared, including no cover crop, cover crop incorporated prior to transplanting, and reduced tillage.  Compost was applied to supply 90 kg N ha-1.  For all systems, soil N, P, and K were sufficient for sweetpotato each year.  Sweet potato yield without cover crop and with cover crop incorporated prior to planting was equal to yield in a conventional system each year.  The reduced tillage treatment produced the same yield as other treatments in 2 of 3 years, and was reduced in one year due to significant weed pressure. 

LS00-115.  Establishing sustainable production and information exchange systems for limited resource farmers in Louisiana (Smiley, 2002).  Louisiana.

This project investigated methods for vegetable production for small scale farm.  Crimson clover + annual ryegrass was used as a winter cover crop previous to spring watermelon.  Vines were longer when cover crops were incorporated rather than no-tilled.  Yield data was not reliable due to weather problems.  Southernpea with and without supplemental organic fertilizer was tested as a summer cover crop previous to broccoli and lettuce. Vegetable yields differed between years, owing to weather.  Southernpea could be harvested twice without severely reducing fall crop yields, and along with organic fertilizer provided adequate N for acceptable fall crop yields. 

LS01-125  Sustainable vegetable production in rural Mississippi (Chukwuma, 2003).  Mississippi.

This project developed strategies for vegetable production.  A conventional monoculture system; a reduced input system with fertilizer, cover cropping, and compost; and an organic system with organic fertility inputs and cover cropping and composting were compared.  The conventional system had higher yields of the main crops but the reduced input and organic systems had higher overall production and profitability due to intercropping of herbs with the main crops.  Organic cropping increased vegetable and leaf K, Ca, Fe, and Zn compared to the other systems.  Soil NO​​3-N and PO4-P were highest in the conventional system. 

LS01-128.  Influence of microbial species and functional diversity in soils on pathogen dispersal and ecosystem processes in organic and conventional agroecosystems (Ristaino, 2003).  North Carolina.

Tillage and soil fertility amendments strongly influenced soil biological characteristics over time.  Plots were tilled weekly or mulched after initial tillage.  Split plots received conventional fertilizer or a variety of organic amendments.  Base saturation and pH of organically amended soils were higher than fertilized soils.  Cotton gin trash had the greatest benefits for several biological soil processes and physical properties, especially compared to synthetic fertilizers.  Cotton gin trash also retarded the spread of southern blight.  Straw-mulched plots had higher biological activities than plots with weekly tillage.  According to molecular probes, soil amendment type more strongly influenced fungi community structure than soil type. Total bacterial biomass was higher in conventional farms, but the ratio of active:total microbial biomass was higher in organic farms.  Conventionally and organically managed soils also differed in utilization of several C-substrates, indicating different community characteristics between the farming systems.

LS02-136.  Enhancing the economic and environmental competitiveness of small farms through agroforestry (Jose, 2003).  Florida.  (Cross reference:  Fertilizers).

Alleycropping of cotton and pecans may lead to improved soil quality over time.  Soil organic matter, microbial biomass, soil respiration, and fine root biomass were greater under old alleycropping systems (47 yr) than new systems (3 yr), indicating the role of time in improving soil quality.  Cotton alley cropping slightly increased soil respiration in an old system and reduced soil organic matter (SOM) compared to SOM in an old (47 yr) pecan orchard.  Tillage for cotton stimulated microbial activity, leading to breakdown of accumulated active soil organic matter in old orchards.  Conservation tillage or no-tillage could conserve organic matter during cotton production.  

Fertilizers

This section describes studies that investigated synthetic fertilizers, rates of fertilizer application, alternative fertilizers not including manure, compost, or cover crops, and soil fertility measurements related to fertilizer use. 

Projects which used synthetic fertilizers only as a control treatment and whose central questions were about manure, compost, and cover crops are described in other sections.  Interestingly, SSARE has relatively few projects that focused on fertilizers.  SSARE projects have emphasized more biological aspects of soil fertility (discussed above). Nitrogen was clearly the nutrient of greatest concern, with even phosphorus (P) being secondary.  Micronutrients have not been specifically investigated.  

The main concern of the SSARE projects investigating fertilizers was to increase fertilizer use efficiency.  This is a critical issue for farmers, especially as N fertilizer prices rise along with natural gas prices.  For example, one Georgia farmer testified before a House subcommittee that N fertilizer costs on his farm rose from $36 acre-1 in 2002 to $64 acre-1 in 2004 (Whittaker, 2005).  Farmers with extensive acreages of commodity crops are especially vulnerable to fertilizer price increases.  According to many extension personnel (see for example McAlavy, 2005), soil testing is the most important on-farm tool for fertilizer management.  

One common principle of sustainable agriculture is using crops that fit the environment.  In one project, even the best fertilizer management did not improve the performance of alfalfa in acid coastal plains soils.  Success with alfalfa in these soils simply could not be achieved with a reasonable expenditure of time and money.  This project confirmed the importance of site specific crop choices and management, especially when the cost of applying any soil amendment (not just N fertilizer) is rising because of energy costs.

Two projects in the arid plains found that weather conditions, available water, and crop rotation were more influential in yield production than fertilizer management.  Furthermore, conservation tillage and no-tillage resulted in higher crop yields in these projects, indicating the multiple benefits of retaining topsoil.  The interaction of fertilizer management with other factors may provide rationale for reducing fertilizer use.

Complementary crops may make fertilizer use more efficient.  One project focused on intercropping of cotton with pecan trees.  This system found that pecans could scavenge unused fertilizer N from deeper within the soil profile than cotton could reach and redeposit it on the surface.  Because the peak N requirements of cotton and pecans do not coincide, these crops are not in great competition for N.  Such relationships among crops are not well investigated.

Only one SSARE project focused on alternative fertilizers.  This project recycled restaurant food waste through a methane digester.  The researchers hoped to create a high-soluble-nutrient fertilizer for use in organic production systems.  This objective was partially achieved; the fertilizer was acceptable for field production but less useful for producing transplants because it either burned sensitive transplants or did not provide enough nutrients for stronger transplants.  Another project focused specifically on organic transplant production, a challenging task because so few organically certified materials provide reliable mineral nutrient contents.  This project found that expensive organic fertilizers were effective, but necessary, in transplant production.

The challenges of continuous improvement in fertilizer use efficiency remain.  Increasing adoption of soil testing and education of farmers about available on-farm nitrate testing technology may help farmers to fine-tune N management.  Research investigating and optimizing more alternative fertilizers and micronutrient sources, especially that creates and enhances local nutrient cycling, would add a new direction to SSARE’s suite of projects.  Novel crop combinations to improve profitability and increase fertilizer use efficiency may be investigated.  Research on processing or formulating inexpensive organic materials to be suitable for organic transplant production or other delicate plant production would be a boost to the organic farming community, especially if local nutrient cycles were created and enhanced.

LS92-47.  Farm scale evaluation of alternative cotton production systems (Lyle, 1995).  Texas.  (Cross reference:  Soil and water conservation)

In the arid high plains, soil and water conservation are primary concerns in developing cropping systems.  Several cotton production rotations, irrigation rates, and N rates were compared.  The highest yielding rotation was wheat-cotton, while conventional cotton was the lowest yielding system.  Irrigation rate and rotation were more influential than N rate in increasing cotton yield.  Increased irrigation and diverse crops increased N-uptake, reducing NO3-N in the soil profile. 

LS98-90.  An integrated system of organic food production and urban food waste recycling using on-farm anaerobic digestion and fertigation  (Barkdoll, 2002).  Florida.

To provide an organic fertilizer from a local recycled resource, food waste from restaurants was digested in a small anaerobic digester.  The digester handled about 2.27 Mg of food waste over 15 months, 69% of which was converted to gas or liquified.  Effluent could be used in drip fertigation systems if adequately separated from the digested solid fraction and if drip tape had clog-prevention features.  Effluent burned young lettuce transplants, but kale and radishes responded as well to effluent as to another organic fertilizer.  Tomato transplants also responded well except for having low tissue P.  The digested solid fraction did not require composting.

LS99-100.  Systems for sustainability of alfalfa production on acid Coastal Plain soils using various harvesting strategies (Haby, 2004).  Texas.

East Texas coastal plains soils are limited for alfalfa production due to low pH and aluminum (Al) toxicity.  Two well-drained, acid soils with toxic levels of subsurface Al were limed to raise pH to 7.0 and gypsum was applied at various rates up to 15 Mg ha-1.  Grazing tolerant alfalfa was planted, but did not benefit from the soil amendments. In greenhouse experiments, alfalfa yields and root growth were not affected by gypsum, which did not leach Al from the soil and did leach other cations from the soil.  Other, unfortunately lower quality, forages such as bermudagrass and bahiagrass were much easier to manage on acid Coastal Plain soils.  

GS02-013.  Developing a system to produce organic plug transplants for organic strawberry production (Paranjpe et al., 2004).  Florida.

Organic strawberry transplants were produced by using organic plug mixes and organic fertilizers. Plants grown in a mix containing equal parts pinebark and worm castings required more frequent irrigation than plants grown in a 2:1:1 mix containing peat moss, perlite, and vermiculite.  A complete nutrient solution produced 5-10% higher plug survival rates than the organic materials Fertrell Super-N (4-2-4) and Fish-O-Mega (4-2-2).  The organic materials were effective when used separately but caused leaf burn when used together.  Cultivars resistant to local disease problems should be used in organic transplant production.
LS02-136.  Enhancing the economic and environmental competitiveness of small farms through agroforestry (Jose, 2003).  Florida.  (Cross reference:  Nutrient Cycling)

GS01-009.  Competition for nitrogen and groundwater nitrate levels in temperate alley cropping systems (Allen, 2003a).  Florida.

A primary role of trees in alleycropping systems is to scavenge unused fertilizer N from deep within the soil profile and to redeposit the N on the surface via litterfall.  A pecan-cotton system was fertilized and rows were either left alone or “trenched” to a depth of 120 cm. Pecans redistributed approximately 48 kg N ha-1 to the soil surface through litterfall.  There was minimal N competition between the crops due to their peak demand occurring at different time.  Competition that did occur was for N already resident in the soil, not fertilizer N.  Root trenching did not affect pecans, but improved cotton biomass and fertilizer use efficiency.

Manure and Pollution
This section describes projects that integrate manure usage to enhance soil fertility where pollution potential is a concern.  Estimating from the USDA 2002 Census of Agriculture (USDA, 2002), the United States has 95.5 million cattle and calves, 60.4 million pigs, and an amazing 1.8 billion chickens and turkeys.  Daily manure production per 500 kg animal weight ranges from about 5 kg for feeder cattle to 15 kg for broiler poultry (Veenhuizen et al., 1992).  In other words, cattle alone produce at least 2.4 x 108 kg (2.64 x 105 tons) of manure every day.

Using the manure resource appropriately is critical.  Achieving soil fertility enhancement for crop production without creating water pollution problems is difficult.  Most SSARE projects that dealt with manure also investigated pollution.  A few projects investigated manure as a fertility source, but did not deal with potential pollution issues; these projects are discussed separately (Manure section, below).  Several more projects investigated methods of containing manure or finding alternative systems that reduced pollution potential, but investigators did not specifically investigate the usage of manure as a soil amendment.  These projects are also discussed separately (Pollution section, below).

The SSARE projects agreed that manure of many kinds, used at appropriate rates, with crop rotations to catch excess nutrients, and with traditional soil conservation measures, could be a cost effective and non-polluting source of soil fertility.  As with using agricultural by-products for soil amendments, though, details of management must vary greatly from place to place. 

The SSARE projects found that acceptable manure application ranged from 0.3 Mg to 17 Mg ha-1 yr-1 depending upon the soil type and management history, crops to be grown, and manure nutrient content.  Specific recommendations from each study could not readily be applied to other environmental situations.  All manure/pollution projects suggested the importance of testing manure and soils and considering crop requirements to calculate appropriate application rates.  In conjunction with appropriate manure rates, legumes in a rotation could help to limit P accumulation and fall cover crops could help to reduce the potential for N pollution.  Soil conservation and water quality protection measures such as filterstrips also reduced potential problems. 

Exporting manure itself out of watersheds in a cost-effective manner may be one way to deal with the amount of manure available, but this is certainly difficult to achieve.  Only one project in these categories directly addressed the challenge of doing so; this project tested the feasibility of using dairy manure to fertilize sod which was then exported from the watershed along with its associated soil.  More research along the line of creative integration of agricultural enterprises or manure processing for export may provide avenues for positively handling animal waste.  An alternative research priority would be work that addressed structural changes to profitably limit the number of animals concentrated in local areas. 

Several challenges remain.  First, matching manure nutrient availability with crop demand continues to be difficult because manure nutrients are not plant available in the predictable manner that mineral fertilizer nutrients are.  Also, manure nutrient contents vary significantly even within the same farm system (Higgins et al., 2004).  Second, the choice to apply manure based on N or P requirements must be made on a site specific basis.  Most locations where manure is a major source of nutrients are tending toward P-overload, meaning that less manure can be applied than if applications are based on N-requirements.  Third, in some sites conditions are such that manure applied at a level to achieve maximum crop yield will still result in pollution or nutrient accumulation even though plant demand is operating.  Fourth, the amount of manure available remains overwhelming.  

LS90-24.  Development of an environmentally safe and economically sustainable year-round minimum tillage forage production system using farm animal manure as the only fertilizer.  (Johnson, 1993)  Georgia.

This project sought to maximize the use of stored liquid dairy manure for fertilizer, while minimizing adverse effects to groundwater. Liquid dairy manure applied through a center-pivot system at 200 and 400 kg N ha-1 provided inadequate N for high-demand crops, while 600 and 800 kg N ha-1 treatments were sufficient.  Because of a restrictive soil layer, manure rates between 400 and 600 kg N ha-1 yr-1 did not cause water quality degradation at 6 m soil depth.

LS90-26.  Swine waste – low cost alternative to commercial fertilizer for production of forage for grazing cattle (Mueller et al., 1994).  North Carolina.

This detailed extension publication recommends that manure should provide no more than 18 to 23 kg N 0.9 Mg​-1 forage dry matter yield (40 to 50 lbs N ton-1), except in P-sensitive watersheds where forage P requirements should determine application rate.  At 1 m soil depth, nutrient concentrations were  elevated after 2 yr manure application:  P 245%, K 374%, Zn 260%, and Cu from 0 to 2.42 kg ha-1 equivalent.  The authors recommended applying manure close to times of peak plant demand to prevent nutrient leaching and accumulation.

LS91-39 and AS93-10.  Use of poultry litter as a soil amendment in southern row crop agriculture:  A feasibility study based on agronomic, environmental, and economic factors (Miller, 1996).  Alabama. 

Poultry litter increased total soil C and CO2 evolution from soil, especially under strip-tillage vs conventional tillage. Up to 269 kg total N ha-1 could be applied without resulting in NO3-N above 10 ppm at 90 cm soil depth. Using 9 Mg ha-1 poultry litter (compared to 18 Mg ha-1 and conventional fertilizer) appeared to be the best compromise in terms of waste usage and pollution limitation, but litter should not be used for decades on the same land.

LS92-48.  Developing environmentally sound poultry litter management practices for sustainable cropping systems (Earhart, 1995).  Texas.

LS95-69.  Managing soil phosphorus accumulation from poultry litter application through vegetable/legume rotations (Earhart, 1998).  Texas (Cross reference:  Cover Crops).

Applying poultry litter at more than 2 times the rate recommended based on soil test, manure N content, and crop N requirement did not improve crop yields for either vegetables or bermudagrass.  Excess litter also produced 20 to 25 ppm NO3-N at 80 cm soil depth. Incorporating litter after application reduced NO3-N runoff to nearly zero.  Using forage crops in conjunction decreased NO3-N leaching when forage crops were grown in fall after spring vegetables.  Using litter at the recommended N-rate for vegetables produced 60 ppm P in the first 15 cm of soil, but fall forage crops, especially legumes, reduced P-buildup.   

LS93-52.  Dairy manure in low-input, conservation tillage animal feed production systems (Mullen, 1997).  Tennessee.  (Cross reference:  Nutrient Cycling).

Manure application did not affect total soil N and pH for 2 yr.  After 2 yr, 336 kg manure N ha-1 produced higher total soil C.  Over 3 yr, 336 kg manure N ha-1 produced silage yields comparable to ammonium nitrate at applied at 168 kg N ha-1.  There was no significant yield different between 252 and 380 kg manure N ha-1; manuring at the lower rate protected water quality while not sacrificing yield on no-tilled soils.  Based on an average manure N content of 0.35%, 7.2 Mg manure ha-1 could be applied, but P pollution became of concern when manure applications was based upon N-content.

AS94-14.  Forage, biomass, and biogas integrated systems for animal waste management (McFarland, 1997).  Texas.

Switchgrass yields increased with increasing amounts of dairy waste up to 640 kg N ha-1, which produced 16.7 Mg biomass ha-1.  Biomass increased to a maximum of 21.6 Mg ha-1 with commercial N-fertilizer, indicating that some N in dairy waste was either unavailable to switchgrass or left the system. At all manure application rates, switchgrass filterstrips lowered surface runoff nitrate-N concentrations by 57 to 99%, lowered P concentrations by 14 to 85%, to less than 1.5 ppm P, and reduced chemical oxygen demand of runoff water.

LS99-108 and LS00-117. System for conserving and adding value to manure sources of nutrients in turf-grass sod (Vietor, 2003).  Texas.

The potential for manure import from dairy farms and export in manure fertilized sod production from a sensitive watershed was investigated.  The watershed could receive 198,000 kg manure P ha-1 yr-1 and export more than 114,840 kg manure P ha-1 yr-1 in sod and associated soil.  A rate of 191 kg manure P ha-1 during sod production eliminated P fertilizer requirements for sod establishment. Phosphorus concentration in runoff from 50 kg P ha-1 plots on 8.5% slopes was much lower when the P was applied as manure than as fertilizer; furthermore, runoff P could be estimated by soil test P.  Using composted dairy manure to fertilize sod was an effective way of exporting nutrients from a vulnerable watershed.

Manure
The projects described in this section investigated manure from any source as a soil fertility amendment, application methods, application rates, and soil fertility measurements.  These projects dealt primarily with high-value vegetable crops; projects about manure use for grain crops tended to have significant pollution prevention components and are discussed above.  The projects discussed here did not directly address pollution problems.  These projects did not follow current USDA rules for organic vegetable production using manure (probably because those rules did not exist when these projects were active). 

Vegetable crops seemed more sensitive to differing manure characteristics than grain crops.  Furthermore, the SSARE projects found that different vegetable species responded differently to manure.  Vegetable transplant production had different requirements than field vegetable production.  Extremely site- and crop-specific information and management is required when using manure for vegetables.  

The SSARE projects dealing with manure on vegetable crops tested much smaller amounts of manure than is generally used on land planted to grain crops (less than 1 Mg ha-1 vs an average of about 10 Mg ha-1).  The small biomass produced by vegetables compared to grain crops limits the amount of manure that vegetable land can absorb.  However, because vegetable crops are of higher value than grain or forages, a profitable opportunity may exist to export appropriately formulated manure from the area of manure production.  The first project described investigated fractionating poultry litter as a means of concentrating nutrients, a processing step that could also make export more feasible by making litter easier to handle.

LS90-25.  Development of fractionation and treatment systems for poultry litter to enhance utilization and reduce environmental impact (Merka, 1992).  Georgia.

Litter from broiler houses was separated into fractions by sieving through screens.  The coarse fraction could be returned to the houses for re-use as bedding.  The finer fraction had a higher N content than whole litter, making it preferable for use as a soil amendment.  Storing the fine fraction at a low water content (less than 0.5 kg kg-1) resulted in minimal gaseous N loss during storage.  Pelletizing the fine fraction resulted in higher denitrification losses when pellets were applied to soil but made the litter easier to handle and transport.

LS92-49.  Organic soil amendments of agricultural by-products for vegetable production systems in the Mississippi Delta region (Teague, 1995).  (Cross reference: Compost, Cover crops).

Poultry litter applications ranging from 0.3 to 0.9 Mg ha-1 increased spinach, cabbage, turnip green, and collard yields on soils damaged by erosion or nutrient depletion, but did not reliably increase yields on undamaged soils. Pelleted poultry litter was more expensive than other formulations but was much easier to handle and apply.  Poultry litter was not a good source of nutrients for vegetable transplant production.

AS93-11.  Use of poultry litter or manure for root knot nematode management on vegetables and field crops (Fortnum, 1997).  South Carolina.

Poultry litter and poultry manure varied considerably in N content depending upon the collection method used.  Litter had higher total N, but manure had higher mineral N content, meaning that available N was similar for manure and litter. Nitrogen volatilization was significant for both litter and manure, but could be prevented through immediate incorporation.

LS99-103.  Pastured poultry and vegetable production:  An integrated approach (McNitt, 2003).  Louisiana.

Different vegetable crops, and different varieties within crops, responded differently to manure left by pastured hens.  Supplemental fertilizer at a reduced rate was generally needed for highest yields, and for crops requiring high N-fertility, commercial fertilizer did best.  Planting between 7 and 14 days after manuring was acceptable for all crops tested, but optimal planting date differed by crop.

Pollution

Water pollution was a primary concern of a few SSARE projects.  Air pollution was not directly dealt with by any SSARE project (except one focused on sugarcane categorized as a crop production project, not described in this review).  The assumption seemed to be that production practices which minimize soil erosion and provide proper manure management also limit air pollution due to dust or odor.

This section includes projects investigating ground or surface water pollution, including pathogen pollution, from any fertility source or animal management practice.  The current SSARE suite of pollution projects often dealt with manure pollution, focusing on innovative ways to contain pollution or on the development of inherently less-polluting animal management systems.  Only one SSARE project focused on fertilizer management, and its result was perhaps predictable:  over-fertilization caused NO​3-N leaching following corn. 

Technical solutions to pollution included using geotextile fabric under areas of heavy animal concentration, to direct manure deposition into holding lagoons rather than allowing it to seep through soil to groundwater.  Constructed wetlands were effective in treating waste from hog facilities.  These two technologies are quite expensive to adopt.  A less expensive method was to use intensively managed rotational grazing, which reduced surface water pollution dramatically by reducing animal concentrations.  Fencing cattle from streambanks during grazing was another relatively inexpensive pollution reduction measure, but recovery of already eroded areas was found to be slow.

Frustratingly, SSARE projects did not find a “one size fits all” approach to water pollution prevention, especially when economic feasibility was taken into account.  One extensive SSARE project concluded that every watershed was unique, that different nutrients behaved differently in every watershed, and that site-specific recommendations were more effective in preventing pollution than global recommendations.  This project suggested adoption of key pollution prevention practices in effective sites in watersheds.  Clearly, research in individual watersheds is a long-term process.  Further SSARE funding in this area may need to be directed toward the most sensitive watersheds.

LS91-35.  Improved nitrogen-use efficiency in cover crop based production system. (Wagger, 1994).  North Carolina.  (Cross reference:  Cover crops)

This study evaluated several cover crop combinations for their ability to use residual N following a corn crop. Over-fertilization of corn resulted in greater NO3-N leaching than fertilization following recommendations.  Rye was the most effective cover crop at scavenging N, removing more N from the soil profile than spring oat, wheat, crimson clover, or volunteer weed cover. Rye’s N-accumulation was higher with over-fertilization, while other cover crops did not respond to over-fertilization.  Groundwater pollution could be effectively reduced by not over-fertilizing and by using rye as a winter cover crop.

LS91-43.  Cover crops for clean water:  a national conference on the role of cover crops in improving water quality (Hargrove, 1991).  Georgia and Tennessee.  (Cross reference: Cover crops).

Environmental benefits from cover crops include reduction in erosion and runoff, increase in water infiltration, nutrient capture and reduction of nitrate leaching, and reduction of herbicide requirements.

AS94-12.  Waste management system for loafing areas in dairies (Brune, 1996).  South Carolina, Georgia.

Geotextile fabric and gravel covering a loafing area reduced groundwater pollution because only 0.5% of total rainfall infiltrated to drains beneath the area.  Surface flow was diverted to a holding area, but only 5% of manure N deposited on the loafing area could be accounted for, indicating a need for further investigation especially for surface runoff pollution.

AS94-16.  Development of guidelines for and demonstration of efficient treatment of swine lagoon wastewater by constructed wetlands (McCaskey, 1998).  Alabama.

A two-stage 0.40-ha (1-acre) constructed wetland treated all manure from a 500-hog yr-1 operation. Bacterial counts fell from over 1 million mL-1 in untreated wastewater to less than 1 100 mL‑1 in 20 days.  In an average year the wetland retained 74.3% of incoming N and 68.2% of incoming P.  Outgoing wetland water required only 7% of the land area for appropriate disposal  than untreated swine house effluent.  The wetland did not adversely affect groundwater quality.  

LS94-63.  Regional center for sustainable dairy farming (Washburn, 1998).  North Carolina.

Runoff from 6.2 ha of pasture area in a pasture-based, rotationally grazed dairy system had approximately 1% the pollution of runoff from a 1.1-ha exercise lot in a confinement dairy system.  Equal cow numbers were in each treatment. Densely vegetated, rotationally grazed pastures effectively retained feces, urine, and soil, especially under non-torrential rainfall. 

LS97-88 and AS97-26.  Producer assessment of sustainable land management practices to protect water quality (Steiner, 2000).  Georgia.

LS98-093.  Accountability at local, state, and federal levels for impacts of agricultural conservation practices on water quality (Fisher, 2003).  Georgia.

Landscape features such as drainage area and stream length affected the influence of management interventions such as farm ponds in reducing nutrient pollution of surface water.  Watershed morphology is extremely complex and nutrients behave differently from each other and differently in each watershed. The location of pollution sources in relation to surface water greatly influenced the sources’ impact on surface water quality, and global assessment was not adequate to identify critical areas.  Field by field assessment such as geospatial data was more informative. Water quality improvement is most effective when land management plans, risk assessments, and watershed nutrient criteria are considered on a case by case basis. 

GS02-014. Streambank erosion associated with grazing activities in Kentucky (Agouridis, 2004).  Kentucky.
This project assessed best management practices to reduce streambank erosion in grazed riparian areas.  Providing alternative water sources did not deter cattle from using the stream and thus causing streambank erosion.  Excluding cattle from the stream with fencing did deter erosion, except that cattle were allowed a narrow fording area which continued to erode.  Recovery of streambanks following fencing was very local, depending upon the stream characteristics.  The authors concluded that recovery of streambanks leading to reduction of erosion may require decades or even stream restoration.
Soil and Water Conservation and Soil Physical Properties

These projects investigated alternative tillage systems, erosion, terracebuilding or other soil-moving practices to reduce erosion, strip-tillage, mulches, improvement of soil physical properties, water infiltration, and reduced irrigation use.  Projects described in other sections may also have had conservation measures but the main research focus was not conservation.

Certainly, keeping soil covered and limiting disturbance from tillage reduces erosion.  The SSARE projects focused for the most part on making reduced-tillage systems feasible or on finding alternatives when reduced-tillage was not feasible.  

Four projects found that reduced tillage resulted in crop yields as high or higher than with conventional tillage.  The crops in these projects were corn, soybean, cotton, and wheat.  The success of these projects may have been due to their systems approach, because simply applying no-till to an existing situation without adjusting variety selection, seeding time, cover crop kill date, etc., may lead to yield failure (Lobb, 1994).  Other, non-SSARE funded research has found that individual crops may have slightly lower yield with no-till, but when combined in rotational system, the yield per land area for all crops is enhanced by no-till (Murdock et al., 2000).  The SSARE no-till projects all included aspects of crop rotation, irrigation management, and fertility management as well as tillage procedures.  As with most SSARE projects, these projects found that site specific and crop specific management was necessary.

Reduced tillage was not a panacea.  No-tillage of a bean crop into banana plantations on extremely sloping land created heavy erosion due to loss of plant residue cover on the soil.  The beans were highly profitable.  A challenge in sustainable agriculture research is to balance the need for profitability with the need to protect the environmental resource that makes those profits possible.

Finally, reduced tillage is not always a possibility. One SSARE project focused on grass hedges to reduce runoff and erosion where no-tillage could not be readily used, finding that even one row of switchgrass could reduce sediment leaving the field by 75%.  One area that SSARE projects have not closely examined is reduced tillage in organic cropping systems.  Since herbicides cannot be used for weed control in organic systems, frequent cultivation makes these systems vulnerable to erosion or to enhanced organic matter decomposition.  Future SSARE research could contribute to soil conservation by focusing on creating possibilities for erosion control and reduced tillage in systems and situations where such activities are currently still difficult.  

LS88-7.  Low-input reduced tillage crop production system for the southern United States (Hargrove, 1991b).  Georgia.

This project tested three levels of tillage, three levels of fertilizers, and three levels of weed control for corn and soybean production.   No-till corn with intermediate fertilizer and weed control yielded as well as conventional-till corn with high fertilizer and weed control.  After 4 yr, no-tilled soil had significantly greater bulk density, lower saturated hydraulic conductivity, and held more water at 30 cm depth than soils with other tillage treatments.  No-tilled soil also had greater water infiltration and less surface runoff, leading to greater water availability.

LS89-12.  Enhancing farmer adoption and refining of a low input intercropping soybean-wheat system (Buehring, 1992).  Mississippi.  

Soybeans were relay-planted into standing rows of wheat at the medium soft dough stage of wheat or were planted into killed wheat stubble in late June.  Both relay planting and planting into stubble reduced erosion 25 to 40% compared to monocrop conventional tillage. Monocrop wheat planted in 7-inch rows produced about 13% higher yield than relay-planted wheat in 16-inch rows with appropriate tractor wheel skips, but the effect was not consistent between years.  Relay-planted soybeans could yield significantly more than soybeans planted into killed wheat stubble in late June, possibly due to higher available moisture earlier in the season .

LS92-47.  Farm scale evaluation of alternative cotton production systems (Lyle, 1995).  Texas.  (Cross reference: Fertilizers).

In the arid high plains, soil and water conservation are primary concerns.  Several cotton production rotations were compared, with irrigation rates ranging from very deficient to over-irrigated.  Minimum and conservation tillage systems produced higher cotton yields than conventional tillage while using 25 to 35% less water and decreasing erosion.  At every water level, LEPA irrigation resulted in higher yield than conventional spray irrigation.  The wheat-cotton system produced the highest cotton yields at every water level; rotation with any other crop increased cotton yield at every water level except dryland. 

LS95-72.  Agronomic and economic benefits of intercropping bean with banana (Li, 1998).  Puerto Rico.  (Cross reference:  Cover crops).

Banana is an important cash crop in Puerto Rico, often grown on very steep slopes vulnerable to erosion.  To increase farm income and control erosion, green-shelled beans were no-till interplanted in banana stand.  Soil loss was far greater with the bean intercrops due to loss of grass cover and to greater soil disturbance even with no-till.  More permanent soil conservation measures such as terracing are needed to take advantage of the greater income potential provided by bean intercrops while controlling erosion.

LS96-73.  Soil conservation and pest management impacts of grass hedges (Dabney, 2000).  Mississippi.

Grass hedges can reduce erosion significantly and are appropriate where terraces cannot be constructed or when no-till is not feasible.  Strips of tall, stiff, erect grass planted perpendicularly to water flow reduced sediment leaving fields by over 75%.  Within 10 yr, grass strips could produce slope changes that reduced erosion by an additional 30 to 50%.  One- and two-row hedges were as effective as three- and four-row hedges. Hedges could create local wet spots which were solved by burying porous drain tile under the drainageway for 30 m upslope.

Soil Quality
Projects described in this section investigated several aspects of soil characteristics, including physical, chemical, and biological, not limiting their investigations to specific soil characteristics or functions.  Projects also tended to be long term systems projects that compared the longer term influence of different management on soil quality characteristics.  However, one or two shorter term projects are included due to their wide scope of investigation.

Two of the three large scale systems projects found that over years, differences in soil characteristics did appear among widely divergent systems.  The third systems project did not find significant differences among systems, but this may be because the systems were not divergent enough or because data collection did not continue long enough.  The differences that appeared among systems included biological, physical, and chemical differences.  Generally, soil quality characteristics such as bulk density, porosity, organic matter content, and microbial activity were improved in systems where vegetation diversity was increased and tillage decreased.  Heavy amendment with organic matter increased beneficial microbial species while tending to decrease pathogens, although specific exceptions to this trend occurred.  

Biological characteristics are usually believed to be more quickly responsive to management than are physical characteristics such as bulk density or porosity.   One study found that bulk density responded within two years to increased organic matter.  This project also found that historic management affected soil characteristics as much or more than current management, but regardless of management history, organic soil amendments significantly increased the occurrence of beneficial soil micro-organisms and decreased the occurrence of plant pathogens.

Soil and water conservation in semi-arid or arid areas was a focus of two landscape scale projects (one project is ongoing).  One project dealing with the return of CRP land to crop production found that no-tillage of wheat not only protected soil from erosion, but produced higher wheat yields than conventional tillage in the first years after conversion, if soil fertility management was provided.  The yield difference was especially significant if rainfall was limited.  The other, ongoing, project has so far found that integrating permanent pasture, rotational grazing, and rotational crops to cotton production reduces soil erosion and water and fertilizer use significantly.  Cotton yields, per hectare of cotton in the system, are similar to continuous cotton.  Profitability is higher in the integrated system.

The large systems projects also had sub-projects that investigated various aspects of the systems.  These shorter term, specific findings were diverse.  One sub-project found that compost and vermicompost were inadequate N sources for sweet corn but that crimson clover was adequate. Another found that sorghum-sudan grass was effective in weed suppression but did not allow enough time to establish fall cabbage transplants.  Yet a third investigated the improvement in water quality when rotationally grazing cattle were supplied with non-stream water sources.  The systems projects were highly effective in creating platforms for smaller, short term projects that investigated specific questions.  

However, there are barriers to creating these large projects.  One project brought scientists from several disciplines together to discuss the opportunities and barriers of integrating livestock and crops research.  The main barrier is the separation among disciplines, including competition for limited funding; this barrier is echoed on farms as fences have disappeared and land tenancy requirements preclude animals from cropland.  These barriers are similar to issues mentioned in interviews with the PIs of these large systems projects.

LS91-32.  Producing vegetables in the South using low-input sustainable techniques:  Collection and analysis of a database (Peet, 1994).  North Carolina 

This project assembled an extensive manual for vegetable production.  In the soil quality section, topics include cover crops and living mulches, managing soil physical characteristics, soil biology, soil fertility, organic matter, and conservation tillage.  No topic is treated in-depth, since this guide is intended to be a wide-ranging introduction to vegetable production practices.

LS91-37.  Low-input crop and livestock systems for the Southeastern United States (Fontenot, 1995).  Virginia .

This systems research project compared a conventional crop-livestock system with a system including crop rotations and grass-legume pastures to produce slaughter cattle.  The conventional system used fertilized tall fescue and tall fescue-red clover pastures for grazing, along with corn for silage and alfalfa for hay, rotated every 5 yr.  The alternative system used rotationally grazed fescue-alfalfa pastures and a crop rotation consisting of alfalfa for 2 yr, corn, and wheat-millet.  The conventional system required approximately twice as much N and P as the alternative system.  Cover crop mulches conserved soil moisture effectively.  Corn following a mixture of hairy and bigflower vetch yielded similarly to corn fertilized with 140 kg N ha-1.  The pre-sidedress nitrate test was adequate to guide fertilizer application when cover crops were the main source of N.  An acceptable alternative to mowing or chemical kill of cover crops was spring grazing prior to no-till corn planting, if care was taken that animals did not compact soil by grazing in wet conditions.  Leaving cover crops intact on the surface by chemical desiccation protected soil the most from machine-induced compaction.  The choice of how to manage a cover crop properly was considered a multifaceted question, depending greatly upon the purposes for which cover crops were grown. This project continued until 1998, meaning that one full crop rotation was completed.  Final soil samples were not obtained.  

Rotational grazing was a focus of this study.  One sub-project carried out on a cooperating farm found that cattle preferred to drink from non-stream water sources.  When non-stream water was provided, cattle spent less time in the stream for cooling and loafing, resulting in a 76% decrease in streambank erosion and improvement in other water quality characteristics.  Fencing the riparian area to exclude cattle was not necessary if an alternative water source was provided. 

LS94-58.  Post-CRP land management and sustainable production alternatives for highly erodible lands in the Southern Great Plains (Dao, 1997).  Oklahoma.  

Returning CRP land to crop or forage production is challenging, given the need to maintain soil conservation benefits of CRP while achieving acceptable crop yields.  Field-scale comparisons of management systems for old world bluestem (OWB), conservation and no-till wheat, and conservation till cotton were made to evaluate productivity and soil conservation benefits.  No-till wheat did not result in higher runoff water volumes than undisturbed CRP or grass regrowth after burning.  Disk-tillage increased soil erosion by 3 to 4 times.

For forage or grazing purposes, removing OWB old growth and fertilizing OWB with N and P increased forage yields by 70 to 290% depending upon rainfall.  Prescribed burning was the most cost-effective method of removing old growth , and glyphosate was effective in killing new growth prior to crop establishment.  The authors recommended that suppression of grass sod should be earlier than currently allowed if soil erosion control measures were in place.  Bluestem had to be suppressed in time to store soil water for a subsequent winter wheat crop in the contract expiration year.  If old growth was removed and new growth suppressed, no-till wheat yielded 10 to 35% higher than conventional till wheat following CRP, but if old sod was not removed, wheat yields were highest with conventional till. Wheat yields ranged from 490 to 1002 kg ha-1 at the low rainfall and 600 to 1590 kg ha-1 at the higher rainfall location, depending upon weather.  Dryland cotton was not successful even with supplemental fertility due to unfavorable weather in the year that it was planted.

One goal of CRP was to create C-sinks for atmospheric C; returning CRP to crop production should release as little stored C into the atmosphere as possible.  A 7- or 8-yr old OWB cover increased potentially mineralizable C (PMC).  Shifting from OWB to wheat by either no-till or conventional till increased soil PMC in the short term due to aeration enhancing decomposition of sod and the shifting of resident, non-labile soil C to the labile pool. No-till minimized the movement of carbonate C to the surface, reducing loss by volatilization to CO2. Long-term OWB stands resulted in negative potentially mineralizable N; fertility amendment was required before these lands returned to crop production. 

LS95-70.  Effects of organic and chemical fertility inputs on soil quality in limited resource vegetable farms (Evanylo, 1998).  Virginia, North Carolina.

This project investigated the influence of various soil fertility inputs on soil quality on organic and conventional farms.  Composted yard waste, composted and uncomposted manure, and composted gin trash were used, with cover crops of hairy vetch plus rye, or spring oats.  Commercial fertilizers were used on all farms according to soil test recommendations.  Organic farms had beneficial and total soil fungi populations twice those of conventional fields regardless of soil amendment type. The greatest bacterial populations occurred in historically organic fields with organic amendments.  Regardless of management history, organic soil amendments significantly increased the occurrence of beneficial soil micro-organisms and decreased the occurrence of plant pathogens.  Organic management history resulted in total soil P, CEC, and tomato yields approximately twice as high as conventional management history.  Regardless of management history, soil with organic amendments had higher organic matter, total C, total N and NH4-N, and P, Ca, Mg, K, and Zn than fertilized soils. Fertilized fields had higher NO3-N concentrations than organically amended soils.  After 2 yr, soil bulk density was lower in fields with organic amendments.  Regardless of amendment type, organically farmed soils had almost twice as much plant available water as conventionally farmed soils.  Soil changes occurred within 2 seasons.  Despite improvements in soil quality properties, organic amendments did not result in increased yields on any farm compared to yields obtained with fertilizers.

LS97-82 and LS02-131. Sustainable crop/livestock systems in the Texas High Plains (Allen, 2003).  Texas.


This ongoing landscape-scale systems project compares a drip-irrigated continuous cotton system and an integrated crop-livestock system with old world bluestem pasture plus a rotation of drip-irrigated wheat-fallow-rye-cotton in the Southern High Plains.  The rotational system used 23% less water and 40% less N and reduced erosion by more than 30% compared to continuous cotton while providing superior profitability.  Different bluestem species had different water use efficiencies and yields, meaning that the choice of bluestem could impact the overall system efficiency.  After 5 yr, there were some measurable differences in biological soil quality between the systems. Soil microbial C and N were greatest under the rye cotton rotation, followed by perennial pasture and continuous cotton.  Fatty acid methyl ester profiles showed that soil microbial community profiles differed among perennial pasture, the rotational crops system, and continuous cotton.   

LS98-094, LS00-110, and LS01-120.  A model for long-term, large-scale systems research directed toward agricultural sustainability (Mueller, 2002; Mueller, 2003; Mueller, 2004).  The impact of agricultural systems on soil quality and sustainability (Barbercheck, 2003).  North Carolina.

This project implemented five production systems (no-till conventional, tilled conventional, successional, organic, integrated crop-animal, forestry/woodlot) and began to investigate each system for a wide variety of characteristics including soil quality parameters.  Over time, systems differences began to be expressed. Bulk density was lowest in the organic system and water infiltration greatest in the organic system.  The no-till and pasture systems had greater CO2 evolution than the conventional till system in both spring and fall. The organic system sustained available N supply over the growing season. Preliminary data showed that the organic and grassland systems had higher soil microbial functional diversity than the conventional system. Beneficial nematodes were greatest in the woodland and successional systems, followed by the organic system, then the conventional system. Soil micro-arthropods were more abundant in the organic, successional, and no-till systems than in the conventional, pasture or woodland systems.  Macroarthropods were more abundant in systems with little soil disturbance. 
A sub-project investigated compost and vermicompost production from straw and swine waste. Worms could not degrade straw.  Compost, crimson clover, and compost+clover produced equal sweet corn biomass at 5 weeks after planting, but total yield of compost plots was 22% less than clover, while marketable yield was 20 to 31% less than clover or compost+clover.  Another sub-project investigated sorghum sudangrass as a summer cover and hay crop prior to organic fall cabbage production. No-till mulch of sorghum sudangrass resulted in acceptable broadleaf weed control in cabbage. However, re-growing sorghum sudangrass reduced fall cabbage yield.  Yet a third sub-project investigated the ability of different rye cultivars to scavenge N from the soil during winter.  Late maturity was an advantage in producing allelopathic properties for weed control, but a disadvantage in recovering N. Differences among cultivars tested were minor, and all rye cultivars recovered much more N than fallow plots with volunteer weed populations.  

LS01-123.  Crop/livestock integration:  Restoring a traditional paradigm in contemporary agricultural research, outreach, and practice (Rhoads, 2003).  Texas, Georgia, Florida, with participation from South Dakota.

This event brought many scientists together to share information on using crops and livestock in intimately related systems.  Topics were wide ranging.  Findings from soil quality related projects included:  The return of animal waste to the soil surface during grazing helped to sequester C and N, and increased soil microbial activity.  Red clover-wheat-corn-soybean was the most favorable rotation to replace continuous corn in terms of soil quality characteristics and corn yield.  N leaching after plowdown of alfalfa was high in the first year after plowdown.  Transitions from sod to corn may pose short-term water quality concerns, especially when sod N release occurs out of synchrony with corn N uptake.  Row crops could be successfully be no-tilled into existing sod such as pastures in need of renovation. Lime-stabilized biosolids applied to pastures at agronomic N rates increased soil organic matter and supplied residual N without affecting groundwater.  

A companion event identified barriers to the research and adoption of integrated systems, and proposed new research projects.  Barriers included disciplinary separation, funding difficulties, the disappearance of fences, and land tenancy requirements to grow crops rather than use animals.  Research needs included the assessment of negative interactions in rotations, nutrient cycling in rotations, economic opportunities, and various aspects of multi-animal-species management.

Review of Soil-Water SSARE Projects

1988-2003

Project Summaries
Nutrient Cycling Biology, Cover Crops, and Compost

LS89-15.  Enhancement of the stability of southern region agroecosystems through profitable transition to sustainable agriculture (Jones, 1991).  Texas, Oklahoma, Arkansas.  
This project facilitated several on-farm projects investigating various aspects of sustainable production.  In one project, a system for growing cabbage in raised beds with rye or hairy vetch cover crops was investigated.  Beds were formed and cover crops planted in November; cabbage seedlings were transplanted in April and split applications of N occurred in April and May.  Rye produced nearly four times more biomass than vetch (4754 kg ha-1 vs 1213 kg ha-1), with most biomass accumulating the following spring.  Even though beds were not well protected over winter, beds under cover crops maintained their height significantly better than beds with bare soil, indicating a reduction in erosion or soil compaction.  Nine months after bed formation, bare beds had lost 35% of their original height; vetch beds lost 29%, and rye beds lost 25%. (Roberts and Cartwright, 1991).  The interaction of N fertilizer (45, 90, 134, and 179 kg N ha-1) with cover crops was also investigated.  Bare soil beds produced the highest yields at every N rate.  Bare soil beds also produced higher yields at the 45 kg N rate than rye-covered beds produced at the 179 kg N rate (24.1 Mt ha-1 vs 22.8 Mt ha-1).  This yield difference was attributed to N immobilization by the cover crops, so that the N may not have been lost from the system but held in organic forms.  The authors suggested that over time, organic matter might plateau and an equilibrium between organic N and mineral N would form, meaning that reduced N inputs might not result in reduced yield (Roberts and Cartwright, 1991).  However, soil data to verify this suggestion was not available.

LS90-20.  Effective nitrogen for low-input forage and grain production in a thermicudic region (Stuedemann, J., personal communication, 2005).  Georgia.
This project sought to integrate legumes into forage and grain production to supply adequate N.  Crimson clover that had naturally reseeded was killed by herbicide in the following spring. Killing the clover early conserved soil water by reducing transpiration demand.  Forage sorghum was planted into the killed clover and harvested twice during summer. Nitrogen in the clover increased until anthesis, then declined slightly prior to killing with herbicide.  Total N accumulated in clover was 323 kg N ha-1.  Sorghum took up 454 kg N ha-1 during the season from soil, from aerial NH3, and wet and dry deposition.  Therefore, the clover provided 71% of the total N required by the sorghum (Harper et al., 1995).  

LS91-35.  Improved nitrogen-use efficiency in cover crop based production system. (Wagger, 1994).  North Carolina.  (Cross reference:  Pollution)
This project investigated the ability of cover crops to supply N to a following corn crop.   Rannells and Wagger (1996) investigated the decomposition of rye, crimson clover, hairy vetch, and bicultures of rye with either legume.  Crimson clover supplied 51% of the N-demand for the following corn crop (Wagger, 1994).  Although hairy vetch could supply adequate N to a following corn crop, N release from decomposing vetch occurred before the greatest N demand by corn.  Growing rye in combination with hairy vetch helped to retain N in the system.  The researchers also investigated Austrian winter pea, crimson clover, hairy vetch, and common vetch grown in monoculture and in biculture with rye, wheat, or oats, all previous to corn (Ranells and Wagger, 1997a).  For all bicultures, C:N ratio was <30, indicating that net N mineralization from decomposing residues would probably occur.  Inorganic N in the soil profile (0 – 90 cm) was lower in legume-grass bicultures than legume monocultures, suggesting that the grasses used N produced by the legumes.  Rye was the most consistently effective grass in lowering soil N content.  This result was confirmed by a 15N fertilizer recovery study (Ranells and Wagger, 1997b), and by a study looking at rye and rye-legume mixtures following no-till corn (Ranells and Wagger, 1997c).  In only one year (of 3) did cover crop influence corn yield.  Yield was higher following legume monoculture cover crops than biculture cover crops, suggesting that legume-grass bicultures can generally supply adequate N to a subsequent crop while limiting leachable soil N.  Results from the 15N study and from modelling of cover crop decomposition indicated that N-availability estimates based on decomposition studies may overestimate available N (Ranells and Wagger, 1997b) because other environmental factors intrude.  Corn limited by moisture recovered a maximum of 7% of cover crop residue N from legume cover crops, while corn not limited by moisture recovered between 21 and 35% of N from legume cover crops.  The most benefit was obtained from cover crops when legume-grass bicultures were used and the following crop was not stressed by other limiting factors.

LS91-40 and LS94-40.1.  Utilization of winter legume cover crops for pest and fertility management in cotton (Rothrock, 1995).  Arkansas.
This project investigated the interactions of cover crop and tillage treatments for cotton production.   Hairy vetch and winter fallow were the main cover treatments tested, while tillage treatments included minimum-till and conventional till.  The main focus of this study was the influence of soil conserving cover crops on the pest status of the cotton crop (not described in this review).  Soil fertility status was also an important question.  Cotton lint yield was slightly greater with conventional tillage when irrigation was provided (2015 vs 1886 kg lint ha-1).   Averaged over tillage systems, yield was greater when irrigated cotton followed clover, vetch, or native vegetation rather than wheat or rye (approximately 2016 vs 1842 kg lint ha-1). Under conventional tillage, vetch cover produced the highest yields (McConnell et al., 1994); wheat and vetch mixed produced even higher yields (McConnell and Kirst, 1999).  Under reduced tillage, there were no differences in cotton yield following clover, vetch, or native vegetation.  Fertilizer for cotton was not reduced according to legume N input; the lack of cotton response to the legumes indicated that the N added by legumes was not effective, possibly due to lack of stimulation of N-mineralization in no-till situations.  The reduction in yield following grass cover crops was due to N immobilization; trends in petiole NO​3-N and soil NO3-N supported this conclusion (McConnell et al., 1994). Soil NO3-N accumulation under legume cover cropped soils indicated that excess N was present, between legume and fertilizer contributions (McConnell et al., 1994).  Giving appropriate legume N credits is important to limit over-fertilization, while using a grass in the mixture can mitigate the effects of excess N.

LS91-43.  Cover crops for clean water:  a national conference on the role of cover crops in improving water quality (Hargrove, 1991a).  Multistate.  (Cross reference:  Pollution)

This publication provides comprehensive information on the roles and management of cover crops and crop residues.  Main topics include wind and water erosion, surface water and groundwater impacts, nitrogen cycling, soil productivity, weed and disease management, pest control, integrated production systems, and integrated crop-livestock systems.  Although this publication was intended primarily for researchers, producers could benefit from the specific information included on various cover crop species and different environmental conditions.

LS92-45.  Organic nitrogen sources for sweet potatoes: Production potential and economic feasibility.  (Collins, 1995).  North Carolina.

This project investigated crimson clover as an N source for sweet potatoes and for rotational sweet potatoes and sweet corn in loamy sands.  Five N treatments were used:  fertilizer at 0, 100, and 200 kg N ha-1, crimson clover, and crimson clover plus 50 kg N ha-1.  Crimson clover averaged 4.4 Mg ha-1 biomass and added approximately 87 kg N ha-1.  Crimson clover and fertilizer at 100 kg N ha-1 treatments resulted in nearly identical sweet potato yields.  Crimson clover plus 50 kg N fertilizer resulted in yields not different from 0 N, probably due to an interaction between inorganic N and decomposing clover.  Fertilizer at 200 kg N did not give statistically higher yields than 100 kg N or crimson clover.  Nitrogen use efficiency decreased as N-rate increased to 200 kg N ha-1.  In a site with high residual fertility from previous crops, N-treatment did not produce a yield difference, except that total marketable sweet potato yield from the 0 N plots was higher than for clover plots.  However, when sweet potatoes followed corn, there was a trend for higher N to produce higher yield in the larger root grades.  Sweet corn following sweet potatoes following crimson clover was reduced in yield compared to corn following fertilized sweet potatoes.  However, fertilization of corn in this situation did not increase yields.  The authors recommend not applying high fertilizer rates if the previous crop received high N or if legumes provide N prior to sweet potatoes. Excess N can reduce potato yields, N-use efficiency, and profit. Crimson clover provided adequate N for both corn and sweet potatoes, but corn yield may suffer no matter what the N source when following sweet potatoes.  Giving proper N credit when determining fertilizer requirements following legumes is essential for highest sweet potato yields, N-efficiency, and to limit potential N-leaching.

LS92-49.  Organic soil amendments of agricultural by-products for vegetable production systems in the Mississippi Delta region (Teague, 1995).  Mississippi.  (Cross reference:  Manure).
Several on-farm demonstrations and trials of various agricultural by-products were evaluated for use as soil amendments for horticultural crops.  Delta soils are often damaged by leveling for precision irrigation, or are sandy and have inherently low organic matter.  Raw and composted cotton gin trash and other wastes were evaluated as soil amendments for vegetable crops.  Raw gin trash resulted in too many weed problems for practical use.  “Composting” by allowing cattle to feed on piled gin trash over winter and allowing the material to sit undisturbed over summer reduced the weed problems, but no yield response occurred at rates below 9.6 Mg ha-1 on undamaged soil. Composted gin trash applied at a very high rate (60 Mg ha-1) to damaged soil improved cabbage yields beyond fertilizer alone (Teague and Lee, 1995). Composted gin trash mixed with perlite (2:1 combination) produced tomato transplants of equivalent height and color to standard media, but the root systems were not as developed.  Once transplants were in the field, there was no difference in yield or quality of harvest (Teague, 1995). More controlled, covered composting of aquaculture waste (dead fish, fish parts, spoiled feed) with straw was another option tested; aquaculture compost application of 4.5 Mg ha-1 increased collard yields but decreased southern pea yields (Teague, 1995). Raw rice hulls applied from 2 to 44 Mg ha-1 resulted in decreased crop yields, probably due to N-immobilization, even if used with crimson clover as a co-amendment (Teague and Lee, 1995).  If N-fertilizer was used as a co-amendment, up to 9 Mg ha-1 hulls could be used without lowering cabbage yield (Teague, 1995).  Agricultural wastes clearly can be used as soil fertility amendments, especially when partially processed or composted to reduce weed problems or to lower C:N ratios.

AS93-07.  Evaluation of recycled paper mulch as an alternative to black plastic mulch in vegetable horticulture (Schonbeck, 1995; Schonbeck and Evanylo, 1998).  Virginia.  

This project tested black plastic, recycled paper mulch, recycled oiled paper mulch, hay, composted leaves, oiled paper plus hay, and unmulched soil on 5 farms for 2 seasons.  Tomatoes were the model crop.  Recycled paper provided little organic matter and plastic mulch of course provided none.  Hay mulch (100 mm deep) and leaf compost mulch (50 mm deep) provided enough organic N and C to replenish organic matter lost to decomposition during the growing season.  Much of the N applied was not available in the first growing season because of the high C:N ratio of these materials. Soil NO3-N content was higher under plastic and paper mulch than under organic mulches at one experimental site but not others.  Mulch treatments did not affect soil bulk density, water infiltration, or wet aggregate stability over one growing season, but earthworm populations were twice as high under hay mulch than black plastic, and intermediate under paper.  Soil temperature and moisture were also measured.  Black plastic increased afternoon soil temperature at 9 cm by 1-2 oC compared to bare ground, while oiled paper increased afternoon soil temperature by 3-4oC.  Other mulches lowered afternoon soil temperatures by 2-3oC compared to bare ground. Soil temperatures closest to the optimum for tomato growth were produced by laying oiled paper just prior to planting, and covering the paper with 10 cm hay about 7 weeks after planting.  At fruit set, soil moisture levels were higher under all mulches than for bare soil.  However, black plastic and oiled paper hindered water absorption from rainfall or overhead irrigation; by harvest, moisture levels in unmulched soils were higher than moisture under plastic and comparable to paper.  Furthermore, oiled paper decomposed by late summer, leaving the soil open to evaporative losses.  Hay, plastic, and paper mulches increased total tomato yields compared to unmulched soil.  Yields under hay were lower earlier in the season than under plastic, but were higher later in the season, making the total yield higher under hay.  Mulches affected early season yields by temperature effects but affected later season yields through moisture effects (Schonbeck and Evanylo, 1998).  Timing of yield may be favored by using oiled paper to warm soil earlier in the season, followed by covering the paper with hay to conserve moisture.  

LS93-52.  Dairy manure in low-input, conservation tillage animal feed production systems (Mullen, 1997).  Tennessee.  (Cross reference:  Manure and Pollution).
Dairy manure was applied to no-tilled corn silage plots at 0, 126, 252, 380, and 504 kg N ha-1, compared to ammonium nitrate applied at 0 and 218 kg N ha-1.  Applications were split in spring and fall, with the majority of N applied in spring.  No-till silage corn was planted in spring, harvested, and annual ryegrass/crimson clover mix was planted for fall forage.  Higher plate counts for total bacteria, fluorescent pseudomonads, cellulose degraders, and fungi were found in the 0 to 5 cm depth than in 5 – 10 or 10 – 20 cm.  Soil enzyme activity (acid and alkaline phosphatase, arylulfatase, L-aspariginase, and ß-glucosidase) was also highest in the 0-5 cm depth.  Enzyme activity corresponded to higher values for organic C and N due to the layering effect of applying manure to no-till soils.  Enzyme activities were higher in soils receiving manure than ammonium  nitrate, probably due to lower pH in soils receiving ammonium nitrate (Mayfield, 1996).  The pre-sidedress nitrate test (PSNT) was not highly correlated between nitrate level and silage yield in this study.  After 3 yr of manure applications, manured soils and fertilized soils had nearly equal yields but the manured soils had much lower PSNT levels (Brinker, 1996).  PSNT may not be predictive of potentially mineralizable N over the season. 

LS93-53.  Sustainable whole farm grain/silage production systems for the Southeast (Reeves, 1998).  Alabama.
This project sought to develop alternative grain and silage crops, especially lupin and tropical corn, for use in crop-animal systems.  Lupin is a winter annual legume adapted to well-drained, low fertility, acid, coarse textured soils such as those in the Southern Coastal Plain.  Tropical corn is usually more drought tolerant and has lower N requirements than temperate hybrids.  Cropping systems tested were wheat-soybean, wheat-tropical corn, wheat-pearl millet, lupin-to lower soybean, lupin-tropical corn, and lupin-pearl millet. Wheat always received 100 kg N ha-1, and all summer crops except soybeans received 0, 67, 134, or 202 kg N ha-1.  Wheat yields tended to be highest following soybean, but could be matched following millet or corn fertilized with 134 to 202 kg N ha‑1.  Tropical corn silage yields ranged from 11 to 60 Mg ha-1 depending upon the previous crop and N, presumably being higher when more N was available.  Lupin required a 3-yr rotation period which this study was not designed to provide, but even failed lupin grain crops provided N for tropical corn and millet.  When used as a green manure crop instead of a grain crop, lupin provided sufficient N for 46 Mg ha-1 silage corn yield (Reeves, 1998).  Corn yield was greater following lupin than following clover, winter fallow, or rye (Reeves et al., 1990).  Soybean yield fell 11 to 23% following lupin; likewise, lupin biomass yield was reduced when it followed soybean (van Santen and Reeves, 2003).  Lupin was insensitive to acid soil pH but responded to P fertilization. No-till lupin with in-row subsoiling yielded more than conventional-tilled lupin (Reeves, 1998).  The authors concluded that lupin was a useful green manure crop for following grass crops, but more breed development work was needed for lupin to become a useful grain or silage crop.

LS93-55.  Cover crop integration into conservation production systems (Dabney, 1994).  Mississippi, Alabama, Tennessee, Arkansas.

The goal of this project was to test several legume and legume-grass cover crops, identifying those that had the best combination of winter hardiness, early maturity, and hard-seeded characteristics, all leading to re-seeding.  Legumes tested included several experimental and/or commercial cultivars of southern spotted bur clover, balansa clover, annual medics, subterranean clover, and hairy vetch.  Survival, growth, and reseeding depended upon species, planting date, climate, pests, and soil factors.  Early flowering was negatively correlated with winter hardiness, with hairy vetch being the most winter-hardy legume tested. Balansa clover was promising for warmer zones.  Annual medics were susceptible to clover leaf weevil, while other cover crops were less so.  Acid soils or low P soils discouraged biomass production of all legumes.  Biomass production varied considerably, from 5000 to 10,000 kg ha-1.  Reseeding was much more successful when cover crops were killed more than 36 days after full bloom.  Mowing effectively killed rye/vetch after rye pollen shed in late April.  Residues desiccated rapidly.  When tined-wheel row cleaners were used after mowing, the interval between killing and no-till cotton planting could be as short as 1 to 6 days.  Cover crop mulches stabilized soil temperatures and increased early cotton growth rates.  Rye provided the best weed suppression, while hairy vetch encouraged growth of grass weeds, possibly due to increased available N.  Supplemental weed control was still necessary in all cover crop systems, but cover crops could increase cotton yield enough to pay for planting the cover crop, in addition to benefits in soil quality.  

LS95-69.  Managing soil phosphorus accumulation from poultry litter application through vegetable/legume rotations (Earhart, 1998).  Texas, Oklahoma.  (Cross reference:  Manure and Pollution).
This project investigated the use of poultry litter for soil fertility, while using cover crops to limit NO3- leaching or pollution due to runoff in temperate, high rainfall climates (Haby et al., 1995).  Cowpeas were grown in spring, followed by summer and fall vegetables.  In separate plots, spring and summer vegetables were followed by crimson clover or hairy vetch.  Cowpea lowered soil N levels but did not decrease P levels (Alsup and Kahn, 1998).  Over 4 seasons, the lowest residual P in the 0-15 cm soil depth occurred under a summer vegetable-fall cover crop rotation (57 ppm P), followed by spring vegetable-fall fallow (76 ppm P) and spring cover crop fall vegetable (96 ppm P) (Earhart, 1998).  Dry matter yield of cover crops was not affected by poultry litter application (Earhart et al., 1998c).  Crimson clover-ryegrass had the highest biomass and total P removal (3.4 Mg ha-1 and 14 kg ha-1 respectively), followed by hairy vetch (2.3 Mg ha-1, 11.4 kg ha-1), crimson clover alone (1.5 Mg ha-1, 8.7 kg ha-1), and red clover (0.9 Mg ha-1, 4.7 kg ha-1) (Earhart, 1998).   High biomass fall cover crops had the greatest potential to remove P from the system (Earhart et al., 1998c).

LS95-71.  Developing municipal/farm linkages for on-farm composting and utilization of yard wastes:  A regional resource issue (Evanylo, 1997).  

Yard waste is a significant source of carbon and nutrients in local municipalities.  A cooperative project between the city of Charlottesville, VA, and several local farms led to the composting of 2600 cubic yards of yard waste.  Results were favorable enough that one farm received a 5-yr contract to receive more than 900 Mg of leaves annually (Christian et al., 2000).  The farms co-composted between 180 and 250 cubic yards of bulk leaves with chicken or turkey litter from nearby poultry operations.  Approximately 6 parts leaves to 1 part litter were blended based on average C and N analysis, although litter characteristics were highly variable (Christian et al., 2000).  Windrows were constructed and turned either by tractor and front-end loader, or by a tractor-pulled windrow turner.  Use of the windrow turner resulted in a more desirable product, more quickly, than other methods of turning.  Having a large enough flat area to construct compost windrows and allow space for turning was essential. Excess rainfall sometimes prevented adequate turning for optimum composting (Christian et al., 2000). Field and greenhouse studies evaluated compost and commercial fertilizer on soil and greenhouse media.  Sweet corn yield was higher with commercial fertilizer, probably due to higher plant available N, although soil in plots receiving compost had significantly higher total N and Ca, Mg, Mn, and B.  Organic matter, total C, and CEC tended to be higher in plots receiving compost, but not significantly so (Christian et al., 1997).  Greenhouse studies showed that bedding plants phlox and monardia could be grown in whole or in part with the composted yardwaste as a substitute for PromixTM, and supplemental N fertilizer could improve yield and plant quality (Evanylo, 1997).  A handbook for creating cooperative programs was created that detailed the composting process and outlined steps to create cooperative relationships (Christian et al., 1997).

LS95-72  Agronomic and economic benefits of intercropping bean with banana (Li, 1998).  Puerto Rico.  (Cross reference:  Soil and Water Conservation)

Banana is an important cash crop in Puerto Rico, but it has a long growing period (14 to 18 months).  Cash intercrops could raise farm incomes and contribute to soil fertility. On a field with a 30% slope, bananas were no-till planted in November, January, March, and May.  Green-shelled beans were no-till interplanted either once at banana planting, or at banana planting plus a second planting immediately after the first bean harvest. Bean intercropping did not affect banana yield.  Beans did not contribute significantly to soil total N or as NO3-N or NH4-N in the top 20 cm at any time during the bean growing season.  From 20 to 30 cm, beans did result in a higher soil NO3-N level than monocropped bananas.  Bean intercropping had no effect on soil pH, CEC, conductivity, or other soil nutrients at any soil depth, except an increase of K at the 10-20 cm depth. Although the results for bean contribution to soil quality and banana yield were disappointing, the combination of a November banana planting plus two intercroppings of bean increased farm income by more than $3000 ha-1 (Li, 1998).

LS96-75  Crop management systems for improving production of culinary herbs in the Virgin Islands (Palada, 2000).  Virgin Islands. 

Fresh herbs are a high value crop, especially in the Virgin Islands where tourism and gourmet food are important. Combinations of organic and plastic mulches and organic fertilizers were used to increase yields of sweet basil, chive, cilantro, parsley, and thyme on small farms.   Sunnhemp, cowpea, and hyacinth bean were tested as green manures for the herbs.  Green manures were mowed in October, incorporated, and herbs were planted 2 months later.  Sunnhemp produced biomass 50 to 75% more than hyacinth and cowpea.  Sunnhemp and hyacinth bean tended to result in higher herb yields than cowpea, very likely due to a greater N yield.  Sunnhemp produced up to 457 kg N ha-1, while hyacinth produced 277 and cowpea produced 125 kg N ha-1 (Palada et al., 1999).  Different herbs had slightly different responses to each green manure; for example, fresh yield for chive was highest after hyacinth bean while basil had highest yields following cowpea.  Since these slight differences were not significant, it was concluded that all the green manures were acceptable for herb production.  Cow manure with 2% N was applied at 0, 22.4, 44.8, 89.6 Mg ha-1, and poultry litter was applied at 0, 50, 100, 150 kg N ha-1.  No significant yield response was seen for any herb; this was attributed to the high residual level of fertility in the experiment station soils.  Herbs did tend to increase in yield when manure was applied at a rate of 100 kg N ha-1 (cilantro, thyme) to 150 kg N ha-1 (marjoram).  Chicken manure in a farmers field produced a significant yield increase for thyme at a rate of 900 kg dried manure ha-1 (Palada, 2000).  Black fabric, silver-coated plastic, white-on-black plastic, hay, wood chips, and shredded paper were tested.  Hay was an acceptable mulch for parsley and chives (Crossman and Palada, 1998; Palada et al., 2000), and less reliable but still acceptable in basil (Crossman et al., 2000) compared to other organic mulches, black plastic, or bare soil.  White and silver plastic mulches produced acceptable herb yields but had problems such as expense and disposal problems, and ineffectiveness against weeds.

Fresh vegetables were also of concern.  Microirrigation techniques were also tested on tomato, cucumber, and bell pepper (Palada and Crossman, 2000). Cucumber cultivars responded differently to different kinds of mulch and levels of irrigation, with ‘Dasher II’ being much more flexible because either black plastic or hay mulch produced acceptable yields at both low and high irrigation regimes.  ‘Dasher’ produced 52.7 tons ha-1 compared to the alternative cultivar ‘Calypso’ which produced only 15.9 tons ha-1 under plastic and 11.9 tons ha-1 under hay mulch.  Unfortunately local preference was for ‘Calypso’ rather than ‘Dasher’.  In bell pepper, either organic or black plastic mulch increased irrigation efficiency (by 35%) and slightly increased marketable yield but not total yield.  In tomato, black plastic and straw mulch both resulted in similar water use efficiency as bare soil (20.9 liters kg-1).  The use of hay mulch increased fruit size but not total yield or number of fruits compared to bare soil or plastic mulch.  Because mulch tended to give higher fruit weight, total water use was greater under mulch than with bare soil.  Each grower would have to decide if larger fruits were saleable enough to justify the increase in water use.  In seasons with more rainfall, the benefits of mulch and irrigation were less pronounced for all crops (Palada and Crossman, 2000).

LS96-77.  Sustainable cropping system for seedless watermelon and fall lettuce in rotation with green manures (Reddy, 1999).  North Carolina, Virginia.
The goal of this project was to develop sustainable crop rotations for seedless watermelon and fall lettuce, both high value crops.  Winter cover crop treatments were austrian winter pea, hairy vetch, both legumes planted with rye, and a non-cover cropped control.  Crimson clover eventually replaced austrian winter pea at several trial locations.  All cover crops had similar biomass (ranging from 7.2 to 10.8 Mg ha-1) with no significant differences among farm sites.   Cover crops were flail-mowed and left on the surface as mulch.  Watermelons were transplanted into the mulch.  Yield of seedless watermelons differed among sites.  There was a site-cover crop interaction owing to different degrees of influence of cover crops at each site, but the direction of influence was the same for each cover crop at every site (e.g., at one site hairy vetch caused a smaller increase than at another site, but still an increase compared to other cover crops).  One strong interaction occurred when at one site, hairy vetch plus rye resulted in a significantly lower watermelon yield than any other cover crop ay any other site.  Averaged across all sites, hairy vetch + rye gave the lowest watermelon yields (24.7 Mg ha-1), followed by austrian winter pea alone (32 Mg ha-1).  Hairy vetch alone and austrian winter pea + rye produced watermelon yields slightly higher than yields from the recommended fertilizer rate (45.4, 47.7, and 42 Mg ha-1 respectively).  Watermelon quality characteristics such as meat:rind ratio, sugar content, and size were not influenced by cover crops.  Lettuce could not be planted after watermelon due to late watermelon harvests; cover crops were reestablished instead.  

Nitrate leaching potential was measured in a novel way by using tensiometers filled with a nitrate ionic strength adjuster (1M (NH4)2SO4) (Li and Reddy, 1999).  Nitrogen release from the decomposing mulch provided adequate N for the growing watermelons, but not in synchrony with watermelon requirements.  Mulch released N well ahead of peak watermelon use, which then leached below the depth of most watermelon roots.  This N continued to leach out of the system.  Cover crop decomposition also continued to release N after watermelons no longer used N heavily, resulting in even more leaching loss.  At the end of the season, up to 18 mg L-1 NO3-N was found at the 100 cm depth (Li and Reddy, 1999).  It was uncertain if different cover crops had different effects on NO3-N in the soil profile, but other SSARE projects have shown that grass-legume mixtures are effective in reducing soil NO3-N. 

LS99-099.  Economic and environmental effects of compost use for sustainable vegetable production.  (Evanylo, 2002).  Virginia.
This project sought to quantify some of the longer term benefits that compost provides to soil quality and crop production.  Three soil productivity classes (high to low-yielding) were used.  Eight fertility treatments were tested:  unamended control, annual low compost rate (20% annual N need met with compost), annual low compost rate plus supplemental fertilizer, annual 100% N compost rate (100% annual N need met with compost), biennial 100% N compost rate (100% annual N need met with compost, but applied every other yr), biennial 100% N compost rate plus supplemental fertilizer, annual 100% N poultry litter rate (100% annual N need met with poultry litter), and annual fertilizer (100% annual N need supplied). Plant available N in compost and poultry litter was estimated as NO3-N + NH4-N plus the estimated first-year mineralized N, using mineralization coefficients of 0.1 for compost and 0.6 for poultry litter.  Winter rye cover crops were used for all treatments at all locations.  Cash crops were pumpkin, sweet corn, and bell pepper.  Soil was analyzed for soil minerals, CEC, organic C and N, infiltration, bulk density, porosity, and soil moisture.  Active and total bacterial biomass, active and total fungal biomass, protozoa, and nematodes were analyzed after the second season.  Zero-tension lysimeters at 90 cm were used to investigate N- and P-leaching.

Composts were highly variable in their composition and plant available N.  Total N in composts ranged from 1.46 to 2.45%, with immediately plant available N ranging from 0.7 to 8.4% of the total.  Total N in poultry litter ranged from 4.6 to 4.8% and plant available N ranged from 17 to 27%.  Carbon:nitrogen ratios were 10.2 for poultry litter, 19.5 for yard waste and poultry litter compost, and 13.0 for vegetable waste compost.

Treatments did not affect soil microbiological properties or water infiltration, possibly due to insensitive measurement techniques.  The annual 100% N compost rate lowered soil bulk density and increased porosity (Sherony et al., 2002).  After 2 yr, water-holding capacity was improved by the 100% N compost rate, the biennial 100% N compost rate, and the biennial 100%N compost rate with supplemental fertilizer (Evanylo, 2002).  Rainfall simulation experiments showed that runoff was lowest in the annual 100% N compost treatment, with a corresponding decrease in total suspended solids, N, and P in the runoff.  Lower runoff was attributed to improvement in soil physical properties (Evanylo, 2002). Leaching of NO3-N was similar for annual 100% N rate compost, poultry litter, fertilizer, and the control, indicating that accurate estimation of plant-available N was more important than the source of N when planning fertility application rates (Evanylo et al., 2002).  Because the pre-sidedress nitrate test indicated that mineralization of NO3-N from compost was not as rapid as expected, estimating plant available N was not straightforward (Evanylo, 2002).

Soil organic C, total N, and available P were highest in the plots that received annual 100% N compost applications (Evanylo et al., 2002). This amount of compost also increased plant available N, total soil P and Mg concentrations, and cation exchange capacity compared to the control, low compost rate, and biennial 100% N compost treatments.  The low compost rate did not affect plant nutrients compared to the control treatment (Evanylo, 2002).  Plant available N was key to producing the highest sweet corn yields.  Yield responses during the first two growing seasons demonstrated that there was little benefit to low annual compost rates in the short term.  Furthermore, a one-time large compost application produced few residual benefits (Sherony et al., 2002).  This research showed that compost can be effective in providing soil fertility and improving soil quality characteristics, but that large amounts are necessary to do so. 

LS99-102.  Demonstration of a sustainable integrated production system for native pecan and beef cattle producers and its effect on ecology in flood prone areas (McCraw, 2003).  Oklahoma.

This project developed an integrated pecan-beef system using annual and perennial legumes as the main N source for the trees.  Pecan orchards were grazed or ungrazed, seeded to crimson, white, and red clover or left to native vegetation, in areas prone to natural flooding or not.  Cool-season legumes were chosen because their water demand occurs at a different time than pecans’ main water demand; summer legumes can compete with pecans for moisture.  Leaf and soil samples were collected yearly.  Fertilizers were applied to natural-vegetation plots, but legume plots received no supplemental fertilizer except zinc foliar spray.  Grazing occurred from mid-April to mid-July.  Grazing reduced tree leaf N content in both flooded and unflooded plots, but reduced leaf N content more in legume plots.  However, legumes did maintain acceptable leaf N without supplemental fertilization even under grazing.  Pecan yields ranged from about 227 to 318 kg ha-1. (McCraw, 2003).  Pecan yields were higher in legume plots whether grazed or ungrazed, meaning that legumes could readily supply the 110 to 170 kg N ha-1 required for pecans (McCraw et al., 1999). The authors suggest that if supplemental N fertility is needed, it should be applied in early June, when cool season legumes become inactive, but not after mid-June, when N could stimulate extra late season pecan growth and make the trees more susceptible to cold (McCraw et al., 1999). An e-learning course at http://pecan.okstate.edu was created to help producers learn to manage complex agroforestry-grazing systems; the section on native pecan management includes information from this study.

LS99-106.  Integrated crop and sylvan systems with swine:  A state and national initiative (Talbott, 2002).  North Carolina.
Integrating swine into agroforestry systems may improve small scale swine production and improve soils for crop production by building organic matter. Gestating sows were assigned to wooded plots or dirt lots from April to September.  From October to March, animals were rotated to lots with or without leaf mulch, which had been in corn harvested before the animals arrived each year.  Plots without swine received supplemental fertilizer.  In corn/swine plots, soil samples were collected in 2000 and 2001 at planting and at harvest, at 0-15 cm, 15-30 cm and 30-60 cm. Samples were analyzed for soil NO3-N, inorganic N, PO4, total P, organic matter, total C, total N, C:N, and CEC. Plots with swine had significant increases in NO3-N and inorganic N and PO4 concentrations before planting, but these concentrations decreased after plant uptake (Talbott et al., 2004).  Soil organic matter (%) increased when both leaf mulch and pigs were present.  Leaf mulch lowered bulk density and particle density and increased macroporosity.  Mulch increased water holding capacity at permanent wilting point when pigs were present.  Possibly, nitrogen available from pig waste hastened leaf decomposition into active organic matter which increased water holding capacity (Talbott, 2002).  Plots with pigs had higher numbers of soil protozoa than plots without pigs (Matlapudi et al., 2003).

GS00-003.  Resilience of nitrogen availability and retention in soils of Kentucky certified organic farms (Bhavsar, 2003).  Kentucky.

This project investigated organically managed cropped and undisturbed soils on two private farms and on one research farm which included organic treatments.  The cropped soils on private farms had less organic matter and soil biological activity than the undisturbed soils.  Undisturbed soils retained N in non-mineral forms to a greater extent than cropped soils and had higher levels of potentially mineralizable N.  Winter N loss from cropped soils with legume cover crops was as high as N loss from cropped soils fertilized with a total of 120 kg N ha-1.  Interviews were conducted with Kentucky organic farmers, revealing that they preferred to concentrate on maintaining high soil organic matter, which often included preventing soil loss, rather than investigating subtleties of soil biology and chemistry. 
The soils’ responses to environmental perturbations were related to their inherent characteristics.  The soil with the most clay and the lowest organic matter was most affected by perturbation and was the slowest to recover biological functioning after perturbation.  In a companion study using soils from the Rodale Farming Systems Trial in Kutztown, PA, Rodale soils were better able to withstand perturbations than Kentucky soils, possibly due to higher organic matter content.  Different perturbations caused differences in N-mineralization following perturbation in Rodale soils, with flooded soils mineralizing most N after water was removed, followed by soils with no perturbation, soils that were re-wet after an imposed drought, and finally by soils which had had a large amount of inorganic N added.  However, there was very little difference among soils that had different management systems.  This implies that soils of similar type in an area are adapted to the stresses of the environment in approximately equal degree, provided that management is not so different as to impact soil forming factors.
GS00-006. Evaluation of cover crops and conservation tillage for conventional and organic sweetpotato (Ipomoea batatas) production in North Carolina (Treadwell, 2004).  North Carolina.
This study explored management options for growers considering organic sweet potato production.  Three systems were investigated:  organic with no cover crop and cultivation for weed control, organic with rye-hairy vetch cover crop incorporated in spring, and organic with rye-hairy vetch cover crop and reduced tillage which required pre-formation of hills.  All treatments received 90 kg N ha-1 as compost.  Conventional methods were used as a control.  Cover crop N contribution was considered 50% of total N in the first year for incorporated cover crops, and 40% of total N in the first year from cover crops left on the surface in the reduced tillage treatment. For all systems, N, P, and K were sufficient for sweet potato, indicating that organic management could provide adequate available nutrients.  Yield of all sweet potato grades in the organically managed systems without cover crops and with incorporated cover crops was equal to the conventional system each year. The reduced tillage treatment produced equal yields as other treatments in 2 of 4 years, reflecting lower foliar growth due to increased weed pressure in this treatment.

LS00-115.  Establishing sustainable production and information exchange systems for limited resource farmers in Louisiana (Smiley, 2002).  Louisiana.

This project investigated and demonstrated methods for vegetable production for small scale farmers, including on-farm and on-station activities.  Crimson clover plus annual ryegrass was used as a winter cover crop previous to spring watermelon and jalapeno peppers.  All plots received 36 kg ha-1 N (as 8-24-24) in the fall.  The cover crop was either incorporated by flail mowing and rototilling, or used as no-till mulch by being killed by herbicide and rolled prior to planting.  Cover crop plots were further split into 0, 18, or 36 kg ha-1 N (33-0-0) applied in spring, along with supplemental K to all plots.  Annual ryegrass outgrew crimson clover early in their season, resulting in cover crop stands with a majority of ryegrass.  Cover crop biomass ranged from 2.9 to 13.7 Mg ha-1.  Watermelon vine length was not affected by fertilization, but vines were longer when cover crops were incorporated rather than no-tilled (136 cm vs 123 cm) and longest when plastic mulch was used (205 cm).  Reliable yield data could not be collected due to weather problems in both years of the study.  No-tilled cover crops were acceptable sources of fertility for watermelon in the Louisiana environment.  Data from peppers was not available.

In a second study, southernpea with and without supplemental organic fertility sources (rabbit manure at 11.2 Mg ha-1; chicken manure-based 3-3-3 organic fertilizer at 2.8 Mg ha-1) was tested as a summer cover crop previous to broccoli and lettuce production.  Commercial fertilizer on fallow plots was used for a control.  Southernpea was either incorporated at full bloom or harvested and mowed 2 to 3 times (depending upon the year) before incorporation and planting of broccoli or lettuce transplants.  Broccoli and lettuce yields were very different between years, owing to weather; slightly higher yields occurred in both years when southernpea was incorporated at full bloom, but southernpea could be harvested twice without lowering fall crop yields severely.  Broccoli yields were higher with commercial fertilizer than the organic fertilizer (7.6 vs 4.5 Mg ha-1) in 2001 but not 2002.  Broccoli also had higher tissue N content with commercial fertilizer.  Lettuce yielded very similarly for commercial and organic fertilizer in 2001 (17.9 vs 17.6 Mg ha-1).  In 2002, lettuce yielded more with organic fertilizer than commercial (4.2 vs 3.1 Mg ha-1); the difference between years was weather-related.   The combination of southernpea with organic fertilizers was effective in producing high value fall crops (Smiley, 2002).

LS01-125.  Sustainable vegetable production in rural Mississippi (Chukwuma, 2003).  Mississippi.

This project sought to develop strategies to use alternative cropping systems for vegetable production.  Peppers, tomatoes, collard greens, and sweet potatoes were used as model crops, and sweet basil, dill, and sage intercropping in organic and reduced-input systems contributed to profitability in these systems.  The conventional monoculture system relied upon 120 kg ha-1 each of ammonium nitrate, triple superphosphate, and muriate of potash, applied according to soil test results.  The reduced input system used 80 kg ha-1 of the fertilizers and also included cover cropping and compost.  The organic farming system substituted organic fertility inputs (organic N, rock phosphate, and sul-po-mag at 980 kg ha-1, 850 kg ha-1, and 350 kg ha-1 respectively), as well as cover cropping and composting.  The conventional system had higher yields of the main crops (Chukwuma et al., 2003), but the reduced input and organic systems had higher overall production per area due to the herb intercrops.  The herb intercrops also increased profitability.  Organic cropping increased fruit and leaf K, Ca, Fe, and Zn compared to the other systems.  Soil nitrate and phosphate were highest in the conventional system.  Cropping system did not affect CEC, organic matter, or soil pH, possibly due to the short time frame of the experiment (Chukwuma, 2003).

LS01-128.  Influence of microbial species and functional diversity in soils on pathogen dispersal and ecosystem processes in organic and conventional agroecosystems (Ristaino, 2003).  North Carolina.
Soil tillage regime and fertility amendments were evaluated for their influence on biological soil characteristics and other soil parameters that strongly influence soil biology.  Plots were either tilled weekly or mulched with wheat straw after initial tillage.  Split plots received conventional fertilizer (10-10-10 at 448-674 kg ha-1), composted cotton gin trash, composted poultry manure, or incorporated rye-vetch cover crop.  Organic amendments were standardized to deliver 112 kg plant available N ha-1.  Tomato seedlings were transplanted in late April or early May.  

Cotton gin trash produced the lowest soil bulk density and highest soil moisture. Averaged over all amendments, straw-mulched plots had higher soil extractable C than tilled plots, as expected.  Cotton gin trash resulted in highest extractable C, followed by poultry manure, rye vetch and synthetic fertilizer. Soil extractable N was higher in plots amended with poultry manure or cotton gin trash than plots with rye-vetch or synthetic fertilizers.  Cation exchange capacity was highest in soils amended with cotton gin trash. Base saturation and pH of soils treated with organic amendments were higher than soils amended with synthetic fertilizer. In general, P, K, Ca, Mg, and Mn levels were higher in soils with compost amendments than synthetic fertility amendments.
Microbial biomass C (MBC) was significantly higher in plots with straw mulch than in tilled plots.  The MBC was greatest in plots amended with cotton gin trash followed by poultry manure, rye vetch cover crop and synthetic fertilizer. The MBC was significantly correlated with extractable C, microbial biomass nitrogen (MBN), and microbial respiration, and in most cases with extractable N and net mineralizable N. As expected, soil microbial respiration was higher in straw-mulched than tilled plots.  Soil microbial respiration was also higher in plots amended with cotton gin trash and poultry manure than synthetic fertilizer or rye vetch.

Straw mulch produced significantly higher MBN than tillage.  The MBN followed the same pattern as MBC, highest in soils amended with cotton gin trash followed by poultry manure, rye vetch and synthetic fertilizers. Straw mulch led to higher net nitrogen mineralization (potential N availability) than did tillage.  Highest net mineralized N was found in plots amended with cotton gin trash, while plots amended with rye vetch, poultry manure and synthetic fertilizers released much less N (Ristaino, 2003).

Spread of a naturally occurring pathogen, Sclerotium rolfsii (Southern blight), was much greater in plots with synthetic fertilizer than plots with organic amendments, and lowest in plots with cotton gin trash (Ristaino, 2003).  However, in greenhouse studies, Phytophthora capsici spread most quickly in soils amended with cotton gin trash, and disease incidence was lowest in peppers planted in soils with rye-vetch green manure or poultry manure (Liu and Ristaino, 2003a).  Population densities of thermophiles and oomycete fungi were highest in plots with cotton-gin compost than other plots; but there were no differences in population densities of total fungi, culturable bacteria, or enteric bacteria (Ristaino, 2003).  According to molecular probes, amendment type rather than soil type strongly influenced fungi community structure (Liu and Ristaino 2003b). 

Comparative studies were also performed with soils from conventional farms and organic farms.  Total bacterial biomass was higher in conventional farms, but the ratio of active:total microbial biomass was higher in organic farms.  Microbial communities also differed in their utilization of several C-substrates, indicating different community characteristics (Glenn and Ristaino, 2002).

LS02-136  Enhancing the economic and environmental competitiveness of small farms through agroforestry (Jose, 2003).  Florida.  (Cross reference:  Fertilizers).

GS01-009.  Competition for nitrogen and groundwater nitrate levels in temperate alley cropping systems (Allen, 2003a).  Florida
Cotton and pecans are two well-established cash crops in the Southeast.  Alleycropping these two species may lead to improved soil quality over time.  Several systems were compared:  an old alleycropping system (47 yr), a young alleycropping system (3 yr), an old pecan monoculture (47 yr), a young pecan monoculture (3 yr), and a cotton monoculture.  Soil organic matter, microbial biomass, soil respiration, and fine root biomass were greater under the old systems than the new systems, indicating the role of time in improving soil quality.  In addition, alley cropping of cotton slightly increased soil respiration in the old system but not the new system, and reduced soil organic matter in the alley cropping systems compared to the old pecan orchard.  Tillage for cotton probably increased the microbial activity, breaking down active soil organic matter that had accumulated in the old orchards.  The authors suggest using conservation or no-tillage to conserve organic matter and sequester carbon (Lee and Jose, 2003).  

In a companion study, N cycling in the alleycropping system was investigated (Allen, 2003a).  Pecan and cotton roots were separated by lining a 120 cm trench with polyethylene.  Temporal variations in net ammonification, nitrification, and mineralization were driven by environmental factors such as soil moisture and temperature, and by initial ammonium and nitrate levels.  Greater N-transformation rates near the soil surface occurred in the non-barrier treatment because soil N remained higher in this treatment, possibly due to reduced N uptake by cotton because of competition with pecans for water (Allen, 2003a).  
Fertilizers

LS92-47.  Farm scale evaluation of alternative cotton production systems (Lyle, 1995).  Texas.  (Cross reference:  Soil and water conservation)
In the arid high plains, soil and water conservation are primary concerns in developing cropping systems.  Several cotton production rotations were compared, including continuous conventional till cotton, continuous minimum till cotton, wheat-cotton, “terminated” wheat-cotton, sorghum-cotton, and cotton-fallow-wheat. Nitrogen fertilizer was applied at 70, 85, 100, and 115% of the amount predicted by the computer modelling program GOSSYM for maximum yield under various crop rotation and irrigation conditions.  Fertilizer was applied through the irrigation system 5 times during the cotton growing season.  The highest yielding rotation was wheat-cotton (>1100 lbs acre-1 lint at every N-rate), while conventional cotton was the lowest yielding system (<800 lbs acre-1 lint at every N-rate).  Irrigation rate and rotation were more influential than N-rate in increasing yield.  Increased irrigation and diverse crops in the system increased N-uptake, reducing NO3-N in the soil profile. 

LS98-90.  An integrated system of organic food production and urban food waste recycling using on-farm anaerobic digestion and fertigation  (Barkdoll, 2002).  Florida.
Organic fertilizers are often not very soluble in water, meaning that their nutrients are not readily plant-available. To provide an organic fertilizer from a local recycled resource, food waste from restaurants was digested in a small anaerobic digester.  Methane was also produced and was recycled to heat the digester.  After 15 months of operation, the digester had handled about 2.27 Mg of food waste.  Sixty-nine percent of the material had been converted to gas or liquified.  Most of the remaining solid material was removed from the digester.  The liquid and solid fractions were tested in field studies with sudangrass and ryegrass, and pot studies with tomato and lettuce transplants and the ornamentals phlox and wandering jew to determine their fertilizer value.  To use the effluent in drip fertilizer/irrigation systems, the digester must separate solids and liquids effectively and drip tape must have appropriate clog-prevention features.  Sudangrass had a maximum yield response to effluent applied between 224 and 336 kg N ha‑1 at 84 and 112 days after planting (DAP).  Total N uptake by sudangrass was greatest for 224 kg N ha‑1 at 112 DAP.  Ryegrass yield continued to respond to N-rates of 336 kg N ha‑1 at 112 DAP.  Effluent did not perform well as a fertilizer for lettuce transplants grown in organic potting media, giving plant dry weights no greater than an unfertilized base mix of peat moss and vermiculite.  Young lettuce plants were burned by an initial application of effluent, but kale plants and radishes responded to effluent similarly to Fertrell fertilizer applied on an equivalent N basis.  For tomato transplants, effluent resulted in tissue N and K content comparable to the base mix fertilized with poultry manure and Fertrell fertilizer, but resulted in tissue P even lower than tissue P of plants grown in the unfertilized base mix.  Effluent did not increase soil electrical conductivity.  Effluent did not increase post-harvest soil organic matter significantly.  No fecal coliforms were present in the effluent or the solid fraction.  Composting of the solid fraction was tested and found to be unnecessary; unprocessed residue could be applied directly to the field without fear of pathogens or nutrient “burn” of plants (Barkdoll, 2002).

LS99-100.  Systems for sustainability of alfalfa production on acid Coastal Plain soils using various harvesting strategies (Haby, 2004).  Texas.
Alfalfa is a highly productive and nutritious forage.  East Texas coastal plains soils are limited for alfalfa production due to low pH and aluminum (Al) toxicity; this research investigated fertility management that might allow this valuable forage to be grown in Coastal Plain soils.  Two well-drained, acid soils with toxic levels of subsurface Al were selected.  Limestone was applied to raise pH to 7.0 and gypsum was applied at rates of 0, 5, 10, and 15 Mg ha-1.  Each treatment was further fertilized based on soil analysis for alfalfa production.  Grazing tolerant alfalfa was planted.  Alfalfa roots did not grow below 61 cm although soil nutrients moved below 100 cm, and yield was not improved by soil amendments.  In a greenhouse study, soils were amended with limestone, gypsum at 5 and 10 Mg ha-1 rates, and CaSO4 to supply Ca comparable to the Ca level in the high rate of gypsum.  Deionized water leached gypsum through soil and leachate was analyzed for Ca, Al, and S.  Alfalfa was planted in the soils, and at harvest soils were analyzed for pH, Al, Ca, Mg, SO4-S, and K.  Soil amendments did not affect alfalfa yield or tissue mineral concentrations.  Analysis of Ca and S indicated that these minerals moved into the soil profile to 60 and 120 cm respectively, but subsoil pH was not affected; neither was exchangeable Al reduced.  In the greenhouse experiment, alfalfa yields and root growth were not affected by gypsum.  Gypsum leached other cations from the soil, but not Al.  Gypsum did increase plant tissue S, but plant K and Mg decreased.  Previous work by these researchers showed that alfalfa on other acid Coastal Plain soils did respond to liming, P, K, and B fertilization, but that pH and fertility in these soils were still difficult to maintain for alfalfa (Haby, 2002).  In short, current grazing alfalfa varieties were not suited to acid Coastal Plain soils due to soil pH and phytotoxic Al, especially when other forages such as bermudagrass and bahiagrass (although of lower forage quality) were much easier to manage on those soils.  Most papers resulting from this project are still in press or in preparation at the time of this writing.

GS02-013.  Developing a system to produce organic plug transplants for organic strawberry production (Paranjpe et al., 2004).  Florida.

Producing transplants that can be organically certified is difficult due to the lack of soluble nutrients in many organic fertilizers.  This project tested two organically certified soil mixes and two organic fertilizers for organic strawberry transplant production, with conventional soil mix and conventional fertilizer included as a control.  Soil mix had no effect on transplant survival, but plants grown in a mix containing equal parts (v:v) pinebark and worm castings required more frequent irrigation than plants grown in a 2:1:1 mix containing peat moss, perlite, and vermiculite.  Fertilizer had a significant effect on transplant survival.  A complete nutrient solution resulted in 82.4% survival, while Fish-O-Mega (4-2-2) produced 81.7% and Fertrell Super-N (4-2-4) produced 77.5% survival.  When used together, the organic fertilizers significantly reduced transplant survival, to only 72.7%, due to leaf burn.  There was no difference in transplant quality attributable to fertilizers.

Strawberry transplants were tested in the field under organic conditions, but poor weather and disease pressure in the year of testing severely limited yields of all berries.  The authors recommended using a disease-resistant cultivar.

LS02-136.  Enhancing the economic and environmental competitiveness of small farms through agroforestry (Jose, 2003).  Florida.  (Cross reference:  Nutrient Cycling)

GS01-009.  Competition for nitrogen and groundwater nitrate levels in temperate alley cropping systems (Allen, 2003a).  Florida.

Alleycropping of cotton and pecans was tested to optimize profitability and environmental protection.  A primary role of trees in these systems is to scavenge unused fertilizer N from deep within the soil profile and to redeposit the N on the surface via litterfall.  A pecan-cotton system was fertilized with 89.6 kg N ha-1 and rows were either left alone or “trenched” to a depth of 120 cm (a polyethylene root barrier was installed to separate cotton roots from pecan roots). The fertilizer was applied after the pecans’ major seasonal demand for N.  Competition for fertilizer N was minimal because peak pecan and cotton N-demand occurred at different times (Allen, 2003a).  Most of the competition for N in the system was for N already resident in the soil, as shown by cotton in trenched rows having lower N derived from fertilizer than cotton in non-trenched rows; in other words, if resident soil N was available to cotton, the cotton would use it.  Trenching alleviated competition between the plants for water and nutrients, but fertilizer also helped by providing extra nutrients.  Fertility source was important, with fertilizer producing higher cotton yields than poultry litter (Allen, 2003a).  Root trenching did not affect pecans. Trenching improved cotton biomass and fertilizer use efficiency while still allowing the pecan roots to scavenge N from deeper layers, thereby reducing NO3-N in groundwater.  Pecans redistributed approximately 48 kg N ha-1 to the soil surface through litterfall (Allen et al., 2004; Wanvestraut et al., 2004). The authors also suggest using best management practices such as conservation tillage, cover cropping, and surface mulch, along with soil tests, monitoring of petiole nitrate levels, split fertilizer applications, and nitrification inhibitors.  

Manure and Pollution
LS90-24.  Development of an environmentally safe and economically sustainable year-round minimum tillage forage production system using farm animal manure as the only fertilizer (Johnson, 1993).  Georgia.

This project sought to maximize the use of stored liquid dairy manure for fertilizer, while minimizing adverse effects to groundwater.  A center-pivot irrigation system was used, with the circle divided into quadrants which received manure to provide approximately 200, 400, 600, and 800 kg N ha-1 yr-1.  The cropping system was rye overseeded into bermudagrass sod in fall, followed by silage corn minimum-till planted in spring.  Hay or silage was harvested from residual bermudagrass (Vellidis et al., 1996).  Biweekly soil solution samples were collected from 0.5, 1, 1,5, and 2 m soil depths; groundwater was monitored at 3 and 6 m.  The 200 and 400 kg N ha-1 treatments provided inadequate N for the high-demand crops grown, while the 600 and 800 kg N ha-1 treatments were sufficient (Newton et al., 1994). Denitrification was highest in soil with higher manure application rates, with total denitrification ranging from 32 to 114% of N available beyond crop uptake, meaning that in some cases the crops were out-competed for N by microbial processes.  Nitrous oxide, a greenhouse gas, comprised about 29% of total denitrification product (Lowrance et al., 1998).

The potential for nitrate contamination of water was a concern.  At all soil depths (0.5 to 2 m), NO3-N concentrations were highest under the 800 kg N ha-1 treatment, reaching a maximum of 14.3 ppm at 2.0 m.  At 2.0 m, NO3-N concentration was lowest (6.3 ppm) under the 400 kg N ha-1 treatment, possibly due to stimulation of crop growth and therefore greater demand.  However, with time, NO3-N in soil solution decreased at 200 kg N ha-1, remained stable with 400 kg N ha-1, and increased with 600 and 800 kg N ha-1.  There were no manure application rate effects on NH4-N, PO4-P, total N, or total P.  In the groundwater sampling sites, there was no difference in NO3-N among treatments at 3 m and the measurements did not change over time, but all measurements exceeded the 10 ppm drinking water standard.  At 6 m, NO3-N concentrations were lower than 10 ppm for all treatments and remained unchanged over time.  The lack of change over time indicated limited movement of NO3-N to the groundwater, probably because of a restrictive layer in the soil (Vellidis et al., 1996).  The authors suggested that manure rates delivering between 400 and 600 kg N ha-1 yr-1 would not cause water quality degradation for some years, but that in sites without a restrictive layer, pollution might occur.

LS90-26.  Swine waste – low cost alternative to commercial fertilizer for production of forage for grazing cattle (Mueller et al., 1994).  North Carolina.  

The main product from this work was an extension publication that detailed results of stored swine manure as a fertilizer for grazed pastures or hayland and suggested methods to reduce pollution potential.  The publication provided guidelines for grazing and haying management, paddock layout design, and irrigation systems for delivering liquid waste. 

Plant tissue analysis and soil fertility tests were recommended to optimize nutrient application rate, while forage analysis was recommended to identify anti-quality factors such as excess forage nitrate concentration.  The authors recommended applying manure to provide no more than 18 to 23 kg N 0.9 Mg​-1 forage dry matter yield (40 to 50 lbs N ton-1), except in P-sensitive watersheds where P requirements should determine application rate.  Estimates were provided for nutrient content and first-year nutrient availability coefficients for swine manure stored in various ways and applied by injection, incorporation, broadcast, or fertigation. Research indicated movement of nutrients through the soil profile over 2.5 yr after manure application began.  At 1 m soil depth, nutrient concentrations were considerably elevated:  P 245%, K 374%, Zn 260%, and Cu from 0 to 2.42 kg ha-1 equivalent.  The authors recommended timing manure applications to minimize delay between application and plant growth to prevent nutrient movement, particularly nitrate leaching. For sandy soils, the authors recommended applying manure at low rates throughout the season.  Testing of manure nutrient content and soil nutrient status, and applying manure according to estimated crop removal, was considered essential to reduce pollution potential. The publication provided specific guidelines for manure application timing and nutrient removal for various forage species (corn silage, bermudagrass, tall fescue, orchardgrass, small grain hay, sorghum sudangrass hay, and millet hay). 

LS91-39 and AS93-10.  Use of poultry litter as a soil amendment in southern row crop agriculture:  A feasibility study based on agronomic, environmental, and economic factors (Miller, 1996). Alabama. 

This project investigated ways to optimize the use of poultry litter as a soil fertility resource while limiting potential pollution.  Fresh and composted poultry litter was applied to a variety of soils at several rates, fertilizing soybean, rice, cotton, bermudagrass, corn, and winter wheat. Poultry litter increased total soil C and CO2 evolution from soil, especially under strip-tillage vs conventional tillage.  Poultry litter increased total soil N only when strip-tillage was used, and increased soil inorganic N production in both tillage systems. The authors suggested that poultry litter stimulated soil microbial biomass (Kingery et al., 1992a). Total N content was not a reliable index of poultry litter performance as a fertilizer.  In cotton, poultry litter produced cotton lint yield and seed yield comparable to NH4NO3 only in certain years; in some years more litter was needed for similar yields.  On degraded soils with little topsoil, however, poultry litter generally gave higher crop yields than fertilizer applied to provide equivalent N (Miller, 1996).  Composted litter plus co-composted mortalities (dead birds) was similar to non-composted litter in fertilizer value, except that compost had slightly higher non-N nutrient content, possibly due to the contribution of feather and bone.  Farmers tended not to follow recommendations for composting very stringently, meaning that composts were variable in nutrient composition (Cummins et al., 1992). 

Up to 269 kg total N ha-1 could be applied without resulting in NO3-N above 10 ppm at 90 cm.  However, significant soil residual N was found following litter (Mitchell et al., 1993).  To determine maximum safe rates of litter application, 9 Mg ha-1, and 18 Mg ha-1 poultry litter were compared to fertilized soils over 2 yr.  Nitrate-N leaching was significantly higher in fertilized soils than littered soils, especially for shallower slope soils (2% vs 4%).  At 80 cm depth in 2% slope soils, 18 Mg ha-1 litter produced 10 ppm NO3-N while 9 Mg ha-1 produced about 2 ppm NO3-N.  At 80 cm in 4% slope soil, 9 Mg ha-1 produced more than 20 ppm NO3-N and 18 Mg ha-1 had 5 ppm.  Runoff NH4-N content was similar for all forms of fertility on the 2% slope, while fertilizer produced more NH4-N runoff on the 4% slope.  Fertilizer and 18 Mg ha-1 had similar NO3-N runoff on the 2% slope, while 18 Mg ha-1 litter had more NO3-N runoff on the 4% slope.  The 9 Mg ha-1 litter had the lowest runoff pollution generally.  The 18 Mg ha-1 litter had the largest total N in runoff, while 9 Mg ha-1 had least (Miller, 1996).  Using 9 Mg ha-1 poultry litter appeared to be the best compromise in terms of waste usage and pollution limitation. 

Some soils in permanent fescue sod for hay and grazing historically received from 6 to 22 Mg ha-1 yr-1 poultry litter over 15 to 28 yr.  Compared to unlittered soils, littered soils had increased organic C and total N to depths of 15 and 30 cm and pH increases of up to 0.5 units to 60 cm.  Significant nitrate-N was found in littered soils to bedrock, while extractable P concentrations were 530% greater to the 60 cm depth.  Elevated K, Ca, and Mg were apparent at 60 cm, while Cu and Zn accumulated up to 45 cm.  Long term litter application definitely created potential pollution problems in these soils (Kingery et al., 1994).  The authors suggested creating regulations limiting poultry litter application based on P-requirements, which would lower N applied to less dangerous levels (Wood, 1992).

LS92-48.  Developing environmentally sound poultry litter management practices for sustainable cropping systems (Earhart, 1995).  Texas.

This project sought to find ways to utilize poultry litter to fertilize vegetable crops while limiting NO3- leaching or pollution due to runoff in the temperate, high rainfall climate of east Texas (Haby et al., 1995).  Litter was applied at the recommended rate based on N-content of litter and N-requirement of crop, 2 times the recommended rate, and 4 times the recommended rate (0, 4.8, 9.6, and 19.2 tons/acre for sweet corn).  Litter could be applied all preplant or in split application without affecting yield of either spring or fall crops.  Applying litter at more than 2 times the recommended rate did not improve crop yields (Baker et al., 1993; Earhart et al., 1993).  Hybrid bermudagrass, a high N-requirement crop, had the highest yield when 17.9 Mg ha-1 poultry litter was applied in one spring application.  Poultry litter had variable nutrient content (2.1 to 2.15% N) from year to year (Haby et al., 1995).  Effluent from hen houses was applied to ryegrass pasture at 0, 77, and 194 kg N ha-1 at every ryegrass hay harvest.  The higher rate of effluent did not produce higher yields (Haby et al., 1995).

Using litter in excess of recommended rates based on N content and crop N requirement produced between 20 and 25 ppm NO3-N at 80 cm soil depth.  However, fertilizer blends used at the recommended rate produced similar NO3-N levels at 80 cm (Baker et al., 1993; Earhart et al., 1993).  Using litter at the recommended rate produced 13 ppm NO3-N at 80 cm.  However, using litter at even the recommended rate for crop use increased ppm NO3-N below 80 cm over the long term (Haby et al., 1995).  Incorporating litter after application resulted in almost no NO3-N runoff (Earhart et al., 1995).  Using litter at the recommended rate for crop use produced high P-levels in the first 30 cm of soil, indicating a potential pollution hazard for P runoff.  A linear decrease in soil pH was seen in soil planted to sweet corn as litter application rates increased.  Excessive litter application (4 times the recommended rate) also produced high soil salinity (Earhart et al., 1993).  Using forage crops in conjunction with vegetable crops greatly decreased NO3-N in leachate water when forage crops were grown in fall after spring vegetables, but not when fall vegetables were followed by spring forage (Earhart et al., 1995a).  Using fall forage crops also reduced P-buildup in soil, especially when the litter application was not split but applied in spring only (Earhart et al., 1995b).  However, in permanent forage crops, split application of litter reduces P accumulation, while litter at any application time slightly raises pH over time (Haby et al., 1995).  A related project is LS95-69, immediately following.

LS95-69.  Managing soil phosphorus accumulation from poultry litter application through vegetable/legume rotations (Earhart, 1998).  Texas.  (Cross reference: Cover Crops)

This project followed up on concerns raised by the previous project about P-accumulation and pollution potential when poultry litter was used to fertilize crops.  Poultry litter containing approximately 4% total N was evaluated for influence on crop yield and pollution of ground- and surface-water.  Litter was applied at 1, 2, and 4 times the recommended rate based on crop requirements.  The spring crop was tomato followed by sorghum-sudan; fall crops were turnips and rye.  Litter was applied in either spring, fall, or both.  All treatments increased P-concentrations in the surface 15 cm, but applying at the recommended rate held P concentrations at 60 ppm after 5 yr (Earhart et al., 1998a).  However, a cropping system of spring vegetable + fall cover reduced P accumulation compared to other cropping systems, especially when the fall cover was crimson clover (Earhart et al., 1998b).  Spring-only litter application also reduced P accumulation (Earhart et al., 1996a).  Nitrate-N leaching followed a similar pattern, with spring vegetable + fall cover cropping producing a two-fold decrease in NO3-N concentration at 122 cm (Earhart et al., 1996b.)  Nitrate leaching was controlled when litter was applied according to soil test results and crop demand, but increased as litter application rate increased (Earhart et al., 1996c).  Compared to poultry litter, fertilizer blend application increased NO3-N leaching, but poultry litter increased P accumulation (Earhart et al., 1996d).  Using a legume as the fall cover crop reduced P accumulation by 35.6 mg kg-1 compared to using a spring legume followed by fall vegetable, but did not stop accumulation from occurring  (Baker et al., 1997).

LS93-52.  Dairy manure in low-input, conservation tillage animal feed production systems (Mullen, 1997).  Tennessee.  (Cross reference:  Nutrient Cycling)

Several rates of dairy manure were compared with N-fertilizer on four working dairies.  Rates of manure were selected based on the assumption that 75% of nutrients would be available in the first year.  Nitrogen rates from manure ranged from 0, 112, 224, and 336 kg N ha-1.  Plots fertilized with NH4NO3 received 0, 84, 168, or 252 kg N ha-1.  Manured plots received manure for 1, 2, or 3 yr, with residual fertility evaluated after manure application ceased.  Prior manuring history affected N-availability, with plots that had historically received manure before the experiment not responding to added fertilizer or manure.  Plots that had no history of manuring responded to manure applications of 224 kg N ha-1, but there was no residual response after manure application ceased. Total N and pH were not affected by manure applications during the first 2 yr of application, but after 2 yr, plots with 336 kg manure N ha-1 had higher total C than other soils.  Silage yields were highest with NH4NO3 in all years, except that 336 kg manure N ha-1 over 3 yr did produce yields comparable to 168 kg NH4NO3-N ha-1.  Silage yields increased within a given manure application rate as years of application increased  (Brinker, 1996).  Over time, manure application can produce acceptable silage yields. Silage yields were not significantly different when fertilized with 252, 380, or 504 kg manure N ha-1, from fertilizing with 218 kg NH4NO3-N ha-1.  There was a trend for increasing yield with increasing manure N (Mullen et al., 1993).

In a companion experiment, dairy manure with average total N content 0.35% (ranging from 0.27 to 0.43%) (Mullen et al., 1993) was applied to no-tilled corn silage plots at rates of 0, 126, 252, 380, and 504 kg N ha-1.  Comparison plots received NH4NO3 applied at 0 and 218 kg N ha-1, plus inorganic P and K applied at soil test recommended rates.  Nutrient applications were split in spring and fall, with the majority of N applied in spring. Silage corn was no-till planted in spring; annual ryegrass/crimson clover mix was planted for fall forage after silage harvest. Nitrate losses from the 504 kg manure N ha-1 plots were significantly higher than nitrate loss in other plots.  Nitrate losses tended to be lower in the 252 kg manure N ha-1 plots than the 380 kg manure N ha-1 plots.  Since there was no significant silage yield difference between these two rates, manuring at a rate of 252 kg manure N ha-1 protected water quality while not sacrificing yield on no-tilled soils (Mullen et al., 1993).  Based on an average manure N content of 0.35%, 7.2 Mg manure ha-1 could be applied, but P pollution becomes of concern if manure applications are based upon N-content.

AS94-14.  Forage, biomass, and biogas integrated systems for animal waste management (McFarland, 1997).  Texas.

Integrating dairy production and biomass production for digestion in a biogas generator was investigated.  Increasing plant biomass available for the generator feedstock was a priority.  Dairy waste was applied to switchgrass at 0, 75, 150, 300, and 600 kg N ha-1 for 2 yr.  Switchgrass yields increased linearly with increasing amounts of dairy waste, and 16.7 Mg biomass ha-1 was produced at the highest rate of manure application (640 kg N ha-1).  Switchgrass biomass increased to a maximum of 21.6 Mg biomass ha-1 with commercial N-fertilizer, indicating that some N in dairy waste was either unavailable to switchgrass or left the system.  Effluent N-recovery by switchgrass was less than 25% and P-recovery was less than 33% (Sanderson et al., 1997).

At all application rates, switchgrass filterstrips lowered surface runoff nitrate-N concentrations by 57 to 99% and lowered P concentrations by 14 to 85%, to less than 1.5 ppm P.  Chemical oxygen demand was also reduced in surface water by filterstrips.  At 1 m soil depth, NO3-N and P content of soil water varied according to rainfall, but increased with increasing manure application to a maximum of 21.5 ppm NO3-N and 4.61 ppm P.  Soil test P in the 0-15 cm soil depth rose from 28 to 98 kg ha-1 in the first year and from 25 to 84 kg ha-1 in the second yr with increasing effluent.  In the 15-30 cm depth P rose from 15 to 17 kg ha-1 in the first yr and 2.2 to 4.5 kg ha-1 in the second yr with increasing effluent.  The overall reduction of soil P in the second year may indicate that soil P leached through the profile (Sanderson et al., 1997).  Leaching of both NO3-N and P became a concern during the study period.

LS99-108 and LS00-117. System for conserving and adding value to manure sources of nutrients in turf-grass sod (Vietor, 2003).  Texas.

The intent of this project was to integrate dairy production with high-value bermudagrass sod production by using composted dairy manure to fertilize high-nutrient-demand turfgrasses.  Exporting manure nutrients away from a sensitive watershed in which dairy waste was the main source of excess P was a priority.  The high value of the sod made manure composting in local facilities and transportation more economically viable. GIS technologies were used to evaluate the local occurrence of turfgrass producers, and revealed over 5000 ha suitable for turf production in the local watershed (Hanzlik et al., 2004).  This land could receive 198,000 kg manure P ha-1 yr-1 and export more than 114,840 kg manure P ha-1 yr-1 in sod and the associated soil.  Manure from 10,032 cows could be used and manure from 5808 cows could be exported (Munster et al., 2004).  A manure P rate of 191 kg P ha-1 during sod production eliminated P fertilizer requirements for sod establishment (Vietor, 2003).  The authors suggested that if N-fertilizer was applied judiciously to increase sod growth beyond the  capacity of the more slowly available manure N, turf growth might increase, allowing more harvests per year and thus greater P export potential (Vietor et al., 2002).

Runoff of P into surface water was of concern, but experiments on 8.5% slopes showed that runoff volume was no greater from turf receiving manure at 50 or 100 kg P ha-1 than from turf with fertilizer rates of 25 and 50 kg P ha-1.  In addition, P concentration in runoff from 50 kg P ha-1 plots was much lower when the P was applied as manure than as fertilizer (Gaudreau et al., 2002).  To test establishment procedures, bermudagrass was either sprigged and amended with 2 rates of manure or fertilized, or established from imported sod previously fertilized with manure or fertilizer.  The total dissolved P was 1.6 times greater in runoff from sod being established with manure than from imported, previously manured sod.  Total losses of both P and N were much greater from sod being established with either fertilizer or manure than from sod imported and previously manured (Vietor et al., 2004).  In experiments conducted at the field scale (1.4 ha), a total of 3.8% (2.8 kg P ha-1) of the applied P from composted dairy manure was lost in surface runoff.  Surface runoff was 19% greater in volume in the non-manured plots than the manured plots, possibly due to the water-holding abilities of composted manure (Choi et al., 2003).  Soil test P-values in sod were directly related to runoff total dissolved P, meaning that runoff P could be estimated by soil test P (Vietor et al., 2003).  Using composted dairy manure to fertilize sod was found to be an effective way of exporting nutrients from a vulnerable watershed.

Manure
LS90-25.  Development of fractionation and treatment systems for poultry litter to enhance utilization and reduce environmental impact (Merka, 1992).  Georgia.

This project sought to develop methods to improve handling and storage of large quantities of poultry manure. Poultry litter was fractioned by sieving into the fine fraction (<0.83 mm), the mid-fraction (0.83 to 3.3 mm) and coarse fraction (above 3.3. mm).  The fine fraction was intended for use as a land application and the coarse fraction to be returned to poultry houses for bedding.  The mid-fraction was apparently not evaluated.  Increasing the number of broiler flocks raised on each batch of litter increased the fine fraction from 23 o 41%; fractions could be separated either by a vibrating screen or a rotating drum screen (Ndegwa et al., 1991).  During storage, ammonia volatilization and CO2 emission were measured at unamended water content and at 0.5 kg kg-1 water content (poultry litter can hold up to 3 kg water per kg litter) (Cabrera et al., 1994a).  The fine fraction had N and C concentrations 22 to 45% higher than whole litter and lower pH than whole litter (Ndegwa et al., 1991; Cabrera et al., 1994a).  At unamended water content, potential NH3 volatilization and CO2 emission were low and similar for whole litter and fine fraction; with 0.5 kg water, both gaseous emissions were much higher in both whole litter and the fine fraction, but the increase was greater in the fine fraction.  Both whole litter and the fine fraction should be stored relatively dry to maintain nutrient content and decrease odor problems (Cabrera et al., 1994a).  When litter was applied to soil, gaseous emissions of N2O and CO2 were highest during the first 4 days, and less N was lost as N2O from the fine fraction than from pelletized litter (0.2% of total N applied vs 2.8%) (Cabrera et al., 1994b).  Pelletization did not affect total net N mineralization or ammonia volatilization (Cabrera et al., 1993).  Separating litter into fractions and using the fine fraction for soil amendment appears beneficial, but the extra step of pelletizing is not necessary if the litter will be used locally.  For transport, pelletizing may still be desirable.

LS92-49.  Organic soil amendments of agricultural by-products for vegetable production systems in the Mississippi Delta region (Teague, 1995).  Mississippi.  (Cross reference: Compost, Cover crops)

Several on-farm demonstrations and trials of various manures and other agricultural by-products were evaluated for use as soil amendments for horticultural crops.  Delta soils are often damaged by leveling for precision irrigation, or are sandy and have inherently low organic matter.  Poultry litter applications ranging from 0.3 to 0.9 Mg ha-1 increased spinach, cabbage, turnip green, and collard yields on damaged soils, but not necessarily on undamaged soils (Teague and Lee, 1995; Teague, 1994a; Teague 1994b).  Few differences were found between pelletized poultry litter (PPL) and other poultry litter formulations such as raw or composted.  The PPL formulation was more expensive than other formulations but much easier to handle and apply.  Compost tea made by soaking PPL in hot water was evaluated for fertilizing transplants at planting.  Standard 20-20-20 NPK fertilizers resulted in more rapid early growth than the compost tea, but the tea was preferable to water alone (Teague, 1995).  

AS93-11.  Use of poultry litter or manure for root knot nematode management on vegetables and field crops (Fortnum, 1997).  South Carolina.

This project investigated the use of poultry litter or poultry manure as a fertilizer and nematode control measure for horticultural crops.  On a Norfolk sandy loam naturally infested with root knot nematode, poultry litter or poultry manure was incorporated, with rates were adjusted to provide 90 kg N ha-1, assuming 60% organic N and 80% NH3-N availability.  Squash plants were seeded directly into formed beds.  Poultry litter and manure varied considerably in N content depending upon the collection method used.  Litter had higher total N per Mg, but manure had a higher %NH3+NH4+-N, meaning that available N was similar for manure and litter. Soil pH rose in each treatment over a period of 1 hr to 36 hr after incorporation.  Over 40 d, soil pH returned to normal or to slightly acidic.  Nitrogen volatilization was significant for litter and manure; the authors suggest immediate incorporation of litter to prevent N-volatilization.  The effect of manure and litter on squash yield varied over the years of the experiment.  Effect of manure on nematodes should be discussed in the SSARE Crop Protection review.

LS94-60. Animal waste, winter cover crops, and biological antagonists for sustained management of nematodes on cotton (Barker, 1998).  North Carolina.

This project investigated poultry litter as a fertilizer and nematode control measure, in conjunction with rye as a cover crop.  The cash crop of interest was cotton.  Eighteen field experiments on various farms and stations were conducted.  Most of the research focused on nematode populations (not described in this review).  Poultry litter was applied at rates of 0, 3.4, 6.7, and 10 Mg ha-1.  Selected plots also received rye as a cover crop, which was killed in May prior to cotton planting in mid-May.  The highest level of poultry litter decreased nematode populations and increased cotton lint yields in one location, and the second highest level produced highest yields at a second location.  The time of litter application (December, February, or March) did not affect lint yield.  At high biomass, rye produced an allelopathic effect that somewhat negated the positive effect of the poultry litter in one location; in other locations, rye plus poultry litter produced higher lint yields than rye alone.  However, N-P-K fertilizer (22.4 kg ha-1) plus rye accomplished the same result.  Both poultry litter and rye affected nematode populations and increased cotton yield, but rye had to be managed carefully to avoid allelopathy (Barker, 1998).

LS99-103.  Pastured poultry and vegetable production:  An integrated approach (McNitt, 2003).  Louisiana.

The value of pastured poultry manure as a soil amendment for vegetable production was tested.  Various vegetable crops were planted on plots 1, 7, 14, and 21 days after 25 mature laying hens moved across subsoiled but otherwise undisturbed sod in 2.4 x 2.4 m pens (i.e., 1 pen with 25 hens).  Their feed contained 16% crude protein.  Hens contributed an estimated 55 g N per day per pen.  Manure was incorporated immediately after hens moved, daily.  Supplemental fertilizer was supplied in one of several ways:  none, 50% of the recommended amount conventional fertilizer (13-13-13), 50% of the recommended amount of organic fertilizer, commercial fertilizer alone, and organic fertilizer alone.  Mustard greens responded best when planted 14 days after manuring, cucumber responded best when planted 7 and 14 days after manuring, and squash responded best when planted 7 days after manuring.  Planting 1 day after manuring was not optimal for any crop.  The highest yields of squash and cucumber occurred with manure plus conventional fertilizer at 50% the recommended rate, but greens responded best to commercial fertilizer.  Soil pH may increase with pasturing poultry.  There was no difference in total soil nitrogen among fertilizer treatments.

Pollution

LS91-35.  Improved nitrogen-use efficiency in cover crop based production system. (Wagger, 1994).  North Carolina.  (Cross reference:  Cover crops)

This project investigated the effectiveness of various cover crops to reduce the potential for N-pollution following corn harvest, in a loamy sand soil.  Corn was fertilized with 150 kg N ha-1 (100% recommended rate) or 300 kg N ha-1 (200% recommended rate).  Rye, wheat, crimson clover, and spring oats were planted following corn harvest.  A fallow treatment was included.  Immediately following corn harvest, NO3-N levels were two to three times higher in the 300 kg N treatment than the 150 kg N treatment.  In December, cover crop dry matter accumulation was highest in rye, followed by oat, wheat, fallow, and crimson clover.  The N-content of rye was nearly double following the 300 kg N fertility treatment than the 150 kg N treatment, but no other cover crop responded in this manner.  In December, soil NO​3-N had moved from the 60 to 75 cm depth to the 75 to 90 cm depth, and was similar between fertilizer rates and in all cover crop treatments (average 17 ppm).  By April, rye accumulated the highest dry matter and had responded to the higher N-fertility in the 300 kg N plots (3.27 vs 2.01 Mg ha-1).  Rye N content in April was also 55% higher in the 300 kg N plot than the 150 kg N plot, and was two to three times higher than all other cover crop N contents.  By April, there were no differences in soil NO3-N content among cover crops following 150 kg N.  Following 300 kg N, soil NO3-N was 1 ppm in the rye plots and averaged 13 ppm in all other cover crop plots.  Movement of NO3-N below 90 cm was likely, given the differences in cover crop N accumulation.  Rye’s superior ability to accumulate N and remove NO3-N from the soil profile was corroborated by a companion study using 15N-labelled fertilizer.

LS91-43.  Cover crops for clean water:  a national conference on the role of cover crops in improving water quality (Hargrove, 1991a).  Multistate.  (Cross reference: Cover crops)

This publication includes extensive information on the various roles of cover crops and crop residues in environmental protection.  Main pollution-related topics include erosion by wind and water, and surface water and groundwater impacts. Annual cropping systems discussed included grains and row crops.  Permanent cropping systems such as vineyards and orchards were discussed.  Environmental benefits from cover crops include reduction in erosion and runoff, increase in water infiltration, nutrient capture and reduction of nitrate leaching, and reduction of herbicide requirements.

AS94-12.  Waste management system for loafing areas in dairies (Brune, 1996).  South Carolina, Georgia.

This project investigated a method to reduce pollution from dairy loafing areas, which pose risks to local surface and groundwater due to concentrated waste production (Drommerhausen et al., 1995).  A loafing area was constructed with gravel-covered geotextile fabric to divert surface flow to a lagoon.  Buried subsurface drains diverted subsurface waste to the lagoon.  Over 1 yr of operation, most waste left the area by surface flow, since the geotextile fabric reduced infiltration.  In fact, only 0.5% of total rainfall infiltrated to the drains.  The system was effective in reducing pollution to groundwater in part because of limited infiltration; subsurface drains did not appear to be necessary.  However, only 5% of manure N deposited on the loafing area could be accounted for, indicating a need for further investigation.  

AS94-16.  Development of guidelines for and demonstration of efficient treatment of swine lagoon wastewater by constructed wetlands (McCaskey, 1998).  Alabama.

A 0.40-ha (1-acre) wetland was constructed in 1988 to treat all manure from a 500-hog yr-1 operation (Hannah, 1996).  A two-stage lagoon was created to allow settling of particulate matter and dilution of waste before waste entered the wetland.  The wetland was more effective at treating total suspended solids (TSS) and biological oxygen demand (BOD) than treating total ammonia N (TAN).  Effluent TSS and BOD but not TAN were reduced to levels suitable for discharge water.  Bacterial counts were reduced from over 1 million mL-1 in untreated wastewater to less than 1 100 mL‑1 in 20 days (McCaskey et al., 1998).  Effluent from the wetland was then pumped to a detention pond and recycled to flush manure out of the barn.  The recycled water was not redirected to the wetland.  A mixture of bulltongue, soft rush, and common cattail were the best species for the wetland, since they accumulated P.  Nutrient uptake by plants, and therefore the amount of nutrients leaving the system, varied by seasonal plant growth.  In an average year, the wetland retained 74.3% of incoming N and 68.2% of incoming P (Krotz et al., 1996; McCaskey et al., 1995).  Water from the wetland could be applied to 0.4 ha without exceeding recommended N-application rates, while untreated effluent would require 5.7 ha (Wolfshohl, 1996).  There were no increases in groundwater NO3-N, NH3+NH4+-N, or total P, indicating that the wetland did not impact groundwater quality.

LS94-63.  Regional center for sustainable dairy farming (Washburn, 1998).  North Carolina.

Pasture-based dairies produce less concentrated waste deposition than conventional confinement dairies.  Storm water runoff samples were collected from a 1.1-ha exercise lot in a confinement dairy system and from 6.2 ha of pasture area in a pasture-based, rotationally grazed dairy system.  Equal cow numbers were in each treatment, with Holsteins in confinement and Jerseys on pasture.  Twenty-four hour cow watches showed that cows on pasture deposited 87% of urine events and 86% of feces events on pasture rather than in lots during milking or feeding.  Storm water runoff from the bare exercise lot had high sediment and nutrient concentrations, up to 21,000 kg ha-1 yr-1 sediment, 590 kg ha-1 yr-1 N, and 310 kg ha-1 yr-1 P.  Runoff from the pastures was significantly cleaner, at 190 kg ha-1 yr-1 sediment, 7.7 kg ha-1 yr-1 N, and 4.3 kg ha-1 yr-1 P. Both watersheds were modeled with the Agricultural Non-point Source Pollution Model (AGNPS), which proved to be more accurate for the heavy use area than the pasture area, and for average pollutant runoff values than for individual storm events (Goetz, 1999).  Densely vegetated, rotationally grazed pastures effectively retained feces, urine, and soil, especially under conditions of non-torrential rainfall. 

LS97-88 and AS97-26.  Producer assessment of sustainable land management practices to protect water quality (Steiner, 2000).  Georgia.

General recommendations for water quality management procedures do not take specific land features into account. Physical landscape features such as stream order, drainage density, contributing area, and stream length may affect stream pollution as much as management. Producers in two Georgia watersheds selected sites in their fields for installation of runoff water collectors (Franklin, 2000; Franklin et al., 2001). Site management did not influence NO3- concentration in storm flow or runoff but did influence base flow (Franklin et al., 2001, cited in Franklin et al., 2003).  Ammonium was not spatially autocorrelated with stream order, drainage density, contributing area, or stream length in either watershed.  Dissolved reactive phosphorus (DRP) was spatially autocorrelated in one watershed, but not with any of the morphological features considered.  Nitrate was significantly autocorrelated with drainage density (Franklin et al., 2003).  The authors concluded that morphological features of the landscape can modify the effectiveness of management tactics in reducing nutrient pollution of streams.  In consequence, morphological features of the watershed need to be taken into account when making land management plans, risk assessments, and watershed nutrient criteria.  Given the complexity of watershed morphology and the differences among nutrient behavior in watersheds, case-by-case recommendations are most effective in improving water quality.  Project LS98-093, immediately following, is related to this project.

LS98-093  Accountability at local, state, and federal levels for impacts of agricultural conservation practices on water quality (Fisher, 2003).  Georgia.

This project monitored water quality biweekly for 3 yr at 25 sites in the Upper Oconee Watershed of Georgia.  The purpose was to determine the impact of agricultural conservation practices on surface water quality and to examine the impact of various pollution sources with an emphasis on reducing potential conflict between urban and agricultural interests. A special field runoff collector was designed and tested to accommodate steeper slopes, larger flow rates, and channelized flow from agricultural fields (Franklin, 2000; Franklin et al., 2001).  Significant variation in water quality was found among sites, with dilution of upstream impact apparent at downstream sites.  Adequate riparian buffering also limited surface water pollution (Fisher et al., 2001). Only 25% of samples were below 200 MPN 100 mL-1 for E. coli and 38% were below 200 MPN 100 mL-1 for enterococci, indicating contamination.  However, there was low correlation between these indicator organisms, possibly indicating source differences (Fisher and Dillard, 2003). Elevated fecal coliform in areas where there were few animals indicated the need for better testing procedures to describe pollution problems (Fisher et al., 2000).  The location of pollution sources greatly influenced the sources’ impact on surface water quality.  Dairy farms close to two creeks that drained into a lake were situated such that the watershed could not mitigate pollution; these farms required mitigation practices.  However, poultry operations were located far enough away from river headwaters that their pollution was detectable as separate from urban pollution.  Phosphorus, N, and fecal coliforms were high near the poultry operations, but were reduced by the time and place that urban water intake from surface water occurred.  A city had higher impact on surface water quality than the poultry operations, but this could change if a new reservoir were built nearer to the poultry operations. 

One issue that this project identified was the need to identify critical areas to implement conservation practices for the greatest effectiveness. Global assessment was not adequate to identify critical areas; field by field assessment such as geospatial data was more informative.  Geospatial data identified areas of potentially high impact on water quality.  Specifically, cow-calf management that allowed cow-calf pairs to be near surface water in early spring created a potentially polluting situation because rotational grazing is difficult when calves are very young.  Soil erosion and coliforms could easily enter water at that season (Fisher et al., 1998).  Also, locating cattle so that runoff moved through an impoundment such as a farm pond before reaching surface water reduced bacterial contamination (Fisher and Endale, 1999).

GS02-014. Streambank erosion associated with grazing activities in Kentucky (Agouridis, 2004).  Kentucky.
This project assessed best management practices to reduce streambank erosion in grazed riparian areas and identified the main causes of damage to streambanks.  Streambanks were protected in one of two ways during the grazing season:  cattle were fenced away from the banks other than limited crossing areas and provided alternative water, or cattle were not fenced away from streambanks but were provided alternative water.  A control treatment provided no fencing and no alternative water.  Cattle were fitted with GPS collars to track their movements.  Cattle position was less influential than cattle activity; cattle loitering near the stream or in the stream caused less erosion than cattle crossing or walking around the stream.  Stocking density did not influence erosion, meaning that small numbers of animals can cause nearly as much damage as larger numbers.  Providing alternative water sources did not deter cattle from using the stream and thus causing streambank erosion.  Excluding cattle from the stream with fencing did deter erosion in the fenced areas.  However, at the fording areas, streambank erosion was still significant.  The streams under study flowed primarily over bedrock, having little sediment deposition from upstream sources, meaning that the streambanks could not be quickly “healed” by incoming sediment.  The authors concluded that the best management practices of managing stocking density and fencing cattle away from streams would not entirely protect the streams (unless fencing was complete, allowing no stream access at all).  Recovery of streambanks leading to reduction of erosion could require years,  or stream restoration, for these streams (Agouridis et al., 2005).
Soil and Water Conservation and Soil Physical Properties

LS88-7.  Low-input reduced tillage crop production system for the southern United States (Hargrove, 1991b).  Georgia

This project tested three levels of tillage (no-till, chisel-disk, and moldboard-disk), three levels of fertilizers (0, 83, and 166 kg N ha-1), and three levels of weed control (none, postemergence, and prophylactics plus postemergence) for corn and soybean production (Hargrove and Ford, 1990). The soil was a sandy clay loam.  Corn with no-tillage and intermediate levels of fertilizer and weed control yielded as well as corn with conventional tillage and high levels of fertilizer and weed control (Hargrove and Ford, 1990).  When grain sorghum was planted into winter wheat, after 1.5 yr, the no-tilled soil had significantly greater bulk density, lower saturated hydraulic conductivity, and held more water at the 2.5 to 10 cm depth than the other two soils.  After 4 yr, the no-tilled soil had greater density and lower saturated hydraulic conductivity even at the 15 to 38 cm depth, and had greater soil moisture retention at depths lower than 30 cm.  The no-tilled soil also had greater infiltration and less surface runoff than the other soils (Hubbard et al., 1994).  Crops were higher yielding on the no-tilled soil, probably due to increased water availability. 

LS89-12.  Enhancing farmer adoption and refining of a low input intercropping soybean-wheat system (Buehring, 1992).  Mississippi.  

Researchers developed a soybean-wheat system in which soybeans were relay-planted into standing rows of wheat spaced 15 to 16 inches apart, at the medium soft dough stage of wheat (about May 20), or were planted into killed wheat stubble in late June.  Both relay planting and planting into stubble reduced erosion 25 to 40% compared to monocrop conventional tillage. Monocrop wheat planted in 7-inch rows produced about 13% higher yield than wheat in 16-inch rows with appropriate tractor wheel skips, but the effect was not consistent between years (Buehring et al., 1990). Tractor wheel skip tracks of 28 and 32 inches were somewhat preferable to 24-inch skips which were too narrow and some wheat was tracked down (Blaine et al., 1988).  Wheat row spacing itself had no effect on wheat yields, and neither did soybeans themselves; yield effects were due to row skips and tracking down a certain amount of wheat when relay planting (Buehring et al., 1990a).  Relay-planted soybeans could yield significantly more than soybeans planted into killed wheat stubble in late June, possibly due to higher available moisture earlier in the season (Buehring et al., 1990b).   

LS92-47.  Farm scale evaluation of alternative cotton production systems (Lyle, 1995).  (Cross reference:  Fertilizers)

In the arid high plains, soil and water conservation are primary concerns in developing cropping systems.  Several cotton production rotations were compared, including continuous conventional till cotton, continuous minimum till cotton, wheat-cotton, dryland “terminated” wheat-cotton, sorghum-cotton, and cotton-fallow-wheat.  Irrigation rates were 0 ET (dryland), 0.5 ET, 0.75 ET, 1.0 ET, and 1.25 ET, from very deficient to over-irrigated.  Minimum and conservation tillage systems produced higher cotton yields than conventional tillage while using 25 to 35% less water. At every water level, the LEPA (Low Energy Precision Application) irrigation system resulted in higher yield than the conventional spray irrigation system continuous cotton, the only system for which this comparison was made. Rotation with any other crop increased cotton yield at every water level except dryland. In dryland production, the wheat-cotton system produced more than double the yield of conventional monoculture cotton, and yielded more than the other systems (553 kg lint acre-1) followed by cotton-fallow-wheat (490 lbs acre-1).  The other dryland systems were far below these two.  The wheat-cotton system produced the highest cotton yields at every water level. Certainly, decreased wind and water erosion were benefits of conservation tillage. 

LS95-72.  Agronomic and economic benefits of intercropping bean with banana (Li, 1998).  Puerto Rico.  (Cross reference:  Cover crops)

Banana is an important cash crop in Puerto Rico, but it has a long growing period (14 to 18 months).  Cash intercrops could raise farm incomes. Furthermore, banana is often grown on very steep slopes vulnerable to erosion; intercrops could contribute to soil conservation.  On a field with a 30% slope, bananas were no-till planted in November, January, March, and May. Green-shelled beans were no-till interplanted either once at banana planting, or at banana planting plus a second planting immediately after the first bean harvest. Bean and banana monocultures were also planted for economic comparisons.  Soil loss as estimated by RUSLE was far greater in bean intercrop plots than banana monoculture plots (more than 26 Mt soil loss ha-1 yr-1 vs 1.8 Mt ha-1 yr-1) .  This was due to loss of plant cover (less grass) and to greater soil disturbance in bean plots, even though no-till was used. However, intercropping of beans did increase income by $3000 ha-1.  The authors suggested the need for more permanent soil conservation measures such as terracing to take safe advantage of the greater income potential (Li, 1998).  

LS96-73.  Soil conservation and pest management impacts of grass hedges (Dabney, 2000).  Mississippi.

Grass hedges can reduce erosion significantly and are appropriate where terraces cannot be constructed or in situations where no-till is not feasible (e.g., organic farming).  Narrow strips of tall, stiff, erect-growing grass such as switchgrass reduced sediment leaving fields by over 75% (also improving water quality).  Over time, tillage between strips moved enough soil into the strips to create small berms, and on sloping fields even produced gradual bench terraces.  Computer modelling programs RUSLE2 and WEPP indicated that within 10 yr, grass strips could produce slope changes that reduced erosion rates by an additional 30 to 50%. Mowing or burning reduced hedge effectiveness by removing old stems; because hedge resistance to runoff is proportional to stem diameter, large stems and leftover stems from the previous year contribute significantly to runoff prevention.  However, very tall switchgrass may shade adjacent crop rows, reducing yield; choosing a shorter, but thick-stemmed, variety is more efficient. One- and two-row hedges are as effective as three- and four-row hedges while taking up less space (Becker, 2001). Hedges must be planted perpendicular to flow and must be placed to avoid overtopping by flow.  Overtopping damages the stand (Temple and Dabney, 2001), but mowing to removed damaged stems can encourage recovery (Becker, 2001).  Switchgrass remained effective in water ponded up to 45 cm (Temple and Dabney, 2001).  Hedges could create local wet spots, which were solved by burying porous drain tile under the drainageway for 30 m upslope of the hedge (Dabney, 2000).

Soil Quality

LS91-32.  Producing vegetables in the South using low-input sustainable techniques:  Collection and analysis of a database (Peet, 1994).  North Carolina.

This project assembled an extensive manual for vegetable production, drawing on nationwide expertise.  Main topics covered include soil quality, integrated pest management, and profiles of several popular crops.  In the soil quality section, topics include cover crops and living mulches, managing soil physical characteristics, soil biology, soil fertility, organic matter, and conservation tillage.  The information is general in scope, with some details about topics such as particular cover crops or fertilizers given in tables.  The information is practical in nature.  No topic is completely in-depth, since this guide is intended to be a wide-ranging introduction to vegetable production practices.  The guide includes extensive bibliographies and resource lists.  An online version can be found at http://www.cals.ncsu.edu/sustainable/peet/.

LS91-37.  Low-input crop and livestock systems for the Southeastern United States (Fontenot, 1995).  Virginia.

This systems research project compared a conventional crop-livestock system with a system including crop rotations and grass-legume pastures to produce slaughter cattle.  The conventional system used fertilized tall fescue and tall fescue-red clover pastures for grazing, along with corn for silage and alfalfa for hay, rotated every 5 yr.  The alternative system used rotationally grazed fescue-alfalfa pastures, and a crop rotation consisting of alfalfa for 2 yr, corn, and wheat-millet.  Millet and alfalfa were cut for hay or grazed as needed.  Appropriate fertilizers and pesticides were used in both systems.  Manure from finishing steers was returned to cropland in each system.  Cattle in the alternative system were supplemented with poultry litter in their feed, which increased nutrient concentration in manure.  By the end of the first full year, soils in conventional corn plots had lower soil pH, possibly due to acidifying effects of N fertilizers.  No differences in pasture soils were noticeable in the first 4 yr of the experiment.  Manure additions in both systems seemed to maintain soil C and N content similarly.  However, the conventional system required approximately twice the N fertilizer as the alternative system, and over time, alternative system’s P requirement decreased to about half that of the conventional system as well.  In 1994, conventional corn switched to land that had been in alfalfa; between the N residue from alfalfa and manure from finishing cattle, no supplemental N was used for conventional corn in that year (Fontenot, 1995).  

Cover crop mulches were instrumental in conserving soil moisture, with rye conserving more than vetch, probably due to slower decomposition of the rye (Sullivan, 1990).  However, the rye cover crop resulted in N-deficiency for corn.  Corn following a mixture of hairy and bigflower vetch yielded similarly to corn grown without a legume cover crop but with 140 kg N ha-1.  The authors suggest using a mixed rye-vetch cover crop for earliest fall cover, and supplementing N fertilizer as appropriate (Luna et al., 1991).  Rye-vetch also produced significantly more biomass than other cover crops, meaning that if extra forage were needed, rye-vetch might supply it (Luna et al., 1991).  However, in the southwestern Virginia environment, rye was more competitive than vetch and attaining an equal mix of these cover crop was difficult (Vaughan, 1994).  When managing rye-vetch cover crops prior to no-till corn planting, time of kill by either chemical desiccation or mowing was important.  Earlier kill enhanced plant available N, soil moisture, and corn yield.  Also, soil N under cover crops was concentrated in the top 15 cm soil depth, and the pre-sidedress nitrate test was adequate to guide fertilizer application when cover crops were the main source of N.  Peak soil N concentrations under both early and late cover crop kill coincided with the 4 to 5 leaf stage of corn, possibly indicating that heat units were  more influential in N mineralization than cover crop management.  Mowing was preferable to chemical desiccation for soil moisture conservation and N release (Vaughan, 1994).  An alternative to mowing or chemical kill of cover crops is spring grazing prior to no-till corn planting, especially when converting from a perennial such as alfalfa to corn; however, care must be taken that animals do not compact soil by grazing in wet conditions (Morris, 1993).  Machine activities in managing cover crops can also have soil effects (Ess, 1994).  Cover crops interact with machine activities to affect bulk density, capillary and non-capillary porosity, and saturated hydraulic conductivity.  At least under the soil conditions present for this study, the effect was limited to less than 15 cm soil depth.  Leaving cover crops intact on the surface by chemical desiccation protects soil the most from machine-induced compaction (Ess, 1994).  The choice of how to manage a cover crop properly is a subtle, multifaceted question, depending greatly upon the purposes for which cover crops are grown.

Rotational grazing was a focus of this study.  One sub-project carried out on a cooperating farm investigated the water quality effects of supplying alternative water sources than a stream to cattle (Sheffield, 1996).  Cattle preferred to drink at the trough and they spent less time in the water for reasons other than drinking (cooling, loafing), resulting in 76% decrease in streambank erosion.  Water quality also improved, by decreases in total suspended solids (90%), total N (54%), NH4-N (70%), sediment-bound N (68%), total P (81%), and sediment-bound P (75%) (Sheffield, 1996).  Fecal coliforms and fecal streptococci also decreased by 51 and 77%.  Fencing the riparian area to exclude cattle was not necessary if an alternative water source was provided (Sheffield, 1996).

This project continued until 1998, meaning that one full crop rotation was completed.  Final soil samples were not obtained.  

LS94-58.  Post-CRP land management and sustainable production alternatives for highly erodible lands in the Southern Great Plains (Dao, 1997).  Oklahoma.  

Highly erodible land in the Conservation Reserve Program (CRP) was planted to perennial sods for at least 10 yr before returning to grazing and forage production or crop production. Returning CRP land to crop or forage production is challenging, given the need to maintain soil conservation benefits of CRP while achieving acceptable crop yields.  

From 1994 to 1997, field-scale comparisons of management systems for old world bluestem (OWB), conservation and no-till wheat, and conservation till cotton were made to evaluate productivity and soil conservation benefits at 2 sites, one with 450 mm annual rainfall and the other with 750 mm annual rainfall.  No-till wheat did not result in higher runoff water volumes than undisturbed CRP or grass regrowth after burning. Unmanaged OWB had as high a runoff rate as conventional till wheat, but soil loss was lower.  Managed OWB and no-till wheat had comparable runoff and soil loss rates.  Disk-tillage increased soil erosion by 3 to 4 times, although this rate was not considered excessive (Dao, 1997).

For forage or grazing purposes, removing OWB old growth and fertilizing OWB at rates of 67 kg N ha-1 and 16.5 kg P ha-1 increased forage yields by 70 to 290% depending upon rainfall (severely unfavorable weather resulted in no response to fertilizer) (Dao et al., 2000).  If land was returned to crops, removing old OWB growth enhanced chemical kill of new growth for establishment of crops (Dao et al., 2000).  Prescribed burning was the most cost-effective method of removing old growth (Redmon and Stiegler, 1997). Glyphosate was not effective in killing old sod, but moldboard plowing was.  A large V-blade plow was effective in sandy soils but could not be used in fine-textured soils (Stiegler et al., 1995).  Glyphosate was effective in killing new growth (Stiegler et al., 1996).

The authors recommended that the timeline allowed for suppression of a warm-season grass sod in CRP land should be earlier than 90 d before the contract expiration if soil erosion control measures were in place, otherwise a year of crop production could be lost or compromised (Dao et al., 1995).  Warm season grasses had to be suppressed in time to store soil water for a subsequent winter wheat crop in the expiration year. Early chemical suppression of OWB was necessary for early emergence and wheat growth.  If old growth was removed and new growth suppressed, no-till wheat yielded 10 to 35% higher than conventional till wheat following CRP, due to soil water storage (Dao et al., 2000).  If old sod was not removed, wheat yields were highest with conventional till. Wheat received 34 kg N ha-1 at the low rainfall location and a total of 134 kg N ha-1 at the higher rainfall location.  Wheat yields ranged from 490 to 1002 kg ha-1 at the low rainfall and 600 to 1590 kg ha-1 at the higher rainfall location, depending upon weather; drought and late freezes were responsible for the lower yields at each location.  Dryland cotton was not successful even with supplemental fertility due to unfavorable weather across the state in the year that it was planted (Dao et al., 2000).

Long term perennial sod affected soil C and N. One goal of CRP was to create C-sinks for atmospheric C; ideally, returning CRP to crop production should release as little stored C into the atmosphere as possible.  A 7- or 8-yr old world bluestem (OWB) cover increased potentially mineralizable C (PMC), especially in the 0-10 cm depth (Dao et al., 2002). Shifting from OWB to wheat by either no-till or conventional till  increased soil PMC in the short term.  The PMC was increased from 23 to 73% depending upon soil type and tillage regime, with conventional till increasing PMC more than no-till due to aeration enhancing decomposition of sod and the shifting of resident, non-labile soil C to the labile pool. No-till minimized the movement of carbonate C to the surface, reducing potential loss by volatilization to CO2 (Dao et al., 2002). Long-term OWB stands resulted in negative potentially mineralizable N (PMN); fertility amendment was required before these lands were returned to crop production.  Any type of management (conventional till, no till, or fertilization of OWB) increased PMN (Dao et al., 2002). 

LS95-70.  Effects of organic and chemical fertility inputs on soil quality in limited resource vegetable farms (Evanylo, 1998).  Virginia, North Carolina.

This project investigated the influence of various conventional and alternative soil management practices on soil quality on conventional and organic vegetable farms.  Organic farmers used composted yard waste along with composted or uncomposted cattle manure, while conventional farmers used composted cotton gin trash.  Commercial fertilizers were also tested on all farms (it was unclear if this research decision impacted the organic farms’ organic status).  Farmers grew sweet corn, melon, or tomato as summer crops.  Organic amendments were applied based on an estimated first year N-mineralization rate of 15% for compost and 35% for manure.  Compost and manure rates ranged from 8.7 Mg ha-1 (uncomposted beef manure), 19.9 Mg ha-1 (composted yardwaste), 28 Mg ha-1 (composted hay/manure) to 33.6 Mg ha-1 (composted cotton trash) on individual farms. Additional N was supplied by cover crops of hairy vetch plus rye, or spring oats.  Commercial fertilizers were used according to soil test recommendations, resulting in rates of 101 to 157 kg N ha-1, 0 to 112 kg P ha‑1, and 0 to 187 kg K ha-1 (Bulluck et al., 2002). Several physical, chemical, and biological soil parameters were measured periodically for 2 yr.

In the on-farm trials, populations of all soil microorganisms differed by season, as many researchers have found.  Soil management history influenced microbial population regardless of amendment type; organic farms had populations of Trichoderma and Gliocladium (beneficial antipathogenic fungi) and total fungal populations twice as high as conventional fields.  In addition, on all farms, organic soil amendments increased the occurrence of these beneficial soil micro-organisms and decreased the occurrence of plant pathogens such as Pythium and Phytophthora. Southern blight incidence was 67% in fertilized plots and reached a maximum of 17.5% in plots with organic amendments (Evanylo, 1998).  This aspect of soil quality was improved by addition of organic matter, regardless of previous farm history (Bulluck et al., 2002).  

Historically organic farm soil had higher P than conventional soils (901 vs 357 ppm), higher CEC (9.91 vs 4.11 cmol kg-1) and higher tomato yields (16.9 vs 7.1 tons acre-1) (Evanylo, 1998).  

Organically farmed field with commercial fertilizer had much higher NO3-N concentrations than organically amended fields (24.4 vs 51.5 ppm NO3-N); the difference was much less for conventionally farmed fields (12.0 vs 19.9 ppm NO3-N) (Evanylo, 1998).  Regardless of management history, organic amendments improved soil fertility compared to fertilizers.  Organic matter was higher in organically amended plots (2.83 vs 2.00 %), as was total C (1.90 vs 1.17 %), and CEC (7.97 vs 6.05 cmol kg-1) (Bulluck et al., 2002). 

At the end of the study, soil bulk density was lower in fields with organic amendments (1.10 vs 1.17 g cm-3) (Bulluck et al., 2002), a surprising result because bulk density is usually not quickly responsive to management.  On organic farms, soils that received organic amendments had higher plant available water than soils that were fertilized; on the conventional farms, treatment did not affect plant available water.  However, regardless of amendment type, organically farmed soils had almost twice as much plant available water as conventionally farmed soils (10.5% vs 5.85 %) (Evanylo, 1998).  

Soil changes occurred within 2 seasons, less time than the expected 3 to 5 seasons, indicating that organic amendments might produce changes more quickly than previously believed (Evanylo, 1998). However, despite improvements in soil quality properties, organic amendments did not result in increased yields on any farm (Brosius, 1998; Evanylo, 1998).  

LS97-82 and LS02-131. Sustainable crop/livestock systems in the Texas High Plains (Allen, 2003).  Texas.

This ongoing large, landscape-scale systems project investigates the integration of perennial pasture, small grains, and cotton in rotation for profitable production in the flat but wind-erodible soils of the Southern High Plains (Brown, 2002).  The project compares a drip-irrigated continuous cotton system and an integrated crop-livestock system with old world bluestem pasture plus a rotation of drip-irrigated wheat-fallow-rye-cotton that provides intermittent grazing opportunities.  In any given year, cotton accounts for 23.2% of the land in the alternative system and 100% of the land in the cotton monoculture system.  Per hectare, the rotational system uses 23% less water than continuous cotton, while providing superior profitability.  The better total water use efficiency in the alternative system was due to having half the land in perennial grass pasture, adapted to the area.  Bluestem species differed in their water use efficiency and yield with Bothriochloa caucasia more efficient than B. ischaemum; B. caucasia and B. bladhii outyielding B. ischaemum by about 30% (Phillips, 2004).  The cotton component of the alternative system used more water than continuous cotton (516 vs 419 mm respectively), probably due in part to overwatering and partly to lack of precise placement of seed while no-tilling into small grain residue.  Similarly, N fertilizer applied to the cotton component in the alternative system was almost equal to fertilizer applied to monoculture cotton, but the total alternative system used 40% less N fertilizer while providing superior profitability (Allen et al., 2005). Phosphorus levels in soil varied considerably depending upon crop, date of sampling, and soil depth; in general continuous cotton had the lowest soil P from 0-15 cm (Collins, 2003).

Other benefits of the alternative system included plant protection from the elements and erosion control.  No-tillage of cotton into rye residue provided protection against hail that continuous cotton planted into raised beds did not have (Allen et al., 2005).  Erosion potential estimated by the Universal Wind Erosion Equation exceeded 10 Mg ha-1 yr-1 for continuous cotton but was less than 7 Mg ha-1 yr-1 for the cotton component of the alternative system.  Predicted soil loss from pastures was less than 0.5 Mg ha yr-1 (Collins, 2003).

After 5 yr, bulk density was greater in the integrated system than in continuous cotton due to no-till and animal compaction, but aggregate stability was higher in perennial pasture than in the continuous cotton.  There were some measurable differences in biological soil quality between the systems.  Total soil N was similar between the systems (1.0 g kg-1), as was pH (>8.1).  Organic C was higher in perennial pasture than in continuous cotton soils (13.5 vs 9.0 g kg-1) at the 0 to 5 cm depth.  Soil microbial C was greatest under the rye cotton rotation (237 mg kg-1 soil), followed by perennial pasture (193 mg kg-1) and continuous cotton (124 mg kg-1); and microbial N had a similar pattern.  Enzyme activities were affected by sampling date, as expected, and were higher in the 0-5 cm depth than in the deeper soil, also as expected.  Differences among systems occurred only at the 0-5 cm depth.  ß-glucosidase and ß-glucosaminidase were greater in perennial pasture and in the wheat and rye components of the rotation compared to continuous cotton; arylsulfatase was generally greater in the alternative system.  Fatty acid methyl ester profiles showed that soil microbial community profiles differed among perennial pasture, the rotational crops system, and continuous cotton.  In perennial pasture, fungi indicators showed greater abundance than bacteria indicators (Acosta-Martínez et al., 2004). 

Within the main systems project, sub-projects have taken place.  In one such smaller project, alternatives to old world bluestem were investigated.  Yield efficiency for bromegrass (Bromus stamineus Devr.) and matua prairiegrass (Bromus willdenowii Kunth) was highest at 50 kg N ha-1, split over 5 applications, but soil pH decreased in response to this N rate (Missaoui et al., 2002a, 2002b). The authors suggested that several applications of N at a low rate were necessary for the greatest N-use efficiency, lowest potential for NO3-N pollution, and NO3 toxicity of forage.

LS98-094, LS00-110, and LS01-120.  A model for long-term, large-scale systems research directed toward agricultural sustainability (Mueller, 2002; Mueller, 2003; Mueller, 2004).  The impact of agricultural systems on soil quality and sustainability (Barbercheck, 2003).  North Carolina.

This project implemented five different production systems (no-till conventional, tilled conventional, successional, organic, integrated crop-animal, forestry/woodlot) and began to investigate each system for a wide variety of characteristics including soil quality parameters.  Baseline soil sampling occurred in March 1999.  Sampling sites were geo-referenced and returned to for all subsequent sampling.  Physical, chemical, and biological characteristics were measured in May, July, and September in 2001, 2002, and 2003 (Barbercheck, 2003; Bell, 2002). Sampling date caused differences unrelated to systems effects, but over time, systems differences began to be expressed.  Soil sampling continues as of the time of this writing.

Bulk density was lowest in the organic system, which relies on cultivation for weed control; and was highest in the crop/animal system, which was compacted by grazing activity.  In general, there were no differences among systems for field capacity, hydraulic conductivity, plant-available water retention, and soil microporosity. Soil total porosity followed similar trends as bulk density.  Changes in total porosity probably resulted from (non-significant) changes in macroporosity (Barbercheck, 2003). Saturated hydraulic conductivity, water retention, field capacity, and macro- and micro-porosity did not differ among systems. Water infiltration was greatest in the organic system, probably due to the reliance on cultivation for weed control. (Barbercheck, 2003; Mueller, 2003; Mueller, 2004).  
Greater CO2 evolution (kg C ha-1 d-1) occurred in spring rather than fall in all systems. The no-till system had greater CO2 evolution than the conventional till system in both spring and fall, but the difference was much greater in spring (490 vs 240 kg C ha-1 d-1 in spring and 444 vs 376 kg C ha-1 d-1 in fall) (Barbercheck, 2003).  The pasture system was similar to the no-till system, and the other systems (organic, agroforestry, and successional) had yearly averages from 240 to 319 kg C ha-1 d-1 (Mueller, 2004).  

Grasses were effective in reducing soluble N in soil. Although no chemical N fertilizer was applied, organic soils sustained available N supply over the growing season.  Available and potentially available N were lower in grassland, forest and successional systems than in conventional or organic systems, while C was more available in grassland and organic soils.  While microbial activities were highest in pasture soils, high C and low N availability in pastures led to higher microbial biomass C:N ratios and lower N mineralization rates, suggesting a shift of microbial community composition.  Preliminary data showed that organic and grassland soils had higher microbial functional diversity than conventional agricultural soils (Mueller, 2003; Mueller, 2004).  The microbial community functional diversity in conventional soils was clearly distinct from other ecosystems (Mueller, 2003).  

Beneficial nematodes were greater in the organic treatment than the conventional treatment.  Predatory nematodes (for bacteria and fungi) were greatest in the woodland and the successional treatments.  One species of entomopathic (insect parasitic) nematodes was greater in the no-till and treatment than the organic and conventional till treatments, probably due to lack of disruption by tillage; a second species was greater in tilled ground (Millar and Barbercheck, 2002).  Cumulative abundance of soil micro-arthropods was higher in the organic, successional, and no-till treatments than in the conventional, pasture or woodland treatments.  Soil mites were the most common arthropod (Barbercheck, 2003).

Soil organism counts investigated the relationship of management-sensitive physical measurements or other soil characteristics with organism abundance. The insect-parasitic nematode, Steinernema carpocapsae, was more abundant in systems with higher bulk density, except the pasture system, probably due to the organism’s sensitivity to tillage (Millar and Barbercheck, 2002). Macroarthropods appeared more abundant in systems tending toward higher bulk density and lower macroporosity, especially the successional, pasture and woodlot systems. Other arthropods tended to be associated with soil properties differing with soil type, not management. Collembola were more abundant in soils with low microporosity, irrespective of management. The insect-parasitic nematode S. glaseri was also associated with low microporosity and low soil moisture unrelated to management effects (Mueller, 2004).  
A spin-off of the main project investigated the production and use of compost and vermicompost (McClintock, 2004).  When composting straw and swine waste for at least 13 weeks, chopping straw conferred no advantage in terms of C:N ratio.  Worms could not degrade straw at all.  Experiments to investigate the interaction of compost and crimson clover cover crops showed that compost, clover, and compost+clover were equal in producing sweet corn height and biomass at 5 weeks after planting, but total yield of compost-only plots were 22% less than clover, while marketable yield was 20 to 31% less than clover, clover+compost, or treatments with soy meal to add N.  Release of plant available nitrogen from decomposing clover (C:N 11.1) may have been slower than from compost (C:N 8.1) or  soymeal (C:N 6.2), coinciding with the period of maximum uptake by corn plants.  In a lab incubation, inorganic N in the clover+compost treatments was greater than the sum of inorganic N in clover and compost treatments, suggesting a priming effect likely masked by soymeal in the field  experiment.  In short, clover was a better N source for sweet corn than compost for Piedmont soils (McClintock, 2004).

Another sub-project investigated sorghum sudangrass as a summer cover and hay crop for organic fall cabbage production.  Removal of sorghum sudangrass biomass as hay did not affect total cover crop biomass or weed suppressive qualities. No-till mulch of sorghum sudangrass, generated by mowing less frequently, resulted in broadleaf weed control in cabbage similar to that achieved with conventional tillage. However, re-growing sorghum sudangrass was seriously detrimental to the fall cabbage yield.  Growers can manage sorghum sudangrass as both a summer cover crop and hay crop, but probably not in conjunction with fall cabbage production (Mueller, 2004).

Yet a third sub-project investigated the ability of different rye cultivars to scavenge N from the soil during winter (Reberg-Horton, 2002).  Late maturity was an advantage in producing allelopathic properties for weed control, but a disadvantage in recovering N.  Late maturing cultivars produced less shoot biomass in early spring, reducing N uptake in that season.  By late spring, these cultivars had equivalent biomass to other cultivars, but N had already leached below the root zone. Root biomass was correlated with N-uptake; the author suggested the development of cultivars with comparatively higher root biomass than shoot biomass.  However, differences among cultivars tested were minor, and all rye cultivars recovered much more N than fallow plots with volunteer weed populations (Reberg-Horton, 2002).  

The main systems project is ongoing, with many subprojects.

LS01-123.  Crop/livestock integration:  Restoring a traditional paradigm in contemporary agricultural research, outreach, and practice (Rhoads, 2003).  Multistate.

This event brought many scientists together to share information on using crops and livestock in intimately related systems.  Topics were wide ranging.  Some findings included the impact of forages and grazing on soil quality, the impact of rotations and sod-breaking on soil and water quality, the feasibility of no-tilling row crops into existing sod for soil conservation benefits, and the use of biosolids for pasture fertilization.  Brief results of the projects most relevant to this review follow.

Forages added organic matter to soil, minimizing compaction due to animals.  The return of feces and urine to the soil surface with grazing helped to sequester soil organic C and N, and grazing encouraged soil microbial biomass and potential activity (Franzluebbers and Stuedemann, 2003).  Red clover-wheat-corn-soybean to replace continuous corn provided the greatest corn yield, highest earthworm population densities, highest infiltration rates, and highest profitability compared to other rotations, and could be adapted to both moldboard and chisel tillage (Katsvairo et al., 2003).  A second related study found that N leaching after plowdown of alfalfa on clay loam and fescue on loamy sand soils was high (>18 ppm NO3-N) on both soil types  in the first year of sod plowdown, showing that transitions from sod to corn may pose short-term water quality concerns, especially when sod N release occurs out of synchrony with corn N uptake (Katsvairo et al., 2003).  Row crops could be successfully be no-tilled into existing sod such as pastures in need of renovation.  Crop responses varied due to soil type, location, fertilizer management, but corn, grain sorghum and soybean were grown successfully and profitably in this way (Gallaher et al., 2003). Lime-stabilized biosolids applied to pastures at agronomic N rates for 3 yr increased soil  organic matter from 33-56% and supplied residual N without affecting groundwater.  Supplemental K and Mn were needed to optimize yields (Adjei and Rechcigl, 2003).

A companion event identified barriers to the research and adoption of integrated systems, and proposed new research projects.  Barriers included disciplinary separation, funding difficulties, the disappearance of fences, and land tenancy requirements to grow crops rather than use animals.  Research needs identified included the assessment of negative interactions in rotations (e.g., pests and allelopathy), nutrient cycling in rotations, economic opportunities, and various aspects of multi-animal-species management.

Review of Soil-Water SSARE Projects

1988-2003

Conclusion

The conclusion presented here represents the considered opinions of the primary author of this review.  This conclusion has not been peer reviewed.

The SSARE soil and water projects have contributed an extensive array of practical knowledge for farmers in the Southern region.  Projects seem to be generally one of two kinds:  those that create new systems and those that nudge existing systems toward sustainability.  

Some broadly applicable principles of sustainability have been identified, such as the principle that keeping soil covered with vegetation or crop residue and reducing disturbance by tillage will reduce soil erosion.  This is a long-known and broadly applicable principle of sustainability that several SSARE projects showed is also beneficial for crop yields and profitability.  But in the arid Texas High Plains, the current local agricultural environment will not accommodate this principle.  Monoculture cotton is a deeply entrenched cash crop.  In this system, water availability for cotton must take precedence over almost any other consideration – growing cover crops and keeping residue on the soil surface both reduce the available water for cotton.  The soil is left bare, vulnerable to erosion and loss of organic matter.  An extensive, long-term SSARE project is literally creating and perfecting a new system that can accommodate the principle of sustainability, to replace the monoculture cotton system.

Unfortunately very few projects can take on such enormous challenges, in part because rarely are the challenges so clear.  Furthermore, most SSARE projects are limited by available resources.  Instead of creating whole new systems, they encourage incremental steps toward sustainability by optimizing existing systems.  Research that finds appropriate rates of manure application, tests agricultural by-products for soil amendments, puts together novel crop combinations, or evaluates the usefulness of plastic or paper mulch is of this type.  Extremely site specific and material specific work is absolutely necessary to help farms and localities in various ecological situations to approach sustainability.  And the work is unending.  Researchers could try new materials and new crop combinations in new environments almost forever.  

The circle of farmers and non-researchers in involved in research and communication needs to grow.  The SSARE farmer research projects that already exist serve a vital purpose, but they require a time-intensive relationship between farmers and researchers that only a very few people can engage in.  A dialogue among researchers in various areas to come up with a protocol for dealing with anecdotal work might empower farmers and non-researchers to participate more easily in the expansion of knowledge, while not promulgating errors or myths.

SSARE’s challenge is to help engage more people in “tinkering” to nudge existing systems toward sustainability, while using the power of large systems projects to create new systems that are more inherently sustainable than old systems.  
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