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ABSTRACT
An extensive compilation and review of research literature on the effectiveness of agricultural best management practices (BMPs) produced
three specific products: databases, annotated bibliographies, and brief
reports about BMPs. The databases contain citation, keywords, and a
summary of the article or report and can be searched to locate sources
addressing particular aspects of BMP research. An annotated bibliography provides a quick reference and review of many of the citations
contained in the BMP literature database. The third component of this
project is a brief report in which the current knowledge on specific
BMPs, the state-of-the-art assessments on the effectiveness of BMPs in
terms of improved water quality and resource conservation, the factors
affecting BMP adoption and implementation, and current research
needs are summarized and reviewed. The focus of all components is on
BMPs and BMP research applicable to Virginia.
A systems approach to BMP implementation must consider agricultural
management, soil conservation, surface and groundwater quality, efficient crop production, farming system needs and constraints, and socioeconomic factors. Continuing research needs include 1) monitoring studies to provide information for characterizing systems and improving
management and to support modeling needs and 2) model development
and validation to improve management and assessment tools. Important
topics requiring additional research in Virginia are supplying crop nutrient needs efficiently, fate and transport of nutrients and pesticides
through the soil to groundwater, and pollutant transport from field to
stream.
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I. INTRODUCTION
According to William Reilly, Administrator of the U.S. Environmental
Protection Agency, not controlling nonpoint source (NPS) pollution is
the largest area of failure in U.S. environmental policy. Today just 9% of
stream pollution comes from industrial point sources while approximately 65% is attributed to nonpoint sources, primarily agriculture
(Easterbrook, 1989). Nonpoint agricultural pollutants include sediment,
chemicals (nutrients and pesticides), organic constituents, and bacteria.
To solve the nation's water quality problems, local, state, and federal
pollution control efforts are shifting to ward NPS pollution control.
Because of the diffuse nature of NPS pollution, control efforts are
directed toward reducing pollutant generation at its source through better land management and the use of Best Management Practices
(BMPs). A BMP is "a practice or combination of practices that are
determined by a state or designated areawide planning agency to be the
most effective and practicable (including technological, economic, and
institutional considerations) means of controlling point and nonpoint
pollutants at levels compatible with environmental quality goals"
(SWCS, 1982). BMPs are intended to minimize the negative environmental consequences of various landuse activities while maintaining
the productivity or use of the land. Examples of agricultural BMPs
include conservation tillage, integrated pest management, and nutrient
management. Each of these practices have the potential for reducing
off-site pollution from sediment and agricultural chemicals.
An extensive amount of research has examined the effectiveness of
BMPs in reducing NPS pollution from agricultural activities. However,
research studies can examine only a few variables at a time, focusing
on one component or aspect of the larger system. Thus, information
tends to be widely dispersed and not uniformly applicable to a given
situation. Transferring the knowledge gained through research into a
practical application program is complicated because of the problem of
moving from a simplified research problem definition into a multiobjective decision-making environment. Thus, many studies help identify the "best" practice based on off-site water quality or on-site
resource benefits, but do not address the economic, social, and management issues that ultimately shape a farm operator's decisions. A
realistic program for BMP implementation cannot be developed without
a holistic assessment of BMP effectiveness and impacts including
environmental, economic, social, and other motivational factors.
While good management practices hold tremendous potential for reducing nonpoint source pollution, BMPs cannot be viewed simply as a
treatment process-as a technical solution to a specific problem. The
implementation and assessment of BMPs must be done within the
framework of the whole farming system.
BMPs must. be consistent and
.

complementary with the objectives and constraints of the entire system.
Tillage and cropping systems, nutrient and animal waste management, ·
irrigation and drainage, pest management, as well as other factors must
be considered together, not independently. Likewise, impacts on surface water quality, groundwater quality, and soil conservation must be
addressed together. Thus, the larger issue is resource management,
specifically, managing for efficient agricultural production and considering farming system needs and constraints as well as socio-economic
factors, while conserving and preserving our natural resources. ·
This report summarizes findings from an extensive review of the
research literature on the effectiveness and impacts of agricultural
BMPs that are applicable to Virginia. Applicability was assessed in
terms of climate, soils, crops, and topography; thus, the majority of the
literature considered was based on research in the East and Midwest of
the U.S. Three specific objectives for this report were: a) to provide in
one source, an assessment of agricultural BMPs, considering their
effectiveness in meeting water quality objectives and their impacts on
economic, social, and other factors; b) to summarize the latest research
and theories on how to assess BMP effectiveness; and c) to identify
research needs in agricultural nonpoint source pollution
control.
In the following sections of this report, we review characteristics of
several important BMPs, discuss techniques for assessing BMP effectiveness, review economic and social factors related to implementation,
and summarize specific research needs in these areas. We begin in
Section II by summarizing current knowledge on the effectiveness,
impacts, and limitations of specific BMPs that are appropriate for Virginia. Section Ill addresses the important issue of how to assess the
effectiveness of BMPs, including both the strengths and limitations of
available techniques. In Section IV, we review research findings on factors affecting the adoption and implementation of BMPs by farm operators, and discuss the implications for increasing BMP adoption in Virginia. Research needs related to increasing our ability to effectively and
efficiently control agricultural nonpoint source pollution are presented
in Section V.
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II. BMP EFFECTIVENESS AND IMPACTS
In this report, the term "effectiveness" refers primarily to the impact of
the BMP on the physical system, assessing whether the BMP accomplishes the desired water quality or resource conservation objective.
The major influences on effectiveness are site characteristics and management factors. Site characteristics include stable parameters such as
soil characteristics and topography, and random variables such as precipitation. Site characteristics can have a major effect on nonpoint
source pollution, but cannot be readily controlled or changed. Management factors include characteristics of the system that can be modified
or controlled and typically address one or more of the major components of the system: pollutant source, fate and transport from the
source area, and transport (delivery) to the receiving surface water or
groundwater.
BMP effectiveness in reducing NPS pollution can be through one or
more of the following processes: a) reducing the volume of the pollutant
carrier (water or sediment), b) reducing pollutant concentrations, and c)
reducing pollutant delivery from the source area to receiving waters.
Management practices that reduce the volume of the carrier include
conservation tillage, contouring, terraces, close growing and cover
crops, and tile drainage. The first four are primarily erosion-control
practices and consequently would be expected to be effective in reducing losses of sediment-bound pollutants. These practices are also effective in reducing surface runoff volumes. Since these practices decrease
surface runoff by increasing infiltration, they have the potential to
increase infiltration and possibly groundwater contamination.
BMPs intended to reduce pollutant concentrations involve the method,
rate, and timing of chemical application, as well as the chemical formulation. The concentration of chemical at the soil surface and, therefore,
the amount available for loss in surface runoff may be reduced by
incorporating the chemical into the soil, reducing application rates, or
applying the chemicals when they are less susceptible to loss. To control subsurface losses, the mass of chemical in the soil profile can be
reduced by decreasing application rate. Availability can be reduced
through better timing of applications and through the use of formulations less susceptible to leaching. Examples of BMPs that reduce pollutant concentrations include integrated pest management and improved
manure and fertilizer management.
The last category of BMPs involves practices that reduce the delivery of
pollutants from source areas to receiving waters. These include practices such as terraces, filter strips, ponds, and riparian zones. These practices reduce NPS pollution by providing localized erosion protection,
retarding surface runoff, and enhancing infiltration. Losses of pollutants in surface runoff is reduced but subsurface transport may be
increased.
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Chemical pollutants of concern with respect to BMPs are transported
primarily in surface runoff in dissolved or sediment-bound forms and in
subsurface drainage in dissolved form. Pollutant loss from land is a
function of the concentration of the pollutant in its carrier, water or
sediment, and the mass of the carrier. Consequently, pollutant losses
can be reduced by either decreasing concentrations, carrier mass, or
both. Unfortunately, reducing carrier mass such as runoff volume may
increase concentrations, and pollutant reductions are often not as great
as would be expected (Baker and Johnson, 1983).
While pollutant movement from the soil or land surface is important in
determining water quality impacts, equally critical is what happens to
pollutants in intervening areas between the source area and downslope
waterbodies. During the transport process, pollutant load can be
reduced by deposition, adsorption, and chemical transformations.
Coarser and denser sediment particles often are deposited when flow
velocities and, consequently, sediment transport capacities are reduced.
Flow velocities can be reduced by the installation of BMPs such as terraces, filter strips, riparian zones, ponds, and other obstructions that
reduce flow velocities. Deposition can result in significant reduction in
sediment losses from the field, but corresponding decreases in chemical losses may not occur because sediment-bound chemicals are usually associated with the fine sediment fraction, which is less susceptible
to deposition. Dissolved chemicals in surface runoff can be removed
from flowing water by adsorption to the soil surface, vegetative uptake,
or by adsorption to sediment that will be deposited before reaching
receiving waters. Another process affecting pollutant losses during
transport is chemical and biological transformations. Pollutants transported in surface runoff (sediment-bound or dissolved forms) do not
usually undergo transformations during transport because of the short
time of transport from the source area to the receiving water. Conversely, pollutants transported via subsurface drainage, ·which has a relatively long transport time, are susceptible to transformations both in the
root zone and in groundwater. Mineralization of organic N, denitrification of nitrate, and degradation of soluble pesticides are important
examples of transformations.
CONSERVATION TILLAGE
Conservation tillage is the fastest growing practice in the history of U.S.
agriculture. It is projected that 50 to 75% of U.S. cropland will be in
conservation tillage by 2010 (Crosson, 1981 ). Conservation tillage is
increasing because, in most cases, it is a cost-effective practice that
reduces production costs, increases yields, conserves moisture, and
maintains the long-term productivity of soils. Conservation tillage is
also one of the best available BMPs for controlling NPS pollution from
agricultural areas.
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Conservation tillage is defined as any tillage or planting system that
leaves at least 30% of the soil surface covered with crop residue after
planting. Major types of conservation tillage include no-till as well as
minimum tillage techniques such as ridge-till, strip-till, and mulch-till.
Conservation tillage affects pollutant transport in surface runoff by
increasing crop residue on the soil surface, decreasing soil erosion and
surface runoff, and reducing incorporation of agricultural chemicals.
Surface residues associated with conservation tillage reduce soil erosion and transport in several ways. First and foremost, crop residue protects the soil from raindrop impact. If raindrops do not hit the soil surface directly, soil particles are not separated from the soil mass and
erosion is greatly reduced. Baker and Laflen (1983) reported that erosion was approximately halved with every 9 to 16% increase in residue
cover. This means that conservation tillage should reduce erosion by 75
to 90% compared to conventional tillage. Results from the rainfall simulator demonstrations conducted on several soils in different regions of
Virginia confirm this estimate (Dillaha et al., 1988d).
Conservation tillage systems also increase infiltration and reduce average annual .runoff volumes by about 25% compared to conventional tillage (Baker ~nd Johnson, 1983). The reduction in runoff would be
expected to reduce the transport of dissolved and sediment-bound
chemicals. Unfortunately, concentrations of dissolved and sedimentbound forms of agricultural chemicals in surface runoff often increase
with conservation tillage due to leaching from crop residue and washoff of surface-applied chemicals. The increase in concentration often
offsets the reduction in runoff volume, with the result that reduction in
pollutant load is unpredictable.
There is considerable uncertainty as to the effect of conservation tillage
on movement of pesticides, nitrates, and other dissolved chemicals to
groundwater. Increased infiltration has led to concern that conservation
tillage may increase the potential for groundwater contamination. One
important unknown is the effect of preferential flow through soil macropores on chemical movement through the vadose zone. Preferential
flow is of concern because it allows surface water to move rapidly
through soil macropores, bypassing the root zone where most biological
and chemical transformations take place. The net effect of preferential
flow is that dissolved chemicals move 2 to 20 times faster than would
be predicted by conventional Darcy flow theory (Bouwer, 1989). In addition, preferential flow may allow supposedly immobile pesticides and
other pollutants to reach groundwater. Research indicates that fields
under conservation tillage have a greater number of macropores than
those under conventional conventional tillage. Tillage destroys the continuity of macropores such as earthworm tunnels and decayed root
channels (Wagenet, 1987; Baker, 1987).
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Most studies have found that pesticide loss in surface runoff is less
with conservation than conventional tillage systems. While 15 to 40%
more pesticides may be applied with conservation tillage than conventional tillage (Hayes, 1982; Crosson et al., 1982), lower runoff volumes
and sediment yield from areas under conservation tillage combine to
reduce total pesticide loss in spite of higher application rates. As with
nutrients, pesticide loss reductions are not as large as sediment and
runoff volume reductions because of the higher concentrations of pesticides in sediment and surface runoff with conservation tillage. Soluble
pesticide losses in surface runoff are often less with conservation tillage because small rains or the first portion of runoff-producing rains
may flush highly-soluble pesticides into the soil profile where they are
not subject to loss in surface runoff (Baker and Johnson, 1983). Further
research is needed for characterizing pesticide fate and transport in
conservation tillage systems.
Effects of Conservation Tillage on Nutrient Transport
The most significant factors affecting nutrient transport from conservation tillage systems involves the placement, timing, and rates of fertilizer applications. The primary goal of conservation tillage is to minimize
the disturbance and incorporation of surface residues. From an agronomic and water quality viewpoint, however, it is desirable to incorporate fertilizers so that they are close to plant roots and away from the
soil surface where they are subject to loss via surface runoff and erosion. Unfortunately, these two goals are often in conflict because current fertilizer incorporation practices also incorporate crop residue.
When fertilizers are broadcast and not incorporated, they concentrate
near the soil surface where they are most susceptible to surface loss. In
contrast, fertilizers are distributed throughout the top several inches of
the soil when incorporated using conventional tillage. Baker and Johnson (1983) reported that conservation tillage resulted in up to a six-fold
increase in sediment-bound nutrient concentrations compared to conventional tillage. In a 5-year study comparing conventional tillage and
no-till corn-soybean rotations, Erbach (1982) found that concentrations
of total phosphorus (P) in the upper 5 cm of the· soil profile were 67%
higher with no-till. Similar results are expected with total nitrogen (N),
except that increased infiltration with conservation tillage will tend to
leach nitrate down into the soil profile.
Concentration of nutrients near the soil surface with conservation tillage has two consequences. First, since the surface soil has higher nutrient levels, the concentration of nutrients in eroded sediment will also
be higher. For example, in the corn-soybean rotation study discussed
above, sediment-associated P loss would decrease with no-till only if
the 67% increase in soil P concentrations were offset by a proportional
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reduction in soil loss. The second consequence of reduced incorporation
of fertilizers is that concentrations of dissolved nutrients in surface
runoff are significantly higher with conservation tillage than conventional tillage because dissolved nutrient concentrations in runoff are
directly proportional to nutrient availability at the soil surface (Baker
and Laflen, 1982). Thus, doubling nutrient concentrations at the soil
surface will approximately double dissolved nutrient concentrations in
runoff. As with sediment-bound nutrients, losses of dissolved nutrients
with conservation tillage will not decrease relative to conventional tillage unless the increased concentrations are offset by larger reductions
in runoff volume.
Increased losses of dissolved nutrients with conservation tillage are
also highly correlated with the timing of fertilizer applications. Losses
increase as the time between application and the first runoff producing
event decreases. Also, with conservation tillage, eroded sediment contains a higher percentage of fine particles. Since fines transport more
nutrients and other chemicals than coarser particles, the sediment loss
from conservation tillage systems is naturally enriched with sedimentbound chemicals. Surface residues also have been identified as a
source of dissolved nutrients in surface runoff (Barisas et al., 1978;
Smith et al., 1974). These researchers concluded that leaching of soluble nutrients from crop residues was a major cause of higher dissolved
nutrient losses with no-till.

Nutrient and Pesticide Management Practices for Conservation
Tillage
Conservation tillage and other BMPs are unlikely to achieve significant
reductions in nutrient and pesticide delivery to waterways unless nutrient and pesticide levels in surface soils can be reduced. Surface application of fertilizers is the most popular but least appropriate method of
fertilization for conservation tillage from both an agronomic and a water
quality viewpoint. Chemical application methods are needed to incorporate agricultural chemicals into the soil with minimal disturbance of the
surface residue. Shallow tillage with knives or disks may be acceptable
with corn residue, but a single disking over soybean residue may reduce
surface cover excessively (Baker and Laflen, 1983). An alternative to
broadcast application is banding, where chemicals are applied in a narrow strip, generally beside or in the crop furrows. Band-applied chemicals may be surface-applied, incorporated, or injected.
A study of band-incorporated P fertilizer found no significant differences
in dissolved P concentrations in runoff from conventional, no-till, and
conservation tillage plots (Mueller et al., 1982). Soluble P losses were
reduced in proportion to the runoff volume reductions achieved by the
different tillage systems. These results support the hypothesis that subsurface application of fertilizers can reduce the concentrations of nut-
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rients in surface runoff and consequently reduce total nutrient losses
relative to losses from conventional tillage.
Morrison (1986) gives an excellent review of machinery for improved
fertilizer application with conservation tillage. Slot injectors for liquid
and dry fertilizers greatly increase fertilizer use efficiency and minimize
losses in surface runoff. Chemical injection via injectors on para plow
blades is also a promising technique. A spoked-wheel point injector has
been developed and tested by Baker et al. (1985). If subsurface application equipment is not available, Morrison (1986) recommends dribble
banding of liquid and solid fertilizers as the best practice for surface
fertilizer application. Dribble banding of liquid fertilizer reduces nutrient
losses in surface runoff because the liquid fertilizer better infiltrates the
soil than when it is distributed uniformly over the soil surface.
Other Impacts of Conservation Tillage
There are some problems associated with conservation tillage, and
other factors must be considered in specific applications. The primary
agronomic constraints to conservation tillage implementation are soils
that require drainage (yields with conservation tillage may be lower),
and situations where weed control is a problem (Crosson, 1981 ). Because of the surface cover, conservation tillage results in lower soil
temperatures in the spring, and a higher soil-water content in general.
These factors may result in delayed germination for some crops. Weed
control may be a problem in a specific field (requiring a tillage/herbicide
regime to bring it under control) or region and with certain crops (Fawcett, 1987). Populations of insects and disease-producing organisms
may be higher than with conventional tillage, requiring higher rates of
pesticide application and/or acceptance of higher crop damage (Phillips
et al., 1980).
Equipment availability, limitations on double-cropping, and other management issues are also factors that will affect implementation of conservation tillage. Typical recommendations that animal waste be incorporated after application must be reconciled with no-till and minimum
tillage objectives (Dressing et al., 1982). Where applicable, good irrigation (and drainage) management must be practiced in conjunction with
conservation tillage to minimize the potential movement of agricultural
chemicals to groundwater (Hallberg, 1986).
It is interesting to note that some of the pioneering work on conservation tillage (and no-till) was done in Virginia (Blevins et al., 1971 ). Early
research at Virginia Tech demonstrated the agronomic and water quality benefits of conservation tillage (Moody et al., 1961; Jones et al.,
1969) and it is not surprising that conservation tillage has broad applicability to Virginia.
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Improving the implementation and effectiveness of conservation tillage
depends largely on developing and gaining widespread adoption · of
equipment and management techniques for applying fertilizer, animal
waste, and pesticides that complement the resource management benefits of conservation tillage. Specific management concerns over suitability for particular farm systems must be addressed on a site-by-site
basis.

VEGETATIVE FILTER STRIPS
Vegetative filter strips (VFSs) are bands of planted or indigenous vegetation, situated between pollutant source areas and receiving waters,
which are intended to remove sediment and other pollutants from surface runoff. VFSs are designed to remove pollutants from surface runoff
after it leaves the field and crosses the VFS on the down-slope boundaries of the field. Consequently, VFSs are more similar to structural practices that remove pollutants from field effluents than to BMPs that
reduce the generation of NPS pollutants within the field.
The major pollutant removal mechanisms associated with VFSs involve
changes in flow hydraulics which enhance the opportunity for the infiltration of runoff and pollutants into the soil, deposition of sediment,
filtration of suspended sediment by vegetation, adsorption on soil and
plant surfaces, and absorption of soluble pollutants by plants. Currently,
there are no accepted methods for VFS design with respect to pollutant
removal. Consequently, VFSs are installed in areas and under conditions in which they are ineffective for pollutant reduction.
Barfield et al. (1979) developed an event-oriented steady state model,
the Kentucky filter-strip model, for determining the sediment filtration
capacity of VFSs. The Kentucky VFS model was extended for unsteady
flow and nonhomogeneous sediment by Hayes et al. (1979), and a graphical solution of the model was developed (Hayes et al., 1982). Trapp!ng efficiencies were reported to be high as long as flow was shallow
and the VFS was not inundated with sediment. But trapping efficiency
decreased dramatically at higher runoff rates which inundated the
media. Hayes and Hairston (1983) used data from VFS field plots to
evaluate the Kentucky model for multiple storm events in Mississippi.
Model predictions agreed well with the measured sediment discharge
values.
Recently, several researchers (Flanagan et al., 1986; Williams and
Nicks, 1988) have attempted to evaluate the effectiveness of VFSs for
erosion control using the CREAMS model (Knisel, 1980). Williams and
Nicks (1988) applied CREAMS to a 1.6 ha watershed in Oklahoma. The
authors concluded that CREAMS was a useful tool for evaluating VFS
effectiveness in reducing sediment yield. This model, like the Kentucky
model, cannot consider the long-term effectiveness of a VFS-CREAMS
does not account for long-term sediment accumulations within the VFS.
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Consequently, CREAMS would be expected to overestimate long-term
sediment trapping. The model also cannot account for concentrated
flow effects. CREAMS does have nutrient transport components, but
the applicability for use with VFSs has not been substantiated.
Nutrient Transport in Vegetative Filter Strips
Doyle et al. (1977) applied dairy manure runoff to VFSs and measured
dissolved nutrient concentrations after passing through 0.5, 1.5, and
4.0 m fescue VFS. Dissolved P was reduced by 9, 8, and 62% after
passage through 0.5, 1.5, and 4.0 m filters, respectively. Nitrate losses
decreased by 0, 57, and 68%, respectively, but ammonia concentrations
increased with increasing VFS length presumably due to the release of
ammonia from decomposing organic N, previously trapped in the VFS.
Young et al. (1980) used a rainfall simulator to study the ability of VFSs
to control pollution from feedlot runoff. Field plots were constructed on
a 4% slope with the upper 13. 7 m in an active feedlot and the lower
27.4 m planted in either orchardgrass or a sorghum-sundangrass mixture. Total runoff, sediment, P, and N were reduced by 81, 66, 88, and
87%, respectively, by the orchardgrass and by 61, 82, 81, and 84%,
respectively, with the sorghum-sundangrass mixture. The authors concluded that VFSs were a promising treatment alternative.
Procedures for the design of VFSs with respect to removing organics
have been presented by Norman et al. (1978) and Young et al. (1982).
However, these procedures were based primarily on infiltration and
limited organics removal data. Regression-type design equations for P
reduction were presented by Young et al. (1982), but details of their
development and verification were not presented.
Magette et al. (1989) used a rainfall simulator to study the effectiveness
of 4.6 and 9.2 m VFSs in removing nutrients and sediment from agricultural runoff. Nutrient removal appeared to decrease as the number of
runoff events increased. Gross sediment, N, and P losses in surface
runoff were reduced by 52, 15, and 6%, respectively, by the 4.6 m VFS,
and 75, 35, and 20%, respectively, by the 9.2 m VFS. The VFSs were
reported to be much more effective in removing sediment than nutrients. VFS effectiveness was reported to decrease with time and with
decreasing VFS to source-area ratio.
Researchers at Virginia Tech evaluated the effectiveness of VFSs for
the removal of sediment, N, and P from cropland runoff with field plots
and observations of VFSs on farms in Virginia (Dillaha, 1989; Dillaha et
al., 1986, 1987, 1988a, 1989; Lee et al., 1989). Experimental plots
under simulated rainfall with 9.1 and 4.6 m VFS with shallow uniform
flow were found to remove 87 and 75% of the incoming sediment, 69
and 57% of the incoming P, and 72 and 61.% of the incoming N, respectively. Soluble nutrients in the filter effluent were sometimes greater
10

than the incoming soluble nutrient load, presumably due to lower removal efficiencies for soluble nutrients and the release of nutrients pr'eviously trapped in the VFS. Vegetative filters with concentrated flow
were much less effective than the shallow uniform flow plots, with percent reductions in sediment and nutrient loadings averaging 23 to 37%
less for sediment, 46 to 53% less for N, and 43 to 46% less for P.
The effectiveness of in-field VFSs was evaluated by observing VFSs on
18 farms in Virginia (Dillaha et al., 1986). Filter strip performance was
judged to fall into two categories depending upon the topography of the
site. In hilly areas, VFSs were judged to be ineffective for removing sediment and nutrients from surface runoff because drainage usually concentrated in natural drainageways within the fields before reaching the
VFS. Flow across these strips during the larger runoff-producing storms
(the most significant in terms of water quality) was primarily concentrated and the VFS was inundated and ineffective. This assessment was
confirmed by the observation that little sediment accumulated in the
majority of the VFS observed. In flatter areas, such as in the Coastal
Plain region, VFSs appeared to be more effective. Slopes were more ·
uniform, and larger portions of stormwater runoff entered the VFS as
shallow uniform flow. This observation was supported by the presence
of significant sediment accumulations in many of the Coastal Plain
VFSs surveyed. Several one- to three-year-old VFSs were observed to
have trapped so much sediment that they were higher than the fields
they were protecting. In these cases, runoff subsequently flowed parallel to the VFS until a low point was reached where it flowed across as
concentrated flow. In these situations, the VFS functioned more like
terraces than as a VFS. Flow parallel to the VFS also was observed on
several farms where moldboard plowing was practiced. When soil was
turn-plowed away from the VFS, a shallow ditch was formed parallel to
the field. If this ditch was not removed later by careful disking, runoff
once again concentrated and flowed parallel to the filter until it reached
a low point where it crossed the VFS as channel flow.
Lee et al. (1989) developed an event-based model, GRAPH, to simulate
P transport in VFS by incorporating chemical transport submodels into
the VFS model, GRASSF, developed by Hayes (1979). GRAPH considers
advection, adsorption and desorption processes, and changes in sediment size distribution on P transport. GRAPH was verified with data
from VFS field plots and model predictions and observed P transport in
VFS compared favorably.
Vegetative Filter Strips in National and State Programs
VFS use in the U.S. has increased significantly in the past few years,
because of the Conservation Reserve Program (CRP). As originally
implemented, only land classified as highly erodible was eligible for participation in the CRP. In 1988 the CRP was modified to include VFSs
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along streams and other waterbodies because of their potential environmental benefits. The requirement that the land be highly erodible
was eliminated for VFSs.
Regulations have been proposed in Virginia to require the installation of
VFSs in designated resource protection areas that are defined as "sensitive lands at or near the shoreline that have intrinsic water quality
value ... and are sensitive to impacts which may cause significant degradation to the quality of state waters or loss of aquatic habitat" (Proposed Regulation: VR 173-02-00). This definition includes all tidal and
nontidal wetlands, tidal shorelines, and all tributary streams within Virginia's Chesapeake Bay drainage basin. If agricultural lands are adjacent to designated waters, a buffer zone area 15 to 30 m wide (length of
flow), is to be maintained as a minimum BMP. Filter strips will not be
required for agricultural drainage ditches if the adjacent land has best
management practices in place in accordance with an approved conservation plan. The regulation specifies that the VFS shall be composed of
a dense ground cover that can be managed to prevent concentrated
flows from crossing the VFS. The VFS must be maintained until the
land owner has implemented an approved BMP program that provides
water quality protection at least the equivalent of that provided by the
VFS.
The proposed regulations are commendable, but it is unlikely that they
will result in significant improvements in water quality. Due to the lack
of specific design criteria and the site-specific nature of VFS effectiveness, in many areas little if any runoff will flow across the VFS and in
other areas most runoff will cross the VFS as concentrated flow. This
will be a major problem with the proposed regulations because VFS will
only be required along perennial streams depicted on the most recent
USGS 7%- minute topographic quadrangle maps. Consequently, most
surface runoff will collect in ephemeral drainageways not shown on the
USGS maps and cross the VFS as concentrated flow. Another major
problem with the regulations is that they assume that the SCS has a
method to estimate the effectiveness of 100-ft VFSs, and no such
method exists. The state of Maryland has similar buffer zone requirements along shorelines and major tributaries but does not require a
VFS explicitly for removing pollutants from surface runoff.
The U.S. Soil Conservation Service is updating the national conservation practice standard for VFSs to overcome some of its limitations (Dillaha, 1989). The proposed standards define VFSs as vegetated areas
that are "designed" to remove sediment, nutrients, pathogens, organic
materials, pesticides, and other contaminants from surface runoff by
filtration, deposition, infiltration, adsorption, decomposition, and volatilization. The key word here is "design." This implies that VFSs are not
suitable for every site and that their width and location will be a function of local site conditions and hydrology. An important part of the proposed standard is the statement: "The practice (VFS) applies ... in loca12

tions above the occurrence of concentrated flow and above conservation practices such as terraces or diversions which concentrate flow."
The proposed standard relaxes previous requirements that VFSs be
located immediately adjacent to streams and allows them to be located
wherever they will be effective for pollutant removal. This may be at the
lower boundary of a field, within a field, or upslope of streams and other
drainageways.

GRASS WATERWAYS
Grass waterways are structural practices like VFSs. They are designed
to transport surface runoff and all sediment entering them downslope
with as little accumulation of sediment as possible. However, grass
waterways are effective, and important, for reducing gully erosion. During smaller runoff-producing storms when flow in grass waterways is
shallow, they may function like VFSs.

CONTOURING AND TERRACES
Contouring has been found to reduce soil loss and runoff volumes by ,
50% or more in areas with mild slopes. With conventional tillage or
ridge-till contouring, surface runoff collects in furrows and there is little
runoff and soil loss from the field unless ponded water overtops and
erodes the furrow. When overtopping occurs, water from one furrow
flows downslope to the next furrow, causing it to fail, and the process is
repeated all the way down the slope resulting in severe localized erosion. Soil loss under these circumstances is often more severe than
what would occur without contouring. Because of this problem, contouring is inadvisable in areas with steep slopes and large runoffproducing storms. Similar problems can occur with terraces. If one terrace is overtopped and fails, all other downslope terraces will probably
also fail as the stored water from the upper failed terraces cascades
downslope.
Terraces have been found to be very effective in reducing NPS pollution
in surface runoff. Level terraces were reported to reduce soil loss by 94
to 95%, nutrient losses by 56 to 92%, and runoff by 73 to 88% (Baker
and Johnson, 1983). Terraces achieve these reductions primarily by
storing water temporarily and allowing sediment deposition and water
infiltration. Consequently, terraces would be expected to enhance the
potential for the movement of soluble pollutants to groundwater.
Terraces have several drawbacks to implementation. They are expen sive to install and maintain, and they remove some land from production. Terracing was estimated at about six times more expensive per
metric ton of sediment reduction than conservation tillage in reducing
sediment loadings to Lake Springfield in Illinois (Skelly and Hinsman,
1988). The structural practices were not cost effective because they
,-:-
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were ineffective during the infrequent larger storms that were responsible for most of the sediment loadings to the lake. The Rock Creek
RCWP reported similar findings. Structural practices were found to be
effective for sediment reduction (55% reduction), but their initial capital
costs were high and their annual maintenance costs were estimated to
range from $22 to $37 /ha/yr for sediment retention facilities (Little,
1989). Because of these high costs and the fears that the structures
would not be maintained in the future, the project started encouraging
conservation tillage as an alternative BMP. Conservation tillage reduced
sediment losses as much as 90%, and productivity did not decline and
quite often increased. Conservation tillage is preferred over terracing in
cropping systems where it is feasible.
NUTRIENT AND PESTICIDE MANAGEMENT
Numerous studies have indicated that improved management of agricultural chemicals can greatly reduce NPS pollution. Often, the formulation of a chemical may influence its susceptibility to loss. For example,
some formulations of the same chemical are highly soluble while others
are only slightly soluble. Use of a less soluble form would be desirable if
groundwater contamination were a problem, while a more soluble form
might be desirable if erosion were high and pollution in surface runoff
was the major concern. Moe et al. (1967) found that urea applied to sod
and fallow plots was less susceptible to loss in surface runoff than
ammonium nitrate, presumably due to differences in solubility and soil
adsorption. The un -ionized urea was reported to infiltrate down into the
soil profile and was less subject to loss in surface runoff than the
ionized and adsorbed ammonium nitrate.
Higher chemical application rates increase chemical losses in surface
and subsurface water. The best way to minimize these losses is to apply
only the amount of chemical that can be utilized by the crop and to
apply the chemical at the time it is needed by the crop. For example, fall
fertilization is undesirable if crops will not be planted until spring,
because the nutrients may be lost before the crops can use them. With
nitrogen, split applications are highly recommended because nitrogen is
very mobile. With split applications, a portion of the fertilizer is applied
at planting and the rest applied later in the growing season when crop
nutrient requirements can be better estimated. This technique can
greatly reduce fertilizer applications while maintaining crop yields.
Another alternative is to plant a cover crop in the fall to remove residual
nitrogen remaining in the root zone from the summer season . The cover
crop is then tilled under in the spring to release the nitrogen for the
spring crop. This reduces nitrate leaching in the fall and winter, typically the period of highest nitrate leaching in temperate climates
(Bouwer, 1989). Soil testing and application of the minimum amount of
fertilizer recommended to meet plant needs is critical to control nutrient
losses.
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Placement of chemicals is also important. Furrow-band applications of
carbofuran were found to reduce losses in surface runoff by about 50%
compared to surface broadcasting (Caro et al., 1973). Herbicide application under corn residue had little effect on herbicide losses in surface
runoff compared to application to the residue itself (Baker et al., 1982).
Chemical incorporation also can have a significant effect on chemical
losses. Subsurface application of picloram reduced concentrations in
surface runoff by 72% compared to surface application (Bovey et al.,
1978). Herbicide application followed by disking reduced losses by
approximately two-thirds compared to surface application. Similar
trends are found with nutrients. Disking reduced losses of soluble fertilizers by 50 to 75% compared to surface application, and plow-down
incorporation reduced losses almost to those of unfertilized control plots
(Baker and Johnson, 1983). Similarly, point injection of fertilizer to a
depth of 5 cm did not result in additional fertilizer loss compared to
unfertilized control plots.

DRAINAGE AND WATER-TABLE MANAGEMENT
According to U.S. Department of Agriculture estimates, about 45 million
hectares of agricultural lands benefited from artificial drainage in the
U.S. in 1985 (USDA, 1987). At least 70% of the drained land was in
crops, 12% in pasture, and 18% in woodland and other miscellaneous
uses. In the U.S., drainage is the most extensive soil and water management activity in agriculture with an estimated capital value of $40
billion, based on 1985 replacement costs (USDA, 1987). In humid
areas, artificial drainage systems are designed to serve to primary
objectives: 1) to provide trafficability for seedbed preparation, planting,
and harvesting, and 2) to prohibit excessive soil water conditions detrimental to crops (Skaggs and Gilliam, 1981 ). Most artificially-drained
soils of the Atlantic Coast are located adjacent to environmentally sensitive estuarine waters such as the Chesapeake Bay, and nutrients in
drainage water have been criticized for causing deterioration of receiving water quality. As a result, recent emphasis has focused on developing improved drainage systems that can satisfy agricultural requirements as well as meet water-quality goals.
There are two primary methods for artificially draining soils that do not
have adequate natural drainage. Surface drainage usually consists of
an outlet channel and lateral and field ditches. The system may includ
land smoothing or grading in order to remove surface depressions a d
provide a uniform slope for removal of water that collects on the land
surface. Subsurface drainage can be provided by installing drain tubes
or open ditches to remove excess water from the soil profile (Skaggs, et
al., 1982). In some cases, a combination of both surface and subsurface
drainage is recommended. The design of a drainage system has a significant impact on the quantity and quality of water leaving the field (Gilliam and Skaggs, 1986). Water-table management, which includes any
combination of surface drainage, subsurface drainage, controlled drainage, or subirrigation, may be used as a BMP for improving crop produc15

tivity and reducing chemical losses from agricultural lands (Evans et al.,
1989). Such systems are designed to provide adequate drainage during
wet periods, eliminate overdrainage, and provide subirrigation during
dry periods by using control structures to manage the water level at the
drainage outlet.
Runoff and Erosion
Considerable effort has been made to better understand the hydrologic
impact of agricultural drainage. Gregory et al. (1984) reported three- to
four-fold increases in peak surface runoff rates from developed land
with primarily surface drainage, as compared to adjacent undeveloped
land. Increased runoff rates caused by land development also would
have a significant impact on the sediment concentrations in runoff. In
general, surface drainage tends to increase erosion and associated
chemical losses (Evans et al., 1989; Bengston et al., 1986; Schawb et
al., 1980; Gilliam and Skaggs, 1986). Ritter and Chirnside (1986) concluded that, after surface drainage construction is completed, runoff
and losses decrease because of stabilization of the stream channels and
reduced stream-bank erosion.
Subsurface drainage systems have been reported to reduce peak rates
and erosion compared to surface systems on similar land. Subsurface
drainage lowers the water-table level on poorly drained soils and
increases the soil moisture storage capacity prior to storm events, thus
increasing infiltration and reducing surface runoff. Subsurface drains
also provide a vent for the entrapped air between a high water table and
the wetting front. The release of entrapped air allows greater infiltration
rates and, consequently, reduces surface runoff. Several investigators,
however, have concluded that total annual outflow from fields is not
significantly affected by the type of drainage system (Evans et al., 1989;
Skaggs et al., 1980) or drainage intensity (Skaggs et al., 1980).
The impact of subsurface drainage on erosion is not normally taken into
account since subsurface drains are generally installed on flat land.
Skaggs et al. (1982) reported that soil loss can be significant on slopes
of under 5%, particularly if the artificially drained land is located near
environmentally sensitive areas. Schwab et al. (1980) measured an
average sediment loss of 2,548 kg/ha from a surface-drained field and
1,329 kg/ha from fields with subsurface drains-a reduction of 40%
due to subsurface drainage. Several other investigators (Bottcher et al.,
1981; Schwab and Logan 1982; Campbell et al., 1985) reported similar
results. Skaggs et al. (1982) coupled DRAINMOD and CREAMS simulation models to evaluate the effects of artificial drainage on erosion from
a sandy loam soil in North Carolina. They concluded that the method
used to meet the crop drainage requirement significantly affects soil
loss and that erosion can be substantially reduced with subsurface
drainage.
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Controlled drainage, by using flashboard risers or other control structures in the collector ditches, may be used to reduce outflow from the
drainage systems more than either uncontrolled surface or subsurface
drainage. Evans et al. (1989) reported a reduction of 30 to 50% in
annual outflows from fields with controlled drainage in North Carolina.
Similar results have been reported by Gilliam et al. (1979), Skaggs and
Gilliam (1981 ), and Deal et al. (1986). Increased evapotranspiration and
seepage around the control structure and seepage to remote sinks are
thought to be some possible reasons for reduced outflow under controlled drainage systems (Evans et al., 1989). The impact of controlled
drainage systems on peak outflow rates has been reported to depend on
seasonal rainfall patterns. During winter months when evapotranspiration rates are low, higher outflow rates have been observed (Evans et
al., 1989). The influence of controlled drainage on surface erosion has
not been well documented.

Nutrients
The method of drainage and subsequent management of the system
can significantly impact nutrient losses from agricultural land. The concentration and composition of nutrients in surface runoff differ from
those found in subsurface outflows (Gilliam and Skaggs, 1986). Surface
runoff has a short contact time with soil and its associated organic matter and transports pollutants in dissolved and sediment-bound forms. In
subsurface drainage, however, water moves slowly through the soil
profile and has greater contact with clay materials, organic matter, and
microorganisms.
Many factors influence the concentration of nutrients in drainage outflow. These factors include soil type, fertilization rate, method of application, crop, soil moisture content, residual nutrient concentrations,
and rainfall patterns. Concentrations of N and P in surface runoff from
developed sites have been reported to be much higher than those from
undeveloped forest sites (Gilliam and Skaggs, 1986; Gregory et al.,
1984; Ritter and Chirnside, 1986). Installation of drainage systems on
undeveloped sites was reported to increase total P, orthophosphorus,
and nitrate concentrations (Ritter and Chirnside, 1986).
Considerable research has been conducted on the impact of subsurface
drainage on drainage water quality. The results are consistent for P
losses in subsurface effluent. However, results on N losses, particularly
nitrate, are inconclusive. Schwab et al. (1980) reported a 54% increase
in nitrate and 45% reduction in total P from subsurface drainage effluent as compared with surface-drained plots. Investigations conducted
by Bottcher et al. (1981) showed reduced soluble N and P losses with
subsurface drainage; however, soluble N losses were greater when fertilizer application was followed by heavy rainfall. Bengston et al. (1984)
reported 13 to 32% reductions in total N and total P, respectively, with
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surface drainage. Baker et al. (1975) found that even modest fertilizer
application rates (112 kg/ha) caused the concentration of nitrate in the
tile drainage water to exceed 10 ppm, with the losses averaging about
30 kg/ha annually. Other investigators have also concluded that nitrate
concentrations in subsurface drainage effluents are higher than those
in surface drainage (Gast et al., 1978).
By reducing drainage outflows during off-season periods, controlled
drainage is an effective management practice for reducing nitrate
losses from agricultural lands. Controlled drainage reduces nitrate
losses in drain effluent by promoting denitrification. In addition, under
controlled drainage, surface drainage increases, and this tends to
reduce nitrate efflux (Gilliam and Skaggs, 1986). In a study using the
DRAINMOD model, Gilliam and Skaggs (1986) found that controlled
drainage reduced nitrate losses by 32% for the two soils investigated.
Under controlled drainage, the reduction in nitrate was accompanied by
an increase in organic N losses with increased sediment losses. Total N
losses, however, were much lower under controlled drainage compared
to conventional drainage. Due to lower bioavailability of organic N, the
environmental impact of organic N would be expected to be much less
than that of nitrate. The increase in surface runoff under controlled
drainage also resulted in an increase in losses of total P. Total P losses,
however, were generally low for both drainage systems. Evans et al.
(1989) have reported similar results for controlled drainage studies
conducted at several other locations in North Carolina.
There are many alternative designs for drainage systems that can meet
drainage requirements and also reduce nutrient losses from agricultural
lands. Evans et al. (1989) presented management systems from both
water quality and crop production standpoints. Water table management, particularly controlled drainage, has great potential for reducing
nutrient effluxes to downstream waters. However, increased nitrate
losses have also been reported. Careful design and management is thus
warranted, and additional management practices to promote denitrification and reduce the amount of nitrate losses to surface and ground
waters may be required (Gilliam et al., 1979). The potential water quality benefits depend on the intensity of management.

INTEGRATED PEST MANAGEMENT
Integrated pest management (IPM) can be defined as the use of management practices for pest control that result in efficient production of
food and fiber while holding to a minimum the use of chemical pesticides and the unfavorable impacts associated with pesticide application.
A basic premise of IPM from a farmer's view is that pesticides should
never be applied unless the cost of not applying them in terms of
reduced crop yield and quality (profits) exceeds the cost of applying pesticides. This is a radical departure from conventional farming practices
where pesticides are applied as a routine production practice. Important
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components of integrated pest management include: biological controls,
regulatory procedures (training of applicators), cultural methods, crop
rotation, pest-resistant and pest-tolerant crops and livestock, scouting
by IPM specialists, and genetic manipulation of pests to reduce their
viability. Significant reductions in pesticide use have been achieved in
most IPM programs without decreasing agricultural profitability. The
most significant factor hindering adoption of IPM is the lack of knowl edge on the part of potential users. An excellent overview of IPM princi ples and practices is given by the Council of Agricultural Science and
Technology (1982).
The use of IPM has increased rapidly during the past decade. One study
found that more than 80% of New York apple producers used some IPM
practices (Kovach and Tette, 1988). Producers who employed comprehensive IPM practices used 30%, 47%, and 10% less insecticides, miticides, and fungicides, respectively, with a resulting savings of an average of $95.80 ha/yr over an 11 -year period without significantly affecting fruit quality. The study also found that IPM users tended to be
younger, better educated, and have less farming experience than nonusers. Another New York study found that increased use of IPM with
onions led to a 32% reduction in pesticide use between 1980 and 1988
(Environmental Science and Technology, 1989). In Indonesia, IPM techniques reduced pesticide use by 60% and resulted in an increase in rice
yields of 25% (Bouwer, 1989). Apparently, the amount of pesticides
required to control the pesticide-resistant organisms was so high that
the pesticides had a toxic effect on the rice crop itself. Evidence that
education can reduce pesticide use is also supported by data from
Nebraska suggesting that more educated or better trained pesticide
users have fewer application errors than less educated users (Grisso et
al., 1988).

CLOSE-GROWN CROPS AND WINTER COVER CROPS
Close-grown crops such as small grains and grasses are very effective
in reducing erosion with 70% or more reductions in soil loss and 11 to
96% reductions in runoff volume compared to conventional tillage
(Dressing, et al., 1982). However, losses of dissolved phosphorus and
other soluble chemicals may be higher than with conservation tillage
and cover crops because of the accumulation of chemicals at the soil
surface. Winter cover crops are effective for erosion and runoff control
because they provide a protective canopy and root system to hold the
soil in place over the winter. By spring, when fields in conventional
tillage are bare and most major runoff-producing storms occur, cover
crops are well developed and the soil is protected from erosion . Cover
crops reduce surface runoff by minimizing surface sealing and increasing infiltration and the resistance to overland flow. Cover crops also tie
up some nutrients over the winter and release them to subsequent
crops as they decay during the late spring and summer. Cover crops can
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thus serve an important role in reducing nitrate leaching to groundwater (Brinsfield et al., 1988) as well as improve the overall efficiency
of nitrogen uptake and utilization. However, fall fertilization of the winter cover could lead to the opposite effect, with increased nitrate available for leaching to groundwater.
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Ill. EVALUATING BMP EFFECTIVENESS
With the increased use of BMPs for NPS pollution control, methods are
needed to assess the effectiveness of BMPs. Proper management of any
system requires reasonable estimates of the expected impacts of alternatives being considered. Planners and decision makers are faced with
the often conflicting goals of minimizing NPS pollution while maximizing economic return to the landowner. An effective plan can only be
developed from accurate and applicable data. Estimates of BMP effectiveness are essential for a) selecting the most appropriate BMP for a
particular problem and site, b) estimating the benefits of BMP implementation, c) ranking BMP alternatives in terms of cost effectiveness,
and d) determining an optimum BMP program based upon program
objectives. Program objectives may include pollution control such as
meeting desired water quality goals, financial gain such as maximizing
the cost effectiveness of cost-share monies or minimizing costs to the
landowner, maintaining long-term productivity, or maximizing return to
the landowner while meeting water quality objectives.
A qualitative estimate of the effectiveness of different BMPs in controlling NPS pollution can be seen in Table 1. The effectiveness of BMPs for
NPS pollution control is highly site-specific due to variability in soils,
landuse, topography, and weather. Field- or plot-scale studies in areas
with uniform site conditions are often successful in showing statistically significant differences in practices. Also, edge-of-field effectiveness is often difficult to relate to stream water quality impact since
field-to-stream delivery is not well understood or documented. However, it is difficult to extrapolate results of experimental field data from
one site to another. Since monitoring is limited by time and economic
constraints, a combination of monitoring and computer modeling are
necessary for developing an effective BMP evaluation program.
Water quality monitoring can be defined as any effort to understand the
physical, chemical, and biological characteristics of contributing systems through sampling. Monitoring is the most direct way to assess
BMP effectiveness, but it has several significant drawbacks. Because of
the tremendous variability in soil, landuse, topography, and weather
factors affecting BMP impact, a BMP may be highly effective for pollutant control at one site but totally ineffective at another site. This makes
planning for future BMP implementation difficult. Monitoring is also
time consuming, often prohibitively expensive, and may take years to
determine whether a BMP has produced statistically significant water
quality improvements. If the particular BMPs selected for a site are ineffective, considerable time and resources will have been wasted, and it
may take many more years to develop an effective program.
Despite the drawbacks, monitoring is essential. Monitoring provides an
assessment of BMP effectiveness for some situations (though few)
under real-world conditions. Through monitoring, our understanding of
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Table 1. Best management and structural practices and agricultural NPS
control.

Practice

Type

Effectiveness in Reducing Losses of
Pesticides
Sediment Nutrients

Conservation tillage•
Winter cover crops*
Critical area plantings
Vegetative filter strips•
Contouring *
Terracing•
Strip cropping
Ponds"
Pasture management
Nutrient management
Integrated pest mgmt.

BMP
BMP
BMP
BMP
BMP
structural
BMP
structural
BMP
BMP
BMP

excellent
good
excellent
mixed
good
excellent
good
good
good

mixed
good
fair
mixed
good
good
good
fair
good
excellent

mixed
fair
fair
unknown
good
good
good
fair

excellent

* Practices that can potentially increase groundwater quality problems.

the components and processes of NPS pollutant fate and transport is
improved, and data essential for developing, validating, and applying
NPS pollution models is provided.
Another essential component for BMP evaluation is mathematical modeling. Simulation models provide us with a tool for evaluating impacts of
various management alternatives over a wide range of site (soils, cropping systems, topography) conditions, and can do this quickly and
cheaply compared to monitoring. There are two main types of models:
physically-based models and empirical models. Physically-based models
attempt to describe the physical, chemical, and biological processes
affecting the natural system being modeled. This allows consideration
of site-specific soil, landuse, topographic, and weather factors that are
critical to BMP effectiveness. The second type of models, empirical
models, are less useful for evaluating BMP effectiveness. Empirical
models do not attempt to describe the actual physical processes controlling the system being simulated; they are simply relationships derived
from pertinent data. Empirical models should not be used beyond the
range of data from which they were developed and, consequently, are
limited in assessing the site-specific nature of BMPs.
Further elaboration on assessing BMP effectiveness through monitoring
and modeling follows. Characteristics of effective monitoring and modeling programs and examples of existing monitoring programs and modeling tools are described. Limitations of these techniques and needs for
improving BMP effectiveness assessment are also discussed.
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MONITORING
Many different monitoring techniques have been used to assess the
effectiveness of BMPs for water quality improvement. Listed in order of
increasing scale, these techniques include: experimental field plots;
fields; single, paired and multiple watersheds; and large watersheds
with multiple land use.
The level of monitoring required to evaluate BMP effectiveness is a
function of the objectives of the monitoring program. If the only objective is to determine whether BMP implementation is effective in reducing pollutant losses from the watershed, then a simple, weekly grabsampling program at the watershed outlet, with or without streamflow
monitoring, may be adequate. At the other extreme, if the data are to be
used for developing and evaluating models for simulating BMP effectiveness, then automated wet- and dry-weather monitoring may be
required along with monitoring of weather parameters, landuse
changes, chemical applications, rates and timing, chemical levels in
soils, cropping practices and dates, streamflow data and other variables.
In addition, monitoring may be required at the edge of fields to assess
the effectiveness of specific BMPs in reducing in-field pollutant losses
and in subwatersheds to assess pollutant transport from fields to
streams and to the watershed outlet.
A major problem with edge-of-field monitoring is that it reveals only
what pollutants are leaving the field and not what are reaching downslope waterbodies. Unless transport and losses between the field and
receiving waters are accounted for, pollutant loadings and concentrations may be greatly overestimated. For this reason, it may be advisable
to monitor the whole watershed (for example, management practices,
cropping, precipitation, surface runoff and pollutant concentrations) to
better determine whether BMPs have reduced pollutant delivery to the
waterbodies of concern.
The study objectives also will determine the size of the area to be studied and whether natural or simulated rainfall will be used. Monitoring
studies on smaller areas (<0.5 ha) and short-term studies can often
benefit from the use of simulated rainfall that allows control of its timing, amount, and intensity. This can reduce both the time and cost of
data collection by allowing BMPs to be evaluated during critical cropgrowth stages and chemical-application periods. It may take many years
for studies dependent on natural rainfall to duplicate the same desired
precipitation and crop/soil conditions. While simulated rainfall offers
some advantages, it cannot reproduce the variability and randomness of
natural precipitation. When time is not a serious constraint and several
years are available for monitoring, natural precipitation is preferable to
simulated rainfall. On larger field-scale plots and in watersheds, rainfall
simulation is not feasible.
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One of the earliest and most popular approaches for evaluating BMPs
involves the use of paired plots or watersheds. With paired watersheds,
two or more areas with similar size, soils, topography, and weather are
treated the same and monitored during a pre-BMP phase for two years
or more. An empirical relationship is then established that relates the
hydrologic responses of the watersheds to each other. After the baseline pre-BMP period, BMPs are implemented in one or more (but not all)
of the watersheds, and monitored watershed responses are compared
with those predicted by the regression equations to determine whether
the BMPs have had an effect.
Replicated plots are another traditional method for evaluating BMPs.
With this method, each treatment is replicated two or more times, and
all the plots are monitored simultaneously. Replicated plots are usually
small because it is often difficult to find large areas with the desired
uniform soil, slopes, and cropping histories. Replicated plot studies
require the analysis of large numbers of samples.
Another evaluation technique involves the use of upstream and downstream monitoring. With this method, a pair of monitoring stations are
established upstream and downstream of a subwatershed in which
BMPs have been installed. Upstream and downstream data are then
compared to assess the impact of BMP implementation. For this method
to succeed, it is critical that the flow volume from the drainage area
above the BMP drainage area be similar to that of the BMP drainage
area. Otherwise, the upstream flow will dilute the BMP discharge and
mask differences in the concentrations.
Spooner et al. (1985) give an excellent overview of monitoring system
designs for evaluating the effectiveness of agricultural NPS pollution
control programs. They point out that monitoring systems often lack a
sound experimental design, resulting in wasted data collection efforts
and inconclusive results. Four approaches for monitoring system design
and analysis are presented: 1) before and after time-trend analysis
uncorrected for meteorological variables, 2) before and after time-trend
analysis corrected for meteorological variables, 3) monitoring upstream
and downstream of a NPS implementation area, and 4) paired watershed designs. They suggest an appropriate hypothesis for each experimental design and suggest appropriate statistical techniques for hypothesis testing. The paired watershed design is recommended as the
superior monitoring method for documenting water-quality improvements in the shortest period of time . If the magnitude of NPS pollution
prior to implementing BMPs is required, then upstream-downstream
sampling is recommended. The before and after design is reported to be
the easiest design to follow but will require monitoring of streamflows
or some other measure of meteorologic variability to obtain meaningful
results. It is also noted that the time required to detect the desired
change will be a function of the variability of the system and how large
a change is actually being made.
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A generalized framework for integrating agricultural NPS water quality
problem identification, data collection, data management, and project
assessment was developed by the National Water Quality Evaluation
Project (Dressing et al., 1981 ). The methodology suggests logical and
efficient ways to combine data evaluation and assessment with problem
definition and data collection. The report also provides comprehensive
lists of the types of data that must be collected to address different NPS
pollution problems.
Another study (Reinelt et al., 1988) developed a five-step conceptual
model to optimize the design of NPS pollution control programs and
monitoring systems The five steps are: 1) definition of monitoring objectives to guide data collection efforts, 2) choice of level of detail required
for monitoring system alternatives, 3) watershed analysis to identify
critical areas for BMP implementation and monitoring, 4) development
of a monitoring program to detect and verify statistically the source(s) of
NPS pollution, and 5) prioritization of of monitoring tasks with reference
to program objectives. Whitfield (1988) also provides a good review of
monitorino oroiect designs.
Guidelines for measuring water-quality impacts of NPS control projects
were presented by a USEPA-USDA interagency task force (Rittall and
Shuyler, 1988). The procedures presented are minimum recommended
techniques for detecting water-quality changes due to BMP implementation in waters impaired by NPS pollution. Specific evaluation alternatives are presented for streams, lakes, and groundwater. The report
notes that improvements in water quality impairment caused by eutrophication, biological degradation, and other factors may not be measurable within three- to five-year project periods because of the high
degree of variability in natural systems and the long response time of
natural ecosystems to subtle changes.
A symposium on the design of water-quality information systems was
held in Fort Collins, Colorado, in 1989 to assess the quality and utility of
water-quality data and to emphasize a systems approach to waterquality monitoring design (Spooner, 1989). The symposium introduction
was given by Robert Ward of Colorado State University, who stated that
"collecting data is easy compared to analyzing the information" and
that monitoring projects must have quantifiable information goals identified at the onset that will result in quantitative information. Proposed
statistical methods need to be evaluated in light of expected data limitations such as serial correlations, seasonality, missing data, non-detects,
and multiple observations in one sampling period. The sampling frequencies, variables monitored, and monitoring locations then can be
determined from the information goals and supporting statistical analysis. Another speaker stressed that data collection is worthless without
good information objectives, decision technology, quality assurance,
and data management. Quality assurance was said to be a must for
data collection because data of unknown quality is useless. The serious-
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ness with which the federal government is approaching future monitoring projects was highlighted by Jay Messer of the EPA at Research Triangle Park, NC. He stated that, beginning in FY1990, every federal
agency's projects will have a resource management program that must
show the probability of detecting a change in water quality to receive
continued funding. Pollution control efforts will then be allocated based
on the cost-effectiveness of data collection by monitoring projects.
These regulations and requirements were necessitated by the billions of
dollars wasted on poorly designed monitoring projects that could not
measure desired water-quality variables.
Groundwater Monitoring
The same general techniques described for surface-water quality monitoring also apply to groundwater monitoring. Groundwater monitoring
is more complex, however, because it is more difficult to measure and
take covariates such as flow rates, recharge area, dilution from the
recharge area outside the study area, and the quality of "upstream or
upgradient water" into account. It is also difficult to track the movement
of pollutants through the soil profile to groundwater. On the other hand,
pollutant concentrations in groundwater are much less variable than
those in surface waters and smaller changes in pollutant concentrations are required to determine whether BMPs have significant impacts
on groundwater quality. An additional difficulty involved with groundwater monitoring is that it is difficult, if not impossible, to obtain a
groundwater sample that is truly representative of the groundwater.
The problem is that both construction of an observation well and the
sampling process itself disturbs the aquifer (Pennino, 1988). Consequently, a good quality control/quality assurance program is essential
to assess the error in the sampling process and to ensure that useful
data are obtained. Another difficulty involved with groundwater monitoring is that groundwater is often very slow to respond to reductions in
pollutant loadings. Depending on the aqu ifer and the particular pollutant of concern, it may take anywhere from a month to centuries for
groundwater quality to improve. This greatly complicates the monitoring
process. Numerou~ references are available that give more details on
groundwater and gr9undwater monitoring (Barcelona et al., 1985; Col lins and Johnson, 1988; Council of Agricultural Science and Technology, 1985; Everett, 1984; Keith, 1988; Scalf et al. , 1981; U.S. Environ mental Protection Agency, 1986).
Rural Clean Water Program and Other Monitoring Experiences
The 10-year Rural Clean Water Program (RCWP) was initiated in 1980
to demonstrate how agricultural NPS pollution could be controlled. The
program is administered by the USDA and EPA. Each project had four
principal activities: cost-sharing of BMPs, technical assistance to
farmers, educational programs for farmers, and water-quality monitoring . Cost-sharing of up to 75% of the cost of practices with a maximum
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of $50,000 per farm was allowed. The principal focus of the program
was to determine which BMPs would improve water-quality in different
areas. Only one third of the RCWP projects are projected to result in
positive net benefits with respect to off-site water quality (Piper et al.,
1989). BMP cost and water-quality effectiveness were found to vary
greatly. Manure storage resulted in substantial water-quality improvements in the Vermont RCWP, where manure could be used to replace
commercial fertilizer. On the other hand, no benefits accrued from
manure storage in the Pennsylvania RCWP, where so much manure
was available that even without commercial fertilizer there was still
gross over-application of nutrients. Consequently, no improvement in
water quality was found (Piper et al., 1989).
Maas et al. (1988) provide an overview of the lessons learned from the
first seven years of the RCWP. Repeated contact with all landowners
was found to be critical for high rates of participation. Targeting of
BMPs was said to be "the key to NPS pollution control" and essential
for cost-effective water-quality improvements. Methods used to target
resources to critical areas contributing the most to water-quality impairment usually involved erosion rates, proximity to streams, and livestock
densities. Provision of technical services such as manure, plant tissue,
and soil testing for nutrient analysis (Pennsylvania and Virginia RCWPs)
was very effective in inducing farmers to improve nutrient management
practices (Maas et al., 1988). Several projects demonstrated that conservation tillage and nutrient and pesticide management are the most
cost-effective BMPs for NPS pollution control.
Watershed size and the time required to detect improvements in water
quality appear to be directly correlated (Maas et al., 1988). Water
resources systems that are managed closely or that flush quickly show
the fastest improvements. Consequently, irrigation ditches and small
streams would be expected to respond much quicker than rivers, lakes,
and estuaries. In the first six to seven years of the RCWP, none of the
RCWPs achieved significant water quality improvements in lakes (Maas
et al., 1988). Estimated response times required to achieve measurable
improvements in water quality after BMP implementation are shown in
Table 2.
The RCWP budgets for the 5 comprehensive monitoring projects have
ranged from $700,000 to $2,000,000 over a 10-year period (Maas et
al., 1988). Most of these projects are not evaluating specific BMPs but
rather overall watershed response. Of the first four RCWPs to show
significant water quality improvement, three were not comprehensive
monitoring projects but had well-designed grab sampling programs.
This demonstrates that well-designed grab sampling programs can document water quality improvements in 5 to 10 years. To detect these
changes with statistical significance, however, will require a 20 to 40%
change in geometric mean pollutant concentrations because of the random variability in aquatic systems. The information gained from the
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RCWP and other monitoring projects should not be used to establish
cause and effect relationships between BMPs and water quality, nor
can the success of one project indicate the likely success of another
project because of the site-specific nature of BMPs (Maas et al., 1988).
Table 2. Estimated response times required to achieve and detect significant
water quality Improvements after BMP implementation
(adapted from Maas et al., 1988)

Water Resource System

Irrigation canal
Stream
Estuary
Lake
Groundwater aquifer

Response Time (years)

0-1
1-5
0-5
2-10
unknown

Time for Significant
Response, (years)

3-8
5-13
5-12
6-14
unknown

The St. Albans RCWP was initiated in 1981 in the 13,500 ha St. Albans
Bay watershed in Vermont (Clausen, 1985). Water quality problems in
the Bay were attributed to excessive nutrient loss from cropland and
dairies in the watershed. An extensive monitoring network was established to measure the impacts of BMP implementation. Level 1 monitoring involved 4 bay sampling stations that were sampled 20 times per
year at a depth of 0.5 m and 1.0 m from the bottom. Level 2 monitoring
involved instream sampling on four tributaries and the St. Albans wastewater treatment plant with refrigerated automatic samplers. Samples
were collected at 8-hour intervals and composited into two 48-hour and
one 72-hour samples each week. During stormflow periods, each eighthour sample was analyzed individually. Flow was measured continuously at each station and three recording raingages were used to measure watershed precipitation. Level 3 monitoring involved a pair of
small watersheds (0.9 and 1.9 ha) with automatic samplers and stage
recorders that were used to evaluate improved manure management
practices. The paired watersheds received best manure management
during the initial two-year calibration phase of the project. During this
period, manure was not applied to the watersheds during the winter.
Starting with the third year, one of the watersheds received manure
during the winter at a rate of 8,925 kg/ha of liquid manure. Level 4
monitoring involved grab samples that were collected at 4 other stream
locations at approximately 20-day intervals to monitor additional subwatersheds. Four years of monitoring was insufficient to evaluate water
quality trends in the bay and its tributaries {levels 1, 2, and 4 monitoring). Level 3 monitoring of the paired watersheds did demonstrate that
improved animal waste management can significantly reduce nitrogen
and phosphorus loadings from upland areas.
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The Rock Creek RCWP was initiated in 1980 to investigate the effectiveness of structural BMPs such as sediment detention basins and
vegetative filter strips in an agricultural watershed with water quality
problems caused by irrigation return flows (Neubeiser, 1985). The project's monitoring program was unusually successful for a RCWP in
demonstrating that BMPs could have a significant impact on water quality. The BMPs resulted in significant reductions in sediment, total phosphorus, orthophosphorus, and total Kjeldahl nitrogen. The effectiveness
of the BMPs in reducing inorganic nitrogen losses were inconclusive.
This RCWP was somewhat unique in that it was conducted in an arid
region (20 to 25 cm of annual precipitation) where almost all runoff was
produced by surface irrigation. This allowed a high degree of control in
the monitoring portion of the project because surface runoff was induced by man and the drainage system of the watershed was highly
regulated.
The original purpose of the Rock Creek RCWP was to show that water
quality could be improved by implementing BMPs that improved the
irrigation system, such as lined channels, gated pipe, vegetative filter
strips, sediment basins, and buried pipe runoff control systems. These
were successful in the short run, but the project officials concluded that
they would be unsuccessful in the long run because sediment and
sediment-bound pollutants were being trapped at the edge of fields and
were being removed from the agricultural system. This resulted in a
gradual decrease in the fertility of the soils of the watershed. Return of
the trapped sediments to the fields was not economically feasible. Economic analysis suggested that it would be more effective to use less
costly field management practices such as irrigation water management and conservation tillage, which are designed to keep soil and nutrients in the field where they are needed.
Results of the first 5 years of the 10-year Nansemond-Chuckatuck
RCWP in southeast Virginia are described by Fisher (1988). Over $2
million in cost-share funds have been contracted and significant reduction in agriculturally generated pollutants from cropland and livestock
have been achieved. No data or statistics are presented to substantiate
this claim, however, and the project has had problems with its monitoring program. Agricultural BMPs being implemented include: permanent
vegetative cover, animal waste control systems, diversions, grazing land
protection systems, waterway systems, cropland protective systems,
critical area plantings (vegetative filter strips), conservation tillage,
stream protection, sediment detention structures, erosion and water
control structures, fertilizer management, and nutrient management.
While project reports indicate that substantial water quality improvements have been achieved, these improvements may be masked by declining water quality due to rapid urbanization in the area.
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The five RCWP projects with comprehensive monitoring programs were
studied to assess their cost effectiveness with respect to water quality
improvements (Young and Magleby, 1987). Only two of the five projects
had benefit-cost ratios greater than one. Four factors were identified
that should be considered to improve the efficiency of future agricultural NPS programs:
1. Target funds and projects only toward waterbodies with water quality
problems that are causing substantial economic damage.
2. The relative costs and effectiveness of BMPs can greatly affect project effectiveness. Use BMPs appropriate for the area and target
them to the areas responsible for the water quality problems.
3. The effectiveness of a particular BMP can vary greatly from one site
to the next because of differences in soils, cropping, topography, and
other factors.
4. Some projects may not be economically justifiable unless on-site
benefits such as long-term productivity are considered in addition to
off-site water quality benefits.
Statistical Design Criteria for NPS Pollution Assessment
Numerous researchers have investigated the role of statistical design in
the development and assessment of monitoring programs (Berryman et
al., 1988; Hipel, 1988; Richards, 1985; Spooner et al., 1987, 1988;
Ward and Loftis, 1986; Ward et al., 1986). Methods for determining
statistically significant changes in water quality due to NPS control programs are reviewed by Spooner et al. (1987), who also describe a
method for determining the magnitude of water quality changes that
will be needed to detect differences over time. Adjustments, such as
accounting for changes in precipitation and runoff, changing sampling
frequency, increasing the monitoring period, and statistical trend analysis, can be made to reduce the estimate of variability and decrease the
water quality change required for statistical significance. Using data
from the Rock Creek (Idaho) RCWP, a 30 to 60% reduction in the unadjusted geometric mean concentration is required to document a significant change in water quality. However, if adjustments are made to
reduce the estimate of variability, the required change is reduced to 20
to 40%. However, the Idaho RCWP results are somewhat unique because the study area is in an arid region where most of the water quality problems were due to irrigation return flow, which has low variability in comparison to natural runoff in humid areas. In a similar study
(Richards, 1985), it was found that NPS phosphorus loading to Lake Erie
would have to be reduced by about 35% before the changes could be
detected. If the loads were adjusted for changes in discharge, the
required change for detection would be 20%. At present rates of adop-
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tion of conservation tillage and associated decreases in phosphorus
loading, a 35% change would require more than 25 years to detect, but
the 20% change would require only 8 years (Richards, 1985). Obviously,
in this case, a monitoring design that incorporates flow measurements
would be desirable. For the Taylor Creek-Nubbin Slough RCWP, the
minimum detectable changes in total and orthophosphorus concentrations after adjustment for covariates (precipitation, seasonality, and
others) that was required to indicate that changes were real ranged
from 10 to 59% over 9 years of monitoring (Spooner et al., 1988).

Limitations of Monitoring
While monitoring is a critical component of any program evaluating the
effectiveness of BMPs for water quality improvement, it must be remembered that data of unknown quality or that cannot answer the desired
questions is worthless. Data obtained in many monitoring studies are
so compromised in one or more respects that the data is of little value
(D'Elia et al., 1989). Routine water quality monitoring programs have
generated mountains of data in the past. However, the lack of data
analysis and the reporting of information derived from the analysis,
indicates that the purpose of monitoring is often poorly defined, resulting in a "data-rich but information-poor" syndrome (Ward et al., 1986).
These problems can only be overcome when not only the what, where,
when, and how of sampling are addressed, but also the why. Since
these are the critical questions that must be addressed in the development of a quality assurance project plan, it is essential that such a plan
be prepared for all monitoring projects to ensure that the data supplies
the information for which it was intended (Dillaha et al., 1988c). The
greatest problem with monitoring is that it is so demanding that it often
becomes a goal in itself, and the original purpose of the monitoring is
forgotten (D'Elia et al., 1989).

MODELING
Nonpoint source models to evaluate the effectiveness of BMPs for NPS
pollution control range in complexity from simple empirical models like
the USLE (Wischmeier and Smith, 1978) to complex physically-based
watershed-scale models like ANSWERS (Beasley and Huggins, 1982).
Nonpoint source models generally consider the generation and transport of pollutants across the land surface to waterways and/or down
through the soil profile to groundwater. Water quality models, on the
other hand, are more concerned with the transport and fate of pollutants during concentrated flow in streams, rivers, lakes, and other large
waterbodies. Because of these differences, NPS models are often called
loading models, while water quality models are called receiving water
models. Only a few models, such as HSPF (Johanson et al., 1981 ), combine both loading and receiving water aspects into one overall model.
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Types of N PS Models
Nonpoint source pollution models can generally be classified into two
broad categories depending on their intended use: screening or planning models, and hydrologic assessment models (Novotny, 1986).
Screening models are usually relatively simple and are intended to
identify problem areas within large drainage basins or to make preliminary evaluations of BMP alternatives. One of the most important uses
of screening models is the identification of potentially critical sources of
NPS pollution within watersheds. Numerous studies have indicated
that, for many watersheds, a few critical areas are responsible for a
disproportionate amount of the chemical and sediment yield. Consequently, if pollution control activities are concentrated in these critical
areas, then a far greater improvement in downstream water quality can
be expected with limited funds (Storm et al., 1988). Because of the simple nature of screening models, their predictions are expected to be
accurate only within an order of magnitude. Examples of NPS screening
models include the USLE, GAMES (Madramootoo et al., 1988), and VirGIS (Hession and Shanholtz, 1988).
Hydrologic assessment models are much more complex than screening
models and are intended for assessing current conditions or alternative
management scenarios. The predictions of good hydrologic assessment
models should be within a factor of two of observed values if model
parameters are measured on-site or if the model is calibrated. If sitespecific data are not available then predictions should be within an
order of magnitude of observed values.
Hydrologic assessment models can be subdivided into field-scale and
watershed-scale models. Field-scale models attempt to describe hydrologic process within a single field or land resource unit with uniform
soils, cropping, topography, and weather. They do not attempt to describe pollutant transport and fate beyond the boundaries of the field.
Examples of field-scale hydrologic models include CREAMS (Knisel,
1980), CNS and CPM (Haith and Loehr, 1979), GLEAMS (Leonard et al.,
1987), NTRM (Shaffer, 1985), and PRZM (Carsel et al., 1984).
Watershed-scale hydrologic assessment models go one step beyond
field-scale models and simulate runoff not only in the fields, but also
between the fields and receiving waters. These models have a broad
range of capabilities. Some are event-oriented (single storm predictions)
while others are continuous simulation models. Several can be used to
identify critical sources of NPS pollution in watersheds and target
BMPs. Most can be used to evaluate the cost-effectiveness of alternative BMP implementation scenarios. Important NPS watershed-scale
hydrologic models include AGNPS (Young et al., 1989), ANSWERS
(Beasley and Huggins, 1982), FESHM (Ross et al., 1978), HSPF (Johanson et al., 1984), STORM (U.S. Army Corps of Engineers, 1975), SWMM
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, (Huber et al., 1983), and WEPP (Gilley et al., 1988). A summary of a few
important characteristics of selected models are shown in Table 3.

Table 3. Principal models used for NPS pollution assessment

Model

Time Scale

Watershed
Groundwater
Characterization
Loading

Field-scale models
CREAMS
continuous
continuous
CNS
continuous
CPM
continuous
GLEAMS
continuous
NTRM
continuous
PRZM
continuous
WEPP
Watershed-scale models
event
AGNPS
event
ANSWERS
event
FREHM
continuous
HSPF
continuous
STORM
continuous
SWMM
continuous
WEPP

distributed
distributed
distributed
lumped
lumped
distributed
distributed

Parameters
Simulated•

yes
yes
yes
yes
yes
yes
yes

S,N,P
S,N
S,P
S,P
S,N
S,P

no
no
no
yes
no
yes
no

S,N,COD
S,N

s

s

S,N,P,B,DO,O
S,N ,BOD
S,N,B,COD

s

--------· -- ~

*S

=

B
0

=
=

sediment, N = nutrients. P = pesticides, COD = chemical oxygr:m
demand,
bacteria, DO = dissolved oxygen, BOD = biochemical oxygen demand ,
others

Some detailed hydrologic assessment models are reeferred to as research models. This description usually implies that the model is not
suitable for use as a management tool. Parameters may be difficult to
determine or not readily available, the model may address a limited set
of system components, testing may not be complete, or the user interface may not be adequately developed. Research models are sometimes
designed specifically to provide a tool to aid researchers in exploring the
response of a system to a wide range of inputs. Research models are
also important in that they frequently provide the starting point for
developing improved management models. Numerous research models
have been developed. One recently developed and applied in Virginia is
VT-Maize, which models two-dimensional water and nitrate flux in the
soil under corn (Newkirk et al., 1989).
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Brief Description of Available NPS Models

CREAMS
Chemicals Runoff and Erosion from Agricultural Management Systems
{CREAMS) {Knisel, 1980) is a physically-based, field-scale model developed for making relative comparisons of pollutant loads from alternate
management practices. CREAMS does not require observed data for
parameter calibration, but observed data can be used to adjust sensitive
parameters to improve model accuracy {Leonard and Knisel, 1988). One
of the most attractive features of CREAMS is its comprehensive user's
manual, which documents the model's development and facilitates parameter selection. The model has been applied in many areas of the world
and has been the most widely used model for field-scale assessment.
The model is intended for use as a continuous simulation model, but it
also can be used as an event-oriented model. The model has three basic
components: hydrology, erosion/sediment transport, and chemistry.
The hydrology portion estimates runoff volume, peak runoff, infiltration,
evapotranspiration, soil moisture, and percolation. The erosion component estimates sediment yield and particle-size distribution of eroded
sediment. The chemistry component estimates losses of dissolved and
adsorbed nitrogen, phosphorus, and pesticides in surface runoff and
percolate. The primary limitations of the model are that it is field-scale
and, consequently, limited to areas with uniform soils and cropping and
does not consider pollutant transport between the field and receiving
waters. Testing of CREAMS has found that it is more accurate in
representing average annual runoff volumes than daily or monthly
runoff volumes {Smith and Williams, 1980). Losses of sediment and
other pollutants would be expected to follow a similar trend.

GLEAMS
A model to predict Groundwater Loading Effects of Agricultural Management Systems {GLEAMS) {Leonard et al., 1987) is based on the
CREAMS model. GLEAMS uses the basic foundation of CREAMS and
adds components to simulate the movement of water and chemicals
within the crop root zone. At present, GLEAMS only simulates subsurface movement of pesticides, but a nitrogen model is being developed.
Like CREAMS, GLEAMS is a continuous, daily simulation model and
predicts runoff using the SCS method. GLEAMS models subsurface
transport only within the root zone and does not consider movement
between the root zone and the water table. GLEAMS divides the root
zone into 3 to 12 layers. The top layer is 1-cm thick and all losses of
pesticides in surface runoff are determined by chemical concentrations
in this zone. Pesticide transport within the root zone is by advection;
diffusion and volatilization are not considered. Pesticide application can
be partitioned between the soil and foliage, and can be incorporated to
any depth . Pesticide degradation rates can vary by soil zone. GLEAMS
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can simulate the transport of 10 chemicals simultaneously as well as
their degradation products, and multiple applications of pesticides are
allowed each year. In an independent evaluation of GLEAMS, the model
was found to predict peak pesticide concentrations within an order of
magnitude and often within a factor of 2 or 3 (Smith et al., 1989).
NTRM

Nitrogen-Tillage-Residue Management (NTRM) model (Shaffer and
Larsen, 1982; Shaffer and Pierce, 1982; Shaffer, 1985) is a field-scale,
continuous simulation model developed to evaluate existing and proposed soil management practices with respect to erosion, soil fertility,
tillage, crop yield, crop residues, and irrigation. The model simulates
both carbon and nitrogen transformations including nitrification, denitrification, mineralization, immobilization, urea hydrolysis, and nonsymbiotic nitrogen fixation as a function of soil moisture and temperature using zero and first-order process equations. NTRM has much
greater detail on these processes than most other field-scale models.
As a consequence, however, input requirements are high. The model is
also limited in the crops and management practices that can be considered. However, for applications within the objectives of the model, the
improved predictive capabilities of the model may counterbalance the
high data and computing requirements.
PRZM

The Pesticide Root Zone Model (PRZM) (Carsel et al., 1984) is a fieldscale, continuous simulation model developed by the EPA to simulate
the effects of agricultural management practices on pesticide fate and
transport. Runoff is predicted using the SCS curve number equation
and soil loss using a modification of the USLE. The model simulates the
entire vadose zone from the soil surface to groundwater. The vadose
zone can be divided into several layers with varying properties and degradation rates. Pesticide processes considered include advective and
dispersive flux, sorption, degradation in the soil, and plant uptake. Volatilization is not considered. Pesticide applications can be partitioned
between foliage and the soil surface, and surface appolications can be
incorporated by tillage. The model permits only one application of pesticides per year, which may not be very realistic. In a study in South
Georgia, PRZM was used as a screening model (no calibration) and predictions were similar to those of GLEAMS. Most predictions of peak
pesticide concentrations were within a factor of 2 or 3 of observed
values and almost all were within an order of magnitude (Smith et al.,
1989). Gross losses of pesticides and tracers were not reported.
AGNPS

Agricultural Nonpoint Source Pollution (AGNPS) model (Young et al.,
1989) is an event-based, watershed-scale model developed to simulate
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runoff, sediment, chemical oxygen demand (COD), and nutrient transport in surface runoff from ungaged agricultural watersheds. Subsurface transport processes are not considered at present, but a groundwater loading version of the model is under development. Nutrients
considered include nitrogen and phosphorus. The model operates on a
square-cell basis that facilitates database creation. All model inputs are
defined on the cell level. Pollutants are routed from the source cell
through intervening cells to the watershed outlet. Model output may be
viewed at any cell that allows identification of critical source areas and
evaluation of targeting alternatives. Runoff is simulated using the SCS
curve number method to predict runoff volumes and the peak runoff
rate equation used in CREAMS. Erosion and sediment transport are calculated using modified forms of the USLE and Bagnold's stream power
equation (Bagnold, 1966). Nutrient yield in the sediment-bound phase is
calculated as a function of the nutrient content of the field soil, the
sediment yield, and an enrichment ratio that is a function of soil texture
and sediment yield. Soluble nutrient loss is a simple function of the soil
nutrient level multiplied by an extraction coefficient. The model considers only losses of total nitrogen and phosphorus; nutrient transformations are not considered. The model also allows for point source inputs
such as feedlots. Data file creation is time consuming since 22 parameters must be specified for each cell, but a model user's guide is available (Young et al., 1987) and the CREAMS handbook (Knisel, 1980) is
also a useful source of parameter values. The model has been tested for
runoff estimations on 20 watersheds in the north central U.S. Peak
runoff rates were approximately 1.6% less than observed values with a
coefficient of determination of 0.81. Sediment yield predictions compared favorably with observed sediment yields from two watersheds in
Iowa and Nebraska (Young et al., 1989). The nutrient model has not
been adequately tested yet, but limited testing on Minnesota watersheds indicated that the model provides realistic estimations of nutrient
concentrations in runoff (Young et al., 1989). The model's effectiveness
in predicting total runoff volume was not reported, and it is, therefore,
difficult to assess the ability of the model to predict total yields.
ANSWERS
Areal Nonpoint Source Watershed Environment Response Simulation
(ANSWERS) model (Beasley and Huggins, 1982) is an event-oriented,
watershed-scale model developed to describe the impact of existing and
proposed agricultural management practices on water quality in ungaged watersheds. The original model predicted the runoff hydrograph
and sediment concentrations during a runoff event at the watershed
outlet. Recent versions of ANSWERS include an extended sediment
detachment/transport model allowing prediction of sediment yield and
concentrations for mixed particle size distributions (Dillaha and Beasley,
1983), a phosphorus transport model (Storm et al., 1988), and a nitrogen transport model (Dillaha et al., 1988b). ANSWERS subdivides the
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watershed into a uniform grid of square cells. Landuse, slopes, soils
and management practices are assumed uniform within each cell. Typical cell sizes range from 0.4 to 4 ha with smaller cells providing more
accurate simulations. Eight to ten parameter values must be provided
for each cell. ANSWERS uses break-point rainfall data and deterministic equations for infiltration, surface retention and detention, infiltration, and percolation to predict rainfall excess and surface runoff.
The nutrient transport versions of ANSWERS received preliminary verification using water quality data collected from rainfall simulator plot
studies. Model predictions of dissolved orthophosphorus, nitrate,
ammonia and sediment-bound total nitrogen and phosphorus were
generally within a factor of 3 of observed values. The phosphorus
transport version of ANSWERS has been used to demonstrate how targeting of BMPs in the Chesapeake Bay watershed can be used to
increase the cost effectiveness of cost-share monies for water quality
improvement (Storm et al., 1988). Targeting of no-till cost-share funds
to critical areas in the Nomini Creek watershed (10% of the cropland
area) was shown to reduce the cost per unit mass of phosphorus yield
reductions by approximately 80%, enabling much greater reductions in
phosphorus delivery for a limited amount of cost-share funds.
In an independent evaluation of ANSWERS for NPS pollution planning,
the Wisconsin Department of Planning found that ANSWERS was inaccurate and impractical for their landuse planning purposes (Baun et al.,
1986). A review of the report, however, indicates that ANSWERS was
inappropriate for this application. This highlights a common problem,
trying to make the model fit the situation rather than finding a model
suitable for the situation. ANSWERS, like AGNPS, is intended to be
used without calibration for planning purposes. The model requires
considerable data preparation and may be difficult to apply to large
watersheds.
HSPF

The Hydrologic Simulation Program-FORTRAN (HSPF) (Johanson et al.,
1984) is the most comprehensive water quality model developed to
date, and has been extensively used for NPS modeling (Decoursey,
1985). HSPF incorporates the basic components of the earlier ARM
(Donigian and Davis, 1978) and NPS (Donigian and Crawford, 1976)
models. HSPF is a continuous, watershed-scale model developed to
simulate the movement of dissolved oxygen, organic matter, temperature, pesticides, nutrients, salts, bacteria, sediment, pH, and plankton
from the land surface through streams, reservoirs, and groundwater.
Both point and nonpoint sources can be simulated. This allows comparisons between the relative magnitudes of point and NPS pollution during water quality planning. HSPF allows the watershed to be subdivided
into land segments with relatively uniform meteorologic, soils, crops,
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and management practices. Runoff from the land segments drains to
channel reaches with uniform hydrologic properties and to larger
receiving waters if they exist. It is difficult to include many land segments in the model because this greatly increases calibration and input
data requirements. HSPF requires several years of historical hydrologic
records for calibration, which is often a limitation for its use. Since
HSPF is based on a calibrated parameter set, it is very difficult to evaluate changing watershed conditions caused by BMP implementation. A
publication is available to help in selecting model parameters for simulating agricultural BMPs (Donigian et al., 1983), but this does not overcome the basic conceptual limitation of the modeling approach. As with
most other NPS models, HSPF has received limited independent verification and should be used with caution. Formal training is recommended before attempting to use HSPF (Crowder, 1987).
WEPP

The Water Erosion Prediction Project Model (WEPP) (Gilley et al., 1988)
will be one of the most significant developments to affect NPS pollution
control efforts during the coming decade. The WEPP model is being
developed by the USDA as a replacement for the Universal Soil Loss
Equation. The USLE was developed over 20 years ago and has been an
integral part of virtually all NPS and erosion control planning efforts
since its development. The WEPP model is intended to correct some of
the deficiencies of the USLE such as poor estimation of erosion from
areas with contouring and steep slopes. In addition, WEPP will be able
to predict soil losses for individual storms using readily available inputdata. WEPP will be computer based and will contain soil, crop, and
weather databases to facilitate model use. The model will simulate the
effects of climate, soils, topography, and cropping-management conditions on erosion, deposition, and sediment transport. The model will
consist of three basic versions: a) representative overland flow profile,
b) watershed, and c) grid. The initial version of the WEPP model was
delivered during the fall of 1989 and the final model version intended
for public use is expected to be available in 1992.
Economic and Policy Models
Evaluating economic and policy impacts also can be accomplished with
the aid of models. Researchers have looked at the direct profitability of
BMPs to farmers, finding widely varying results depending on the crop,
the BMP used, and institutional policies. The cost-effectiveness of various BMPs has been evaluated with the help of water quality and costing models, and can be accomplished on a field basis or over a large
watershed or basin planning area (Crowder et al., 1985; Heatwole et al.,
1987). The role of price supports, cost-sharing, and taxation as incentives for implementing BMPs has also been studied, with computer
models frequently used as aids in evaluating alternative programs and
policies (Kramer et al., 1984; Taylor and Young, 1985; Seale et al.,
1985).
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A variety of computer-based modeling techniques offer the best
approach for evaluating economic impacts of various policies. Taylor
(1983) defined two basic techniques as econometric simulation modeling and linear programming. An econometric simulation model of the
agricultural sector can be used to estimate market impacts of NPS policies, and, in Taylor's view, may provide the best approach for evaluating
a broad range of pesticide and fertilizer policies. The large amounts of
data needed for a regional assessment, and restrictions in representing
differences in soil type are two major limitations.
Linear programming is a general tool that determines an "optimum"
solution to a defined objective function, subject to a set of constraints.
For evaluating economic and policy impacts, a typical objective function
would be to maximize profit or, alternatively, to minimize production
costs. The model identifies the conditions necessary to satisfy this
objective, subject to a range of resource constraints that address factors
such as land, crops, fertilizer, machinery, labor, and capital. The objective function, or driving force of the model, generally assumes that land
owners will make decisions strictly on an economic basis. A major conceptual limitation is that linear programming shows what people should
do, which unfortunately does not always translate to what people will
do. Another limitation is that large amounts of data are needed when
higher model accuracy (detail) is desired, or when the model scale is
increased to a regional or national study. However, linear programming
is widely used and has broad applicability for evaluating NPS policies
because of the flexibility in including a range of constraints (Roka et al.,
1989).
Several newer techniques are being developed and applied to policy
assessment, such as mixed integer programming, chance-constrained
programming, and dynamic programming. These techniques offer new
capabilities and are an attempt to better represent certain aspects of the
farm system or agricultural sector included in the model. However, the
basic concept is similar to linear programming-maximizing an objective function subject to specified constraints. Through continued research and development of modeling techniques, aspects of system
uncertainty and of risk tolerance on the part of the farm operator are
being added to policy assessment models (Miranowski and Alt, 1983).
Economic policy models are typically used as a one-time policy study.
They are seldom used to guide on-going management decisions for a
farm or region. Model development focuses on the variables and objectives of interest and cannot be easily applied to a different case study
area. However, these models can provide a useful indication of policy
impacts within the limitations of the modeling approach .
Review of Models and Applications
Many of the policy studies reported have focused on soil conservation,
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and range from national and regional analyse~ to evaluations of farmlevel impacts. Crowder and Young (1987) looked at the tradeoffs between costs of soil conservation practices, improvement in water quality, and impact on farm income. Results of their analysis of a "typical"
Pennsylvania farm show that conservation tillage is the most costeffective (in terms of water quality improvement per unit cost), and that
high levels of cost-sharing are needed to induce farmers to install structural measures.
A linear programming model of the Nansemond River and Chuckatuck
Creek watershed was used to evaluate the impact that regulatory constraints, taxation, and cost-sharing would have on farm income, land
use, and total pollutant loadings (Kramer et al., 1984). Regulatory constraints were found to have differing effects on land-use practices
depending on which pollutant was targeted. The implication was that
soil conservation and nonpoint source pollution control may lead to different land-use management decisions. Regulation was an effective
control and resulted in predicted farm income reductions of less than
4%. Effluent taxes would also induce farmers to change management
practices as predicted by the model. The acknowledged practical problem with implementing with regulation or effluent tax is the need to
determine pollutant loads from an individual farm to enforce the policy.
Cost-sharing was effective in reducing pollutant loads and also led to an
increase in farm income. The cost of implementing a cost-share program on the study watersheds at the level indicated by the model would
be approximately double the level of the actual RCWP program.
In another modeling study using the Nansemond-Chuckatuck RCWP
watershed, Mcsweeny and Kramer (1986) evaluated the potential
effects of a federal cross-compliance policy on farm-level decision making. The implication of their model results was that cross-compliance
would be effective in reducing NPS pollution.
In a recent study, potential impacts of several policies on potential
groundwater contamination from dairy waste were evaluated, using
Rockingham County, Virginia, as a case study area. The focus was on
evaluating policies for encouraging good nutrient management. However, the established policies of cost-sharing and nutrient management
education were found to be capable of reducing dairy-related nitrate
loadings up to 40% for a representative farm. A tax on fertilizer was the
most cost effective in reducing potential nitrate leaching to groundwater (Diebel et al., 1988; Heatwole et al., 1989).
Knowledge-based System Models
Other computer-based tools are being developed to provide improved
methods of information management and decision support. Knowledgebased systems (expert systems), geographic information systems, and
hypertext may function as stand-alone or integrated systems for selec-
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tive retrieval, processing, and presentation of information (Coulson et
al., 1987; Rauscher, 1987). Knowledge-based systems have great potential for contributing to improved resource management because they
are ideally suited to serve as technology transfer and educational
instruments.
Two types of management aids are being developed. Stand-alone systems provide expertise in a narrow subject area such as recommending
no-till equipment configuration, advising on double-cropping, irrigation
scheduling, and pest management for a particular crop. Another type of
application is the integration of knowledge-based systems with other
computer-based tools. A knowledge-based system is well-suited for
serving as a system integrator because of its flexibility in representing
diverse types of knowledge. One example is the development of expert
interfaces for detailed simulation models. Integrated systems can serve
as management aids for a land user, or may serve as tools for policy/program guidance or regulation.
An example of an integrated management tool is COMAX (Lemmon,
1986), a system for cotton crop management that, on a day-by-day
basis, evaluates and makes recommendations on irrigation and fertiliza tion needs for individual cotton fields. The outcome is more efficient use
of fertilizer and irrigation for better economic returns, and ultimately,
lower nutrient losses to surface and groundwater.
Advantages and Limitations of Modeling for Assessing BMP
Effectiveness
Modeling was found to be an important element of the RCWP program
(Maas et al., 1988). Models used for targeting and BMP assessment
included CREAMS, AGNPS, and ANSWERS. RCWP modeling experiences suggested that all models must be carefully calibrated for sitespecific conditions even if the models claim that no calibration is necessary. For example, CREAMS was found to be inaccurate in the northern
climate of the Vermont RCWP, but minor modifications of the model
greatly improved its accuracy and utility in the project. A method for
determining whether model predictions are within a prescribed factor of
true values was developed and demonstrated on PRZM (Parrish and
Smith, 1988).
One of the biggest problems in using models for BMP assessment and
planning is that the greatest modeling needs are in rural ungaged
watersheds. Consequently, lumped parameter models requiring calibration (such as ARM, HSPF, and NPS) are of limited value since there is
no data for calibration . Models such as AGNPS, ANSWERS, CREAMS,
and GLEAMS that do not require calibration because they use physicallybased parameters do, however, require extensive amounts of information on watershed characteristics that may or may not be readily availa-
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ble. In general, physically-based, models are better able to simulate the
effects of BMPs and, therefore, are recommended for BMP effectiveness evaluation. At best, however, NPS models are only accurate to
within a factor of 2 or 3, and their predictions should be used with full
consideration of these uncertainties.
Mathematical models for economic policy analysis provide a means of
predicting what the impact of various policies will be on a range of system outputs such as crop production, income, and erosion. Conclusions
from the model predictions are only as good as the accuracy of the
model in representing the actual system. Models are limited in that
economic return is the primary criterion used to contrast alternatives,
and social, management, or other factors can be considered only if they
are assigned an economic value. Another limitation is that the scope of
any model is restricted, and a large number of factors that impact
decision-making for a farm operator cannot be included in the model. In
spite of their inherent limitations, models are the only technique available for providing a prior assessment of the potential acceptance and
impact of different policies.
An alternative approach of evaluating policy impacts is the perfect
assessment provided by hindsight-that is, implement a policy and then
evaluate the actual outcome. The obvious disadvantage is that an
observed response to past policies can be a poor predictor of responses
to new, innovative policies for addressing NPS pollution problems.
Knowledge-based systems also will contribute to more comprehensive
and more widely useable tools for evaluation and assessment of management practices, providing assistance in selection, management, and
regulation. Natural systems are very complex, and our understanding of
these systems includes much knowledge that exceeds descriptive algorithms and data that form the basis of current water quality (and other
natural resource) models. The heuristic knowledge associated with the
natural system and associated with correct use of the model is expected
to be supplied by the model user. Knowledge-based systems will
increase the usability and value of models and other computer-based
decision aids by serving as a model interface and interpreter and by
incorporating a broader view in making decisions on BMP selection.
Examples of this approach are a decision support system framework for
the SWRRB model (Arnold and Sammons, 1988) and an interface under
development for the CREAMS model (Heatwole and Zhang, 1989).
Models will continue to grow in importance as management aids and as
regulatory tools. Simple models such as the USLE will be replaced by
more complex models that are more comprehensive, more representative, and more accurate. Knowledge-based system techniques will play
a key role in the development of tools that can be used widely yet still
be defensible.
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OTHER EVALUATION TECHNIQUES
Surveys are used extensively in assessing attitudinal, social, and economic characteristics of a particular target group. Surveys provide a
descriptive view of opinions, actions, and intentions and are generally
used to provide input to policy questions. Surveys can assess public
support, estimate acceptance, and estimate the impact of a particular
policy. Surveys also are used to gather detailed data required for economic policy models, and to evaluate education programs. Thus, surveys are an important evaluation tool for assessing {and guiding) policies and programs related to BMP implementation.
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IV. BMP IMPLEMENTATION
FACTORS AFFECTING ADOPTION
BMPs, no matter how effective or well understood, will be beneficial
only when implemented. Voluntary adoption and cooperation has been
the basic approach taken in agricultural nonpoint source pollution control efforts. A wide range of factors thus affect the degree to which
BMPs are accepted and implemented. Some of these factors are structural and institutional, individual characteristics, operation size, income
and debt, and tenure and attitude of the operator.

Structural and Institutional Factors
The economic and institutional structure of agriculture is acknowledged
to have a profound impact on the acceptance of soil conservation (and
other resource protection) practices by farmers. Farmers tend to look to
short-term profit to survive in a highly competitive and risky market
(Swanson et al., 1986). This short-term view means that conservation
practices may be discontinued in periods of economic stress.
Farm price-support programs and tax policies have often encouraged
farming on marginal land for the sake of increasing production and
income. The implementation of the Conservation Reserve Program
(CRP) and the cross-compliance provision in the 1985 Food Security Act
was a policy reform intended to take marginal land out of production
and to provide a moderate regulatory program for encouraging conservation.

Individual Characteristics
The relationships between adoption of conservation practices and characteristics of the farm and its operator have been assessed in numerous
surveys. Several factors, such as age, education, and operator experience, are related to the adoption of conservation practices, but are
less important than financial factors in explaining behavior.

Size of Operation
Higher levels of conservation practices have consistently been found to
be associated with larger farm operations (Ervin and Ervin, 1982; Norris
and Batie, 1987). This relationship is attributed to greater flexibility in
decision making, greater resources, more opportunity to experiment
with BMPs, and a broader economic and resource base for dealing with
the risk and uncertainty accompanying new practices.

Farm Income
Higher farm income has been positively related to use of conservation
practices for reasons similar to those given for farm size. In a study of
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adoption of conservation practices by Virginia farmers, Norris and Batie
(1987) found a one percent increase in income would increase the
probability of adoption.
Farm Debt
It has been argued that debt load inhibits the adoption of conservation
practices because of limited resources, less management flexibility, and
greater risk aversion. While some support for this relationship has been
found, data from the Virginia RCWP project showed participants had, on
the average, almost twice the debt load as nonparticipants (Kerns and
Kramer, 1985). It may be that debt load is a secondary factor, important
only as it reflects overall farm viability in such areas as farm size and
income.
Tenure
Are farm operators who own the land more likely to adopt conservation
practices than are tenants? In addressing the national imperative for
improved soil conservation practices, absentee landlords are often
singled out as a major source of the problem. Specific studies that have
addressed this question relative to soil conservation have found that
owners are indeed more likely than tenants to implement conservation
practices. Norris and Batie (1987) found ownership to be positively
related to the level of conservation investment. Apparently, owners
have more to gain from long-term benefits and from capital improvements, and current programs and policies do not include the short-term
benefits that will provide incentives for tenants. However, in looking at
the participants in the Nansemond River /Chuckatuck Creek RCWP project (Virginia), Kerns and Kramer (1985) found that renters were more
likely than owners to participate in the cost-share program. They concluded that tenants will participate in voluntary conservation programs
if they will benefit financially. Clearly the critical variable is whether the
incentives are sufficient for the operator -whether tenant or owner -to
change from current practices. What is essential is to determine the
incentives that will motivate both groups to adopt more desirable practices. In resolving the owner/tenant difference, educational programs as
well as incentives need to be targeted specifically to reach both groups.
Attitude of Operator
Stewardship, agrarianism, and risk orientation are three attitudes that
can impact adoption of new farming practices (Nowak and Korsching,
1983). Stewardship refers to a feeling of moral (versus social or economic) obligation to maintain the land. Agrarianism is the belief that
farmers have the right to use the land as they please without governmental intervention. The level of risk an individual can tolerate is considered to be an important factor affecting the adoption of new practices
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that are to some degree unknown and unproven. Individual attitudes
range from risk-averse, to risk-neutral, to risk-loving.
Summary
Given the wide range of factors that have been linked to conservation
behavior, it is important to realize that these represent observed (and
sometimes hypothesized) relationships, and should not be extended to
imply cause-effect relationships. From a study of 918 Ohio farmers,
researchers found support for some of these relationships, but concluded that these factors could not be used to predict conservation
behavior.
Short-term economic return is clearly the most important objective for
most farmers. If they do not survive in the short run, there is no need to
consider the long run. Also, the focus on short-term profit tends to
increase in periods of uncertainty and economic stress. Farmers are
concerned about the environment and surveys have shown that the
level of concern has been increasing. A recent survey of Rockingham
County (Virginia) dairy farmers showed concern for water quality and
soil erosion ranked almost as high as the concern for profitability (Halstead et al., 1988). There is also a growing concern for personal safety,
with an increasing level of interest in problems on the individual's farm
versus national concern. But while environmental concerns are important, farmers will evaluate new practices and technologies in terms of
impact on profit rather than on the environment (Swanson et al., 1986).

TECHNIQUES FOR INCREASING BMP IMPLEMENTATION
Operators are likely to modify their practices to implement a specific
BMP when there is a clear benefit-whether social or economic-and
when that change can be reconciled with the rest of the farm system.
This means that a BMP must be simple to implement relative to the
operator's managerial capability, and be compatible with existing land,
machinery, and enterprise requirements (Nowak and Korsching, 1983).
Increasing BMP implementation is thus dependent on providing an
incentive and on overcoming obstacles to adoption.
Nowak (1987) provides a very useful breakdown of the reasons why
conservation practices are not adopted (Table 4). He defines two basic
groups, those unwilling to adopt and those unable to adopt, with two
possible motives characterizing each group. The appropriate program
response for each of these groups is also indicated. Operators with goal
conflicts will not adopt alternative practices because they have other
higher priority goals (e.g., maximizing profit, maintaining complete control over property rights). The only possible motivation for this group is
regulation. The second group unwilling to adopt conservation practices
are those who have not had the opportunity to learn, and to whom the
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apparent costs of gathering information to make a decision seems to
outweigh the potential benefits. Educational (including technical) assistance is needed for those unable to adopt because of problems or uncertainty about integrating the new practices into their operation. The element of risk-whether perceived or real-can also be addressed in part
through education . In the case where adoption is not possible because
of economics (based on realistic financial analysis), cost-sharing is
needed to reduce the cost of the practice.
Table 4. Causes for nonadoption of BMPs and strategies for correction
(from Nowak, 1987).

Causes for Nonadoption

Appropriate Program Strategy

Unnwilling to adopt due to:
Goal conflict
Rational ignorance

Regulation
Education

Unable to adopt due to:
Complexity of system
Too expensive

Education
Cost-sharing

Nowak (1987) points out that financial incentives only .address one
group of non-adopters, and that an implementation strategy needs to
include multiple tools-~ducation, incentives, regulation-to be effective. Research is needed to determine the distribution of land users
among these four groups.
It is generally accepted that the private economic incentive for adopting
BMPs is not strong. In fact, from a systems perspective, BMPs represent
the introduction of environmental constraints to the agricultural production system, and an associated cost would be expected. However, there
are BMPs (e.g., conservation tillage, and nutrient management) that can
increase income. BMPs that provide a direct economic incentive can be
expected to be rapidly adopted provided that the necessary educational
and technical needs have been met. Two examples follow.
Conservation tillage is a BMP that has been widely and rapidly adopted.
In a national survey of farmers, reasons given for using conservation
tillage gave equal importance to cost and time savings as to conservation benefit. Of the farmers who implemented a conservation tillage
program in 1983, only 16% indicated that they were receiving any costsharing assistance (Magleby et al., 1985). In contrast, reasons given by
farmers for not implementing conservation tillage have pointed to concern of increased risk, unavailability of equipment, and limitations of
soil and climate.
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The nutrient (animal waste} management program in Virginia has been
well received following the implementation of education and demonstration programs and state cost-sharing support for construction of
manure storage facilities which make proper nutrient management
possible. Assistance in developing specific manure management plans
and the ready availability of manure nutrient analysis (provided free by
the state through a special program} has overcome some of the primary
technical obstacles that could limit implementation. A survey of dairy
farmers in Rockingham County, Virginia, revealed that nearly two-thirds
of the responding farmers would use a manure testing service (Halstead
et al., 1988).
Operators that are risk-averse may choose not to adopt new practices
voluntarily until the perceived risk (whether real or not} is reduced. In
some cases, additional experience and research is needed before the
risk associated with different practices can be better defined. Education
can reduce perceived risk that is due to incomplete understanding or
misinformation, and economic incentives can help overcome perceived
financial risk.

Education
Education is an essential component in increasing the adoption of
BMPs. Before behavior can be changed, a person must know about the
possible alternatives. Beyond this basic information, we question the
role education can play in motivating change in behavior. Awareness
(perception} of a problem, a need, or an opportunity can motivate
change. Unfortunately, perceptions are not synonymous with reality,
and problems may seem less severe if they affect one's operation
(Nowak and Korsching, 1983). It is crucial, then, that an education program focus on engendering accurate perceptions of agricultural impacts
on the environment.
While the negative impact of soil erosion on productivity and water
quality may be widely recognized (Korsching and Nowak, 1983), knowledge of it as a problem does not lead automatically to adoption of conservation practices (Kraft et al., 1986). Surveys have shown a majority
of farm operators are unable to provide reasonable estimates of the
economics of conservation practices (Nowak, 1987). Lack of information
(i.e., educational needs} on a wide range of other factors will affect any
decision. Uncertainty about weed and pest control (or other factors} will
also be a major hindrance to adoption. Simply creating an awareness of
a problem is not a sufficient educational approach. As Ladewig and Garibay (1983) found, a previous negative experience or unavailability of
technical solutions will limit adoption of new behavior.
From a survey of 1,200 Ohio farmers conducted in 1980, one conclusion reached was that "lack of knowledge about conservation tillage"
appeared to be the principal barrier to adoption for the 57% of the
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respondents using conventional tillage practices. For those using conservation tillage, a concern for soil and water quality as well as perceived economic benefit were the primary reasons given for selecting
that practice. Ladewig and Garibay (1983) recommended that educational programs be developed to address environmental factors of soil
and water quality as well as the economics of conservation tillage.
However, this study also demonstrated that while education is necessary, it is not of itself always sufficient for bringing the desired change
in behavior. For both adopters and nonadopters, the availability (or lack)
of necessary equipment was also a factor in whether conservation tillage was used.
The case studies summarized above contain examples of both types of
educational needs identified in Table 4, and there is likely no need to
distinguish between them. What is important is that an educational
program be comprehensive in addressing the complete range of informational needs and be flexible to address specific needs. The overall
objectives of an NPS pollution control educational program should be to
show land users that 1) a problem exists that will have serious public
and private consequences if left unresolved, 2) current practices are the
cause of the problem, and 3) economically and agronomically feasible
solutions to the problem are available (Nowak and Korsching, 1983).
Meeting these educational objectives will require different materials
and methods for different regions and target audiences. The difficulty in
implementing an educational program that can meet widely varying
information needs may be one reason why the impact of educational
programs may be limited.
From recent surveys, it would appear that educational efforts should
focus primarily on the third objective of providing information on economically and agronomically feasible solutions. There is wide publicity
and public media attention to environmental issues and growing acknowledgement and acceptance of their contribution to the problems on
the part of the agricultural community (for example, the Rockingham
County survey by Halstead et al., 1988). The major educational need
thus relates to overcoming barriers to adoption by promoting (factually)
BMPs that can address specific problems. In regard to no-till, Carlson
and Dillman (1986) concluded that "the kind of promotional effort
needed now is to show precisely how no-till works in specific situations." Farmers in the Northwest indicated that the primary sources of
information and influence for adopting no-till were the SCS, other
farmers, and field tours. Thus, the most important influences for adopting no-till were the practical, "hands-on" interactions; literature and
meetings had a much smaller effect.
The rainfall simulator demonstration project in Virginia has used farm
field days and other public occasions to graphically demonstrate the differences that tillage practices can have on runoff and erosion (Dillah<a et
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al., 1988d). Responses from public officials and farmers indicated that
the demonstrations created a new appreciation for the value of good
crop management practices for reducing erosion and surface water pollution. The nutrient management program in Virginia has used plot
demonstrations on local farms to overcome uncertainties and perceived
risks associated with using manure as a fertilizer source. This aspect of
the program has been important in generating support and adoption by
farmers.
Economic Incentives
Economic incentives are designed to increase participation in practices
beneficial to soil conservation and NPS pollution control. Possible
incentives range from income-enhancing cost sharing to incomereducing taxation or other punitive approaches. Cost sharing has been
the primary economic incentive used. Other techniques have largely
been proposed and evaluated using modeling studies as a part of policy
analyses.
Cost sharing has been used in some cases strictly as an inducement,
providing better than break-even return for adoption of a practice.
Another motive for cost sharing is to distribute the cost burden to the
public since farmers have no way to pass higher production costs to the
consumer. This latter motive is one supported as an important part of
an overall BMP implementation strategy (Nowak, 1987). A major limitation of cost sharing is the vast resources required to implement a comprehensive national program.
Several types of taxation could be used. A tax on production inputs (e.g.,
fertilizer) would cause farmers to seek more efficient production techniques and create an incentive to move to alternate practices. A pollution tax has been proposed in some studies. Such a tax would put a
direct cost on poor management practices and would place greater significance on problem severity. The difficulty would be to enforce such a
policy.
Another incentive is to place restrictions on participation in price support or other income-enhancing programs. The cross-compliance provision in the 1985 Food Security Act is an example of this policy
approach. Mcsweeney and Kramer (1986) found that such an approach
could be a strong inducement for pollution control among southeastern
Virginia farmers who participated in income support program.
Regulation
The 50-year effort in soil conservation has primarily been based on
voluntary participation. The more recent focus on agricultural nonpoint
source pollution control and resource conservation has also relied, in
general, on voluntary participation. Economic incentives have also been
used to encourage participation.
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Regulation as an approach for controlling agricultural nonpoint source
pollution, while recognized as an alternative technique, has always
been considered less desirable than dependence on voluntary and
incentive-based programs. Various regulatory approaches are possible
and include specification of 1) a method, technique, or activity, 2) a
result or performance (e.g., downstream water quality, and 3) the
extent, timing and type of activity (Bailey and Waddell, 1979).
While the potential for using regulation in agricultural NPS pollution
control has always been acknowledged, it has been bypassed in favor of
a voluntary approach for several reasons. In general, there has been
strong public sentiment in the agricultural community against land-use
controls and regulations. Implementation of a regulatory approach also
poses large problems in defining clear, measurable standards, in assessing compliance (i.e., making the necessary measurements), and in providing the necessary manpower for enforcement. As recent as 1981, a
position paper by the Water Pollution Control Federation (JWCPF, 1981)
supported a policy based on "voluntary and incentive programs ... to
encourage use of BMPs," partially on the basis that scientists felt that
available knowledge would not support a national control (regulatory)
program .
It is readily acknowledged, however, that education and economic
incentives, separately or together, are not sufficient solutions in the
effort to change beliefs and practices for better COflServation and pollution control. A percentage of land users will not cooperate in efforts to
control environmental impacts and conserve resources, and others
reject any attempt at governmental intervention.
But these nonparticipatory cases are not the only problem. Many BMPs
require maintenance and/or higher levels of continuing management to
remain effective. For example, the cost-share funds spent to build an
animal waste storage facility are of no benefit if the tank is emptied on
frozen soil. Yet current voluntary programs have little to say after the
initial cooperative agreement has been reached. The continuing implementation and maintenance of conservation practices will always be a
potential point for breakdown in a policy based only on voluntary
participation.
The support for regulation as one component of a resource conservation
program appears to be growing. It is supported by public policy analysts
(Nowak, 1987), conservation groups (SWCS, 1989), farmers, and elected officials. Perhaps one of the best evidences of the increasing acceptability of regulation is the inclusion of the cross-compliance provision
in the 1985 Food Security Act. A recent review of opinion surveys
related to controlling soil erosion (with some focus on Wisconsin) found
f ive general themes on the acceptability of regulation (SWCS, 1989): 1)
there is more support for regulation among farmers than is generally
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recognized, 2) this support has increased in recent years, 3) the acceptability of regulation is greater for those farmers actively supporting soil
conservation, 4) support for regulation increases as the focus of regulation becomes more local, and 5) the acceptability of regulation increases if cost-sharing is associated with the required behavior.
Soil erosion control regulations have been enacted by several states
and counties. An assessment of these programs showed that few cases
have ever been to court. The major perceived accomplishment of these
programs has been the educational benefit derived by raising public
awareness of the problem and of the appropriate solutions (SWCS,
1989). The Wisconsin chapter of the Soil and Water Conservation
Society (SWCS) presented to the state legislature a position paper that
outlined concepts of a state program to regulate soil erosion (SWCS,
1989). In the Wisconsin proposal, regulation would function along with
current voluntary, incentive, and educational programs, and would be
aimed at correcting excessive, worst-case soil erosion. Criteria and
standards would be established, with enforcement based on "scientific
and technical judgements and professionally accepted predictive tools,
such as the USLE."

INSTITUTIONAL FACTORS
Part of the reason for limited adoption can be attributed to factors
beyond the individual land user. Inter-organizational and organizationlanduser relationships play a key role in implementation. The current
institutional groups include the Soil Conservation Service (SCS) (technical/educational assistance), Agricultural Stabilization and Conservation
Service (ASCS) (cost-share funds), Cooperative Extension Service (CES)
(education and technology transfer programs), and the Soil and Water
Conservation District (a local base of planning). The functioning of the
current system has been described as ineffective and inefficient, with
landusers confused over the identities and functions of the different
agencies (Nowak, 1987).
Nowak (1987) places much of the blame for the failure in the national
resource conservation effort on the lack of an effective organizational
structure. He presents a model of a "bottom-up" approach where the
local conservation district would assume leadership and would have the
responsibility and authority to implement a conservation program.

RESEARCH NEEDS
At this point, there is a good understanding of what factors influence
BMP implementation. It is less clear, however, how effective recent policy initiatives have been in overcoming financial obstacles to BMP adoption. In particular, little is known about how the Agricultural Conservation Program established by the Food Security Act of 1985 has influenced BMP adoption. More research is also needed on how the
effects of the cross-compliance provisions of this Act will affect the use
of practices that are primarily water-quality related.
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V. RECOMMENDATIONS FOR FUTURE RESEARCH
Considerable progress has been made in quantifying edge-of-field pollutant losses for most NPS pollutants for site-specific conditions. In addition, a theoretical understanding of many of the processes affecting pollutant transport has been developed. This has allowed the development
of a variety of mathematical models for simulating pollutant fate and
transport. Unfortunately, many of the models are highly site-specific
and the data required to use the models is not readily available. Also,
most models are research oriented and are not well suited for planning
purposes.
Continuing research needs include: monitoring studies to provide information for characterizing systems, for improving management, and to
support modeling needs; and model development and validation to provide improved management and assessment tools. Further research is
needed in several general areas: supplying crop nutrient needs efficiently, fate and transport of nutrients and pesticides through the soil to
groundwater, and pollutant transport from field to stream. Specific
research needs to improve the effectiveness of BMPs for NPS pollution
control are as follows:
1. Surface application of agricultural chemicals causes chemicals to
concentrate at the soil surface where they are most susceptible to
loss in surface runoff. To minimize this problem, research should be
directed toward the development of chemical application methods
that apply agricultural chemicals below the soil surface and minimize disturbance of surface residue. Spoked-wheel injectors show
particular promise, and further research should be directed toward
their development and use.
2. One of the biggest needs in nutrient management is a reliable test
for plant available nitrogen. Currently, there is no widely accepted
test, and soil testing laboratories do not test for soil nitrogen. Plant
tissue analyses are available to determine plant nitrogen needs during the growing season for supplemental nitrogen applications, but
these tests are not widely used.
3. The potential impact of preferential flow on fate and transport of
agricultural chemicals under conservation tillage is not well understood. Field studies are needed to define processes and important
parameters, to develop management techniques, and to support
model development.
4. Field investigations should be conducted to evaluate the losses of
pesticides and nutrients from tile-drained fields under various management practices.
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5. Techniques should be developed to promote denitrification in controlled drainage systems in order to minimize the loss of nitrate in
tile effluents.
6. A better understanding of pollutant transport processes between
fields and streams is needed, with particular emphasis placed on
the role of filter strips and riparian zones. Research is needed to
develop modeling tools for more accurately predicting pollutant
transport and loss during field -to -stream transport. Both short- and
long-term dynamics must be considered to predict ultimate fate of
po II uta nts.
7. Satisfactory equations for describing sediment transport in shallow
overland flow are not available. Currently used equations were originally developed for deeper channel flow conditions, and shallow
overland flow violates most of the boundary conditions used in their
development. New physically-based sediment transport equations
are needed for shallow overland flow if NPS pollutant transport is to
be modeled successfully.
8. Comprehensive water management models should be developed to
predict the impact of various management practices, such as no-till
crop production, controlled drainage, and subirrigation, on the quality of surface and groundwater.
9. Comprehensive databases for model development, testing, and verification are not available. A series of intensively monitored (longterm) watersheds should be established, with detailed data collected on weather, landuse, cropping, chemical applications, runoff
quantity and quality, soil characteristics, and other important variables. Without this data, models will continue to be evaluated with
inadequate databases, and modeling limitations will be blamed on
data limitations rather than limitations of the models.
10. Model development efforts for BMP assessment should concentrate
on physically-based, deterministic, distributed parameter models.
These models are designed for use without calibration and have
significant theoretical advantages over other types of models in evaluating BMP effectiveness. Standard methods need to be developed
to determine whether model predictions fall within a prescribed
range of true values. Without this, it is difficult to tive models or
even determine the adequacy of their predictions.
11. Advanced frameworks for management models must be developed
that integrate geographic information systems, remote sensing, and
knowledge-based systems to provide comprehensive, useable management tools.
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12. Knowledge-based systems should be integrated with mathematical
programming models to allow rapid updating of models and reformulation of models to enable new policy evaluations without the
need to construct new models.
It seems clear that increasing levels of management are required of the
farmer in the face of the growing emphasis on environmental protection
and resource conservation. Increased management can function only in
an environment of increased information. Effective educational programs as well as effective management tools require continuing research and development efforts. Another general research need that
must not be overlooked is the new techniques, tools, and concepts that
have potential for significant impact on the farming enterprise-as did
the interesting concept of limited tillage 30 years ago.
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VI. DESCRIPTION OF DATABASES
STRUCTURE AND CONTENT
Two databases were set up for this study. The first contains citation and
key word information (the references database: "REFS"), and the
second stores codes and comments of the reviewer related to the content of the source (the reviews database: "REVIEWS"). These files are
cross-referenced and are based on a file format commonly available on
1
microcomputers (dBASE 111 format).
The first step in identifying appropriate literature sources was to conduct a computerized search of the Water Resources Abstracts database
using key words related to the subject of agricultural water quality and
nonpoint source pollution. The search covered listings in the period
1968- 1987 and a total of 757 abstracts were selected. Each abstract
was reviewed, and those judged to be appropriate to this study were
located and citation and key words entered in the references database.
Additional sources were identified in this initial data collection stage
from the NWQEP bibliography2, citations in major review articles, the
Agricultural Engineering lndex3 and the personal collections of the
authors. This initial cataloging of pertinent references was primarily a
means of starting the review process. Many additional sources were
identified from literature citations and were entered in the databases
throughout the review process.
To facilitate the review process, a standardized review sheet (Figure 1)
was used for recording basic information about each source. The
appropriate information was completed by the reviewer and then
entered into the database. Citation and key words are stored only in the
reference file, and any changes to these items are made in the reference file.
The information from
for this report and in
are now available for
ing search criteria on

these files was used in summarizing the literature
producing the annotated bibliography. These files
locating publications of special interest by specifydata contained in either of the files .

The structures of the two databases are shown in Tables 5 and 6. Following are comments specific to the various fields (following the same
field numbers as · in the tables) that wiH assist in understanding and
using these databases.
1

dBASE Ill is a licensed product of Ashton-Tate .

2

"Annotated NPS Bibliography for the National Water Quality Evaluation Project." Biolog ical and Agricultural Engineering Department, North Carolina State University, Raleigh,
North Carolina . Nov., 1986.

3

Hall and Basselman . 1982, 1987. Agricultural Engineering Index. American Society of
Agricultural Engineers, St. Joseph, Michigan.
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Figure 1 . Sample Review Sheet.
REFS Database:
1. FILENO is a unique reference number to identify each source. The
FILENO is six characters long. The first two characters are capital
letters that indicate the general subject rnatter:
BE - economics, social, policy aspects
BP - BMPs-water quality aspects
ES - Expert systems
GW - groundwater, subsurface drainage
HG - basic hydrology
MD - modeling
MN..- monitoring techniques
PS - pesticides
WO - general water quality
The last four digits are numbers that indicate the following:
0001-3999
6001-6999
7001-7999
8001-8999

-

articles copied and on file
references in journals held by Pis
references in books held by Pis
references with source elsewhere (e.g., library)

2. Author - citation format used, with the entry beginning with the last
name of the lead author and ending with a period.
3. Not used.
4. Title - ends with a period.
5. Publication - citation format. Ends with period.
6. Keywords and phrases. Separated by commas. Does not duplicate
words or phrases in the title.
7. Any comment, e.g., used to note library call number.
8. Not used.
9. CODE2 field used to indicate if review is completed. Completed
revisions have an "r" in this field. A "p" indicates that a review
sheet has been printed.
10. Not used.
11. Not used.
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Table 5. Structure of the RFS database
Field

Field Name

Type

1
2
3
4
5

Fl LENO
AUTHOR
YEAR
TITLE
PUBLISH
KEYS
COMMENT
CODE1
CODE2
CODE3
CODE4

Character
Character
Numeric
Character
Character
Character
Character
Character
Character
Character
Character

6

7
8
9
10

11
Total length

Length

6
150

4
150

225
120
50

4
1
1
1

713

REVIEWS Database:
The content of this file can best be understood by referring to the sample review sheet shown in Figure 1. The logical fields accept only a
true/false (t/f) or a yes/no (yin) answer. Comments on several of the
fields follow.
1.

FILENO - provides link to the REFS database.

2.

LOCATION - study location.

3.

SOIL - description of soil type(s).

4.

DURATION - value with units

5-20. Logical fields that indicate which characteristics are
22-34. pertinent to the article
21.

BOTHER - name/description of other BMPs used

35.

APTOVA - should have one of three responses, Y, M, or N,
corresponding to yes, maybe, or no.

36.

SUMMARY - a memo field that stores the review sheet entry
"Summary for bibliography." This field provides a link to a special text file (REVIEWS.DST) where the contents of the memo
field are actually stored. Thus, the actual length of the memo
field is not 10, but can accommodate any length of text entered.

37 -39. Code fields - not used.
40.

Reviewer's initials.
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Table 6. Structure of the REVIEWS database

Field

Field Name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Fl LENO
LOCATION
SOIL
DURATION
PLOT
WATERSHED
FARM
REGION
NATRAIN
SIM RAIN
BCV
BNT
BCHISEL
BIPM
BSUBSOIL
BDRAIN
TIMING
AMOUNT
FORM
METHOD
BOTHER
DHYD
DERO
DGW
DNITR
DP HOS
DP EST
DBACT
DYIELD
DECON
DPOLICY
DSOCIAL
DEVAL
REVIEW
APTOVA
SUMMARY
C1
C2
C3
REVIEWER

Total length
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Type

Character
Character
Character
Character
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Character
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Character
Memo
Character
Character
Character
Character

Length

6
25
20
10
1
1
1
1
1

1
1
1
1
1

1
1
1
1
1
1
20
1

1
1

1
1
1

1
1
1
1
1
1
1
1
10
4
1
1
3

·- ------ - ---- -·
131

VII. APPLICATION
GENERAL
The databases can be accessed in several different ways. The files are
sorted in order by FILENO to facilitate location of specific records once
the FILENO has been determined. Other useful orderings, for example
by author or by title, can be done by creating an index.
Basic types of searches include locating a keyword in the "title" or
"keys" fields, or locating a word or phrase in other text fields (e.g.,
author, publication source). Searches that use multiple conditions are
also possible (e.g., a keyword search for a specific year of publication),
but will require that the user have some knowledge of the database
software.
Searches on the REVIEWS database can be more specific in setting limiting criteria for records to be retrieved. All of the logical-type fields can
be easily specified as search criteria. It is even possible to do a keyword
search on text entered in the "summary" field, although some programming would be required to implement this capability.
Techniques to link the two files so that reference information can be
directly in·cluded with the reviews information can be accomplished by
using the "SET RELATION" command to link to the REFS file from the
REVIEWS file. An example of this implementation is included in one of
the program routines described below.

SUPPLEMENTARY PROGRAMS
Several programs are included with the data disk that provide some
simple search and output capabilities in conjunction with a dBASE 111compatible database software package. The following functions are provided through menu selections and prompted input that makes it easy
to use.
1. Access specific reference using the file number [FILENO]. The user is
prompted for a file number and, when a valid file number is entered,
the following three screens are displayed in order: reference file
information, review information, and the review summary. This function would be used to get the complete record of information filed on
a particular article whenever a citation of interest has been identified
from a printout or from one of the following three functions.
2. Search for references by author (the author may appear anywhere in
the author list).
3. Search for references using keywords. The search keyword entered
match a word in the KEYWORDS as well as the TITLE fields.
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4. Search for references based on contents of other fields in the REFS
file (i.e., a general, user-specified search).
For all the above functions, the user is given the option of sending the
output to the screen, the printer, a disk file, or any combination of these
output options. Flexibility is also offered in what information is displayed: fileno, citation, keywords, summary. These functions, though
basic, should provide adequate search and display capabilities for the
majority of persons interested in accessing the data.
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VII. ANNOTATED BIBLIOGRAPHY
Allis, J.A. 1953. Runoff from conservation and non-conservation watersheds. Agricultural Engineering 34:766-768. [BP0312]
Ahuja, L.R., J.W. Naney, R.E. Green, and D.R. Nielson. 1984. Macroporosity to characterize spatial variability of hydraulic conductivity and
effects of land management. Soil Sci. Soc. Am . .J. 48(4):699-702.
[BP0133]
Ahuja, L.R., R.D. Williams, G.C. Heathman, and J.W. Naney. 1985. Use
of a surface gamma-neutron gauge to measure effects of tillage, croping, and erosion on soil properties. Soil Science 140(4):278-286.
[BP0125]
A gamma-neutron gauge. was used to measure bulk density, moisture content and
macroporosity of a tilled wheat field and adjacent grass field . Results indicate that
surface gamma-neutron gauge is a viable tool for characterizing the relative effects
of tillage, cropping and erosion.

Alberts, E.E., W.H. Neibling, and W.C. Moldenhauer. 1981. Transport of
sediment nitrogen and phosphorus in runoff through cornstalk residue
strips. Soil Sci. Soc. Am. J. 45:1177-1184. [BP0261]
Alberts, E.E., R.C. Wendt, and R.E. Burwell. 1985. Corn and soybean
cropping effects on soil losses and C factors. Soil Sci. Soc. Am. J.
49:721-728. [BP0410]
Alberts, E.E., and R.G. Spomer. 1985. Dissolved nitrogen and phosphorus in runoff from watersheds in conservation and conventional tillage.
J. Soil Water Conserv. 40(1):153-157. [BP6034]
Algozin, K.A., V.F. Bralts, and J.T. Ritchie. 1988. Irrigation strategy
selection based on crop yield, water, and energy use relationships: A
Michigan example. J. Soil Water Conserv. 43(5):428-431. [BP6090]
All, J.N., R.N. Gallaher, and M.D. Jell um. 1979. Influence of plant date,
preplant weed control, irigation, conservation practices on efficacy of
plant time insecticide applications for corn borer. J. Economic Entomology 72(2):265-268. [BP0374]
Allen, R.R., J.T. Musick, F.O. Wood, and D.A. Dusek. 1975. No-till seeding of irrigated sorghum doubled cropped after wheat. Trans. of the
ASAE 18: 1109-1113. [BP0172]
No-till improved yields and reduced fuel requirements by 55% compared with clean
tillage for grain sorghum in the Texas high plains.

Andraski, 8.J., D.H. Mueller, and T.C. Daniel. 1985. Phosphorus losses
in runoff as affected by tillage. Soil Sci. Soc. Am. J. 49(6): 1523-1527.
[BP0100]
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A four-year plot study using simulated rainfall was used to compare effects of three
conservation tillage practices on total-P, dissolved molybdate-reactive P(DMRP),
and algal-available-P (AAP) in surface runoff. This study contrasts P in runoff when
fertilizer is bonded with the more common studies that use surface-applied fertilizer.

Andraski, B.J., T.C. Daniel, B. Lowery, and D.H. Mueller. 1985. Runoff
results from natural and simulated rainfall for four tillage systems.
Trans. of the ASAE 28(4): 1219-1225. [BP014 7]
Runoff volumes and rates were found to be significantly reduced by no-till, chisel
plow, and till-plant practices in comparison with conventional tillage. Differences
between the conservation tillage treatments were not significant.

Angle, J.S., G. Mcclung, M.S. Mcintosh, P.M. Thomas, and D.C. Wolf.
1984. Nutrient losses in runoff from conventional and no-till corn
watersheds. J. Environ. Qual. 13(3):431-435. [BP0074]
Study to determine the quantity of nutrients (NH,.-N, NQ3-N, total N, ortho-PQ,.,
total soluble P, total P) and sediment (suspended sediment, soluble solids) in runoff
from conventional and no-till corn watersheds.

Arnott, R.A., and C.R. Clement. 1966. The use of herbicides in alternate
husbandry as a substitute for ploughing. Weed Res. 6: 142-157.
[BP0270]
Aulakh, M.S., D.A. Rennie, and E.A. Paul. 1984. Gaseous nitrogen
losses from soils under zero-till as compared with conventional-till
management systems. J. Environ. Qual. 13(1):130-136. [BP0214]
No-till had up to six times the population of denitrifiers found in conventional tillage
sites with two to three times higher gaseous N loss. Annual loss in no-till wheatfallow rotation was 24 kg N per ha . Lower soil horizons made little contribution to
gaseous N loss. Soil density and water content were important variables in N loss.

Babowicz, R.J., G.M. Hyde, and J.B. Simpson. 1985. Fertilizer effects
under simulated no-tillage conditions. Trans. of the ASAE 28(4):10031006. [BP0308]
Bailey, G.W., and T.E. Waddell. 1979. Best management practices for
agriculture and silviculture: An integrated overview. In: Best Management Practices for Agriculture and Silviculture. Loehr, Haith, Walter,
Martin, Eds. Ann Arbor Science Publishers, Ann Arbor, Ml. [BE0001]
General concepts presented of BMPs for nonpoint source pollution control. Define
BMP in terms of agronomic, economic, social, and environmental factors in an
implementable system. Discuss criteria for selection and implementation.

Bailey, G.W., and R.R. Swank, Jr. 1983. Modeling agricultural nonpoint
source pollution:A research perspective. In: Schaller, F.W., and G.W.
Bailey (eds). Agricultural management and water quality. Iowa State
University Press, Ames, IA. p.27-47. [MD7042]
Review of modeling concepts, applications for NPS assessment and planning, current (1981) status, and research needs.
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Bailey, G.W., L.A. Mulkey, and R.R. Swank, Jr. 1985. Environmental
implications of conservation tillage: A systems approach. In: F.M. D'ltri
(ed.). A systems approach to conservation tillage. Lewis Publishers, Inc.,
Chelsea, Ml p.239-266. [BP7016]
A mass balance analysis is used to provide an assessment of system impacts of
conservation tillage. Results suggest the potential for increased atmospheric losses
of pesticides, a decrease in runoff and soil erosion related losses, an increase in
plant residue related erosion losses, and an increase in potential leaching through
the unsaturated zone to groundwater. A literature review, in general, substantiated
this analysis. Potential environmental implications are discussed.

Baird, R.W. 1954. Runoff from conservation and non-conservation watersheds. Agricultural Engineering 35:95-97.[BP0314]
Baker, B.P. 1987. Incentives and institutions to reduce pesticide contamination of ground water. In: Fairchild, D.M. (ed). Ground water quality and agricultural practices. Lewis Publishers, Chelsea, Ml p.345-356.
[GW7080]
Argues for taxation and subsidies to encourage low-input crop systems, and for
continued research on low-input agriculture.

Baker, D.B. 1987. Overview of rural nonpoint pollution in the Lake Erie
Basin. In: Logan, T.J., J.M. Davidson, J.L. Baker, and M.R. Overcash.
(eds). Effects of conservation tillage on groundwater quality: Nitrates
and pesticides. Lewis Publishers, Chelsea, Ml p.65-94. [BP7099]
Baker, J.L. 1985. Conservation tillage: Water quality considerations. In:
F.M. D'ltri (ed.). A systems approach to conservation tillage. Lewis Publishers, Inc., Chelsea, Mlp.217-236. [BP7015]
Review of research on conservation tillage effects on surface and drainage water
quality. Discuss in terms of benefits and potential problems.

Baker, J.L. 1987. Hydrologic effects of conservation tillage and their
importance relative to water quality. In: Logan, T.J., J.M. Davidson, J.L.
Baker, and M.R. Overcash. (eds). Effects of conservation tillage on
groundwater quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml p.113-124. [BP7101]
Baker, J.L., and H.P. Johnson. 1979. The effect of tillage systems on
pesticides in runoff from small watersheds. Trans. of the ASAE
22(3):554-559. [BP0092]
Runoff losses of one insecticide and three herbicides were measured under natural
rainfall from six small watersheds planted to three different tillage systems.

Baker, J.L., and J.M. Laflen. 1982. Effects of corn residue and fertilizer
management on soluble nutrient runoff losses. Trans. of the ASAE
25:344-348. [BP0157]
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Fertilizer placement, and effects of residue on soluble nutrients in runoff evaluated
in an Iowa plot study. Conclude that increased nutrient concentrations from conservation tillage is due in part to lack of fertilizer incorporation.

Baker, J.L., and J.M. Laflen. 1983. Runoff losses of nutrients and soil
from ground fall-fertilized after soybean harvest. Trans. of the ASAE
26(4): 1122-1127. [BP0101]
Five tillage/fertilizer application treatments were investigated for their effects on
runoff volumes and sediment and nutrient concentrations and losses. Surface
application with no-till had the highest soluble nutrient losses. Nutrient losses with
disking, chisel plow or point injector fertilizer application did not differ significantly
from control plot.

Baker, J.L., and J.M. Laflen. 1983. Water quality consequences of conservation tillage. J. Soil Water Conserv. 38(3):186-193. [BP6015]
Good quantitative review of impact of conservation tillage on erosion, nutrients and
pesticides. Present simple relationships for predicting effects.
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Baker, J.L., and H.P. Johnson. 1983. Evaluating the effectiveness of
BMPs from field studies. In: Schaller, F.W., and G.W. Bailey (eds). Agricultural management and water quality. Iowa State University Press,
Ames, IA. p.281-304. [BP7026]
Approaches and limitations in using field studies for BMP assessment are discussed. Present a summary, with tables, of field studies of various BMPs. Excellent
reference. Conclude that conservation tillage and chemical incorporation are leading BMPs for reducing surface pollutant losses.

Baker, J.L., R.S. Kanwar, and J.M. Laflen. 1986. Effect of tillage on infiltration and anion leaching. Paper No. 86-2544, American Society of
Agricultural Engineers, St. Joseph, Ml [BP0003]
Movement of water and nitrate under moldboard plow and no-till tillage systems
were investigated. Final infiltration rates from NT, under ponded conditions, were
larger than these from the conventional plots. The amount of NQ3 remaining in the
sampled zone under conventional tillage plots were greater than expected. In no-till
plots, NQ3 concentrations in the soil solution at 23cm depth, did not approach that
of the ponded solution . Denitrification was thought to be the main reason for this
phenomena. Because of the biological complications, the authors concluded that
the study did not provide a clear-cut answer to the question of relative NQ3 leaching under the two tillage systems.

Baldwin, J.A., and R.N . Gallaher. 1985. No-tillage corn and grain
sorghum yield response to anhydrous ammonia. In: Proceedings of the
1985 Southern Region no-till conference. Georgia Agricultural Experiment Station, Experiment, Georgia. p.132-136 . [BP7142]
Baldwin, P.L., W.W. Frye, and R.L. Blevins. 1985. Effects of tillage on
quality of runoff water. In: Proceedings of the 1985 Southern Region
no-till conference. Georgia Agricultural Experiment Station, Experiment, Georgia. p.169-174. [BP7151]
Bandel, V.A., S. Dzienia, G. Stanford, and J.O. Legg. 1975. N behavior
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under no-till vs. conventional corn culture. I. First-year results using
unlabeled N fertilizer. Agronomy Journal 67:782-786. [BP0189]
Study to determine whether tillage affected optimal crop requirements of fertilizer
N. See BP0198 for study continuation.

Bandel, V.A., S. Dzienia, and G. Stanford. 1980. Comparison of N fertilizers for no-till corn. Agronomy Journal 72:337-341. [BP0192]
Yield study for different types and rates of N fertilizer.

Bandel, V.A. 1986. Nitrogen management for no-tillage corn. In: Proceedings of the Southern Region No-Tillage Conference. Southern
Region Series Bulletin 319, Kentucky Agricultural Experiment Station,
Lexington. p.1-16. [BP0336]
Barisas, S1'G., J.L. Baker, H.P. Johnson, and J.M. Laflen. 1978. Effect of
tillage systems on runoff losses of nutrients, a rainfall simulation study.
Trans. of the ASAE 21(5):893-897. [BP0094]
Five tillage treatments: conventional, till plant, chisel plow, disk, ridge plant, and
fluted coulter were used on corn. Granular fertilizer was broadcast on the plots
before spring tillage and planting. Soluble nutrient losses increased as residue levels increased, but total nutrient losses decreased with increasing residue levels
because of soil loss reductions.

Bauer, A., and A.L. Black. 1981. Soil carbon, nitrogen, and bulk density
comparisons in two cropland tillage systems after 25 years and in virgin
grassland. Soil Sci. Soc. Am. J. 45: 1166-1170. [BP0237]
Bauman, T.T., and M.A. Ross. 1983. Effect of three tillage systems on
the persistence of atrazine. Weed Science 21 :423-426. [PS0022]
Study to determine the effect of three tillage systems, coulter, chisel, and conventional plow tillage, on the persistence of atrazine.

Beale, O.W., G.B. Nutt, and T.C. Peele. 1955. The effects of mulch tillage on runoff, erosion, soil properties, and crop yields. Soil Sci. Soc.
Proceedings 19(2):244-247. [BP0251]
Early study (1943-1952) evaluating minimum tillage.

Beane M., G.R. Chirlin, D.L. Correll, E.S. Friebele, and M. Faust. 1977.
Assessing non-point source pollution. A detailed study of a rural watershed in the coastal plain of Maryland. Chesapeake Bay Center for
Environmental Studies. Smithsonian Institution, Edgewater MD.
[BP9031]
Beasley, D.B., L.F. Huggins, and E.J. Monke. 1982. Modeling sediment
yields from agricultural watersheds. J. Soil Water Conserv. 37(2): 113117. [MD0122]
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Overview of ANSWERS (Areal Nonpoint Source Watershed Environment Response
Simulation) model; includes advantages of the distributed model over lumped models, ANSWERS concepts, and a brief summary of a planning application to a 714hectare subcatchment of the Black Creek watershed in Indiana.

Beasley, D.B., E.J. Manke, E.R. Miller, and L.F. Huggins. 1985. Using
simulation to assess the impacts of conservation tillage on movement of
sediment and phosphorus into Lake Erie. J. Soil Water Conserv.
40(2):233-237. [BP0049]
The ANSWERS model was used with a simple phosphorus transport relationship to
identify areas which contribute the most sediment and phosphorus to Lake Erie.
Eighteen sample watersheds, comprising 1% of the total basin, represented the
major soil groups in the basin. Simulation indicated only certain soil groups needed
intensive treatment and that desired phosphorus reductions are possible through
tillage management.

Beasley, D.B. 1985. An evaluation of the applicability of selected models to conservation tillage in the North Central States. In: F.M. D'ltri
(ed.). A systems approach to conservation tillage. Lewis Publishers, Inc.,
Chelsea, Ml p.267-274. [BP7017]
Brief reviews of different modeling approaches and concepts.

Beasley, R.S. 1981. Comparing three water quality sampling techniques
for measuring non-point source pollution in forest streams. Dept. of
Forest Resources, Arkansas Univ., Fayetteville. [BP9020]
Becker, J.C., and J.S. Shortle. 1986. Solutions to agricultural water pollution: Planning and operational issues. Paper No. 86-2624, American
Society of Agricultural Engineers, St. Joseph, Ml [BE0005]
Behn, E.E. 1985. Ridge tillage for erosion control. In: F.M. D'ltri (ed.). A
systems approach to conservation tillage. Lewis Publishers, Inc., Chelsea, Mlp.41-46. [BP7004]
Non-technical "plug" for ridge-till. Interesting, with a practical perspective.

Bengtson, R.L., C.E. Carter, H.F. Morris, and J.G. Kowalczuk. 1984.
Reducing water pollution with subsurface drainage. Trans. of the ASAE
27( 1):80-83.[BP0086]
S_tudied the effect of subsurface drainage on runoff volume and sediment, potassium and phosphorus content in flow from plots on a clay loam alluvial soil in
·
Louisiana.

Benoit, G.R ., M.J. Lindstrom. 1987. Interpreting tillage-residue management effects. J. Soil Water Conserv. 42(2):87-90. [BP6068]
Berg, N.A. 1988. Why we use agrichemicals: A historical perspective
and a look _ahead. In: Agricultural chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation,
Navarre, Minnesota. p.5-18. [BP7036]
Good summary of factors that have shaped agricultural chemical use.
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Berg, W.A., S.J. Smith, and G.A. Coleman. 1988. Management effects
on runoff, soil, and nutrient loses from highly erodible soils in the
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fertilizer and liquid manure phosphorus with soil aggregates and sediment phosphorus enrichment. J. Env. Qual. 14(2):246-251. [BP0127]
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the Iowa River Basin for evaluation of hydrology, sediment, pesticide and nutrient
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No-till preserved moisture and increased corn yields on moderately well-drained
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of continuous corn. Agronomy Journal 69:383-386. [BP0190]
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Over a 10-year period, the effect of no-till on soil moisture, pH and nutrient concentrations in the soil was compared to conventional till for continuous corn. Soil compaction, saturated hydraulic conductivity and soil organic matter were also compared.
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and conventionally tilled corn. Soil and Tillage Research 3: 135-146.
[BP0263]
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management and policy. Freshwater Foundation, Navarre, MN. p. 1926. [GW7097]
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to put it all together.
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General discussion of state and federal legislation, different regulatory approaches,
and chances of success of different approaches.
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behind corn residue. Trans. of the ASAE 25: 1245-1250. [BP0158]
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their effects on deposition. Major model components are interrill erosion, rill erosion, and the deposition process in ponds formed behind pieces of cornstalk residue
along each rill. Model assumes that deposition occurs only in the ponds and that
the excess rainfall rate is constant. These assumptions hindered the predictive ability of the model.
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and available nitrogen. Soil Sci. Soc. Am. J. 48:1060-1067. [BP0242]
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S.B., and T.L. Napier (eds). Conserving Soil. Soil Conservation Society of
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Excellent summary of research on how ·farmers receive and respond to conservation information. Also summarize results from a large survey (. 3000) of farmers in
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·

Burt, J.P. 1988. Managing agrichemicals: The role of best management
practices. In: Agricultural chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation, Navarre, MN.
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Review of development of BMP concept. Limitations are : impacts of BMPs are
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need to work from the standpoint of complete resource management.
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effects of different N application rates on nitrogen losses from contoured and ter raced fields are presented.

Burwell, R.E., G.E. Schuman, H.G. Heinemann, and R.G. Spomer. 1977.
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sources: soil erosion, manure applications, barnyard runoff, and municipal sewage.
A linear programming model of farming in the watershed was used. It was found
that the cost of reducing phosphorus loss from agricultural sources was considera bly higher than the cost of removing phosphorus from sewage.
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Cogo, N.P., W.C. Moldenhauer, and G.R. Foster. 1984. Soil loss reductions from conservation tillage practices. Soil Sci. Soc. Am. J. 48:368373. [BP0108]
Investigated effects of residue levels and surface roughness caused by different
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Trans. of the ASAE 27:755-761. [PS0026]
The two phases and objectives were: 1) laboratory studies (aerobic and facultative)
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Coughlin, R.E. 1985. Commentary: Regulation of soil loss on farmland:
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Das, P., and Y.Y. Haimes. 1979. Multiobjective optimization in water
quality and land management. Water Res. Res. 15(6):1313-1322.
[BP0048]
Davey, W .B. 1977. Conservation districts and 208 water quality management-non-point source identification and assessment, selection of best
management practices. National Association of Conservation Districts,
Washington, DC. [BP9028]
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Decoursey, D.G. 1980. Runoff, erosion, and crop yield simulation for
land use management. Trans. of the ASAE 23:379-386. [BP0278]
Decoursey, D.G. 1985. Mathmatical models for nonpoint water pollution control. J. Soil Water Conserv. 40(5):408-413. [MD0004]
The article discusses various aspects of nonpoint water quality models including
the processes involved, limitations of modeling, brief descriptions of some of the
models currently being used, and considerations when selecting a model.

DeGloria, S.D., S.L. Wall, A.S. Benson, and M.L. Whiting. 1986. Monitoring conservation tillage practices using Landsat multispectral data. J.
Soil Water Conserv. 41(3):187-190. [BP6061]
Dean, J.D. 1983. Potency factors and loading functions for predicting
agricultural nonpoint source pollution. In: Schaller, F.W., and G.W. Bailey (eds). Agricultural management and water quality. Iowa State University Press, Ames, IA. p.155-177. [MD7049]
Excellent review of potency factors as a simple modeling approach for predicting
NPS pollution losses. Presents models and an extensive review of data. This
approach is used in most current models for predicting sediment-attached pollutants.

Degyansky, M.E., and E.B. Hale. 1980. Best management practices in
agriculture and forestry. Publication 4-WCB-1, Virginia Polytechnic
Institute and State University, Blacksburg, Virginia. [BP0365]
Deizman, M.M., S. Mostaghimi, V.O. Shanholtz, and J.K. Mitchell.
1987. Size distribution of eroded sediment from two tillage systems.
Trans. of the ASAE 30(6): 1642-1647. [BP0414]
A plot study found that sediment aggregates from no-till were coarser than those
from conventionally tilled plots. Empirical equations were developed for predicting
the size distribution of eroded material from no-till and conventional tillage systems.

Deizman, M.M., S. Mostaghimi, T.A. Dillaha, and C.D. Heatwole. 1989.
Tillage effects on phosphorus losses from sludge-amended soils. J. Soil
and Water Conserv. 44(3):247-251. [BP6096]
Plot study evaluating surface application vs. incorporation of several application
rates of sludge from an urban STP. Incorporation greatly reduced runoff losses of
soluble and particulate phosphorus.

Derr, D.A. 1987. Integrating soil conservation practices into farmland
leasing arrangements. J. Soil Water Conserv. 42(5):356-358. [BP6075]
Dick, W.A. 1983. Organic carbon, nitrogen, and phosphorus concentrations and pH in soil profiles as affected by tillage intensity. Soil Sci. Soc.
Am. J. 47:102-107.[BP0240]
Higher organic C, N, and P levels were found in the top horizons of no-till soils.
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Dick, W.A. 1984. Influence on long-term tillage and crop rotation combinations on soil enzyme activities. Soil Soc. Sci. Am. J. 48:569-574.
[BP0244]
Generally higher enzyme activity in no-till soils when comparing the top 7.5-m profile. Crop rotation was important, and in general, enzyme activity was positively
correlated to soil organic C levels.

Dick, W.A., and T.C. Daniel. 1987. Soil chemical and biological properties as affected by conservation tillage: Environmental implications. In:
Logan, T.J., J.M. Davidson, J.L. Baker, and M.R. Overcash. (eds). Effects
of conservation tillage on groundwater quality: Nitrates and pesticides.
Lewis Publishers, Chelsea, Ml. p.125-14 7. [BP7102]
Conservation tillage practices create substantial changes in physical, chemical, and
biological properties within the soil profile. A general observation on the concentration of nutrients, organic matter, and microbiological activity near the soil surface.

Dickey, E.C., C.R. Fenster, J.M. Laflen, and R.H. Mickelson. 1983.
Effects of tillage on soil erosion in a wheat-fallow rotation. Trans. of the
ASAE 26:814-820. [BP0305]
Dickey, E.C., T.R. Peterson, J.R. Gilley, L.N. Mielke. 1983. Yield comparisons between continuous no-till and tillage rotations. Trans. of the
ASAE 26: 1682-1686. [BP0306]
Dickey, E.C., D.E. Eisenhauer, and P.J. Jasa. 1984. Tillage influences on
erosion during furrow irrigation. Trans. of the ASAE 27(5): 1468-1474.
[BP0084]
Investigated effects of six different tillage systems (chisel, disk, list, till plant, rotary
till and slot plant) on runoff, soil loss and nutrient loss during furrow irrigation. Soil
loss found to be related to surface residue level. Disk had highest nutrient losses,
rotary till and slot plant had the lowest.

Dickey, E.C., D.P. Shelton, P.J. Jasa, and T.R. Peterson. 1985. Soil erosion from tillage systems used in soybean and corn residues. Trans. of
the ASAE 28(4): 1124-1129, 1140. [BP0149]
Five tillage treatments-moldboard plow, chisel plow, disk, no-till, strip rotary-till,
and till plant after corn and soybeans-were evaluated for their effect on runoff and
sediment yield. Soybean plots had an average of 44% more soil loss at 5% slope
than the corn plots at 10% slope. Soybeans always had more soil loss than their
equivalent corn tillage treatment. Soil loss decreased as residue levels increased.
Only no-till consistently left more than 20% residue cover with soybeans. A 20%
cover of either soybean or corn residue reduced soil loss by 50%. Runoff was lowest with no-till and highest with double disking with 5% slopes (silty clay loam).
No-till had the most runoff with 10% slopes and a silt loam soil.

Dickey, E.C., P.J. Jasa, B.J. Dolesh, L.A. Brown, and S.K. Rockwell.
1987. Conservation tillage: Perceived and actual use. J. Soil Water
Conserv. 42(6):431-434. [BP6077]
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Dillaha, T.A., B.B. Ross, S. Mostaghimi, C.D. Heatwole, and V.O. Shanholtz. 1988. Rainfall simulation: A tool for best management practice
education. J. Soil and Water Conserv. 69:288-290. [BP0412]
A rainfall simulator has been setup at sites around the state in conjunction with
farm field days or demonstration tours. The visual comparis~n of runo~f and erosion
under different tillage treatments has been a very effective educational tool for
farmers as well as politicians.

Dillaha, T.A., R.B. Reneau, S. Mostaghimi, and D.Lee. 1989. Vegetative
filter strips for agricultural nonpoint source pollution control. Trans. of
the ASAE 32(2):513-519. [BP0063]
Donigian, A.S., Jr., J.C. Imhoff, and B.R. Bicknell. 1983. Predicting
water quality resulting from agricultural nonpoint source pollution via
simulation-HSPF. In: Schaller, F.W., and G.W. Bailey (eds). Agricultural
management and water quality. Iowa State University Press, Ames, IA.
p. 200-249. [MD7051]
Review of HSPF development and summary of basic model concepts and capabilities. Provides example application to Four Mile Creek watershed (Iowa). Discuss
application of model for risk assessment and as a tool for evaluating BMP effects.
[See Laflen (ch. 23) for a critique .]

Doran, J.W. 1980. Soil microbial and biochemical changes associated
with reduced tillage. Soil Sci. Soc. Am. J. 44:765-771. [BP0236]
Evaluated micro-biological and biochemical characteristics of surface soils from
seven locations across the U.S., comparing long-term no-till with conventional
tilled soils.

Dorsey, J.D., A. Ward, and N. Fausey. 1989. Paper No. 89-2190. American Society of Agricultural Engineers, St. Joseph, Ml. [BP0066]
Dowdell, R.J., and R.Q. Cannell. 1975. Effect of ploughing and direct
drilling on soil nitrate content. J. Soil Science 26(1 ):53-61. [BP0218]
Concentration of nitrate-N at 30-m depth in a clay soil was 2-5 times greater after
plowing than for direct drilling during winter and spring. By May, no significant
differences could be detected between tillage treatments. This result is attributed to
decreased mineralization of soil nitrogen in the no-till soil.

Dowdell, R.J., R. Crees, and R.Q. Cannell. 1983. A field study of effects
of contrasting methods of cultivation on soil nitrate content during
autumn, winter and spring. J Soil Science 34:367-379. [BP0220]
Nitrogen is made available to crops by increased mineralization following exposure
of available substrates by plowing.

Dressing, S.A., R.P. Maas, F.A. Koehler, F.J. Humenik, D.D. Johnson,
and and J. M. Kreglow. 1982. Best management practices for agricultural nonpoint source control. I. Animal Waste. Agricultural Extension
Service, North Carolina State University, Raleigh. [BP0142]
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Review of literature related to animal waste management and impacts on water
quality. Discuss research related to rate, timing, and method of application, and
includes a section on economics of waste management systems.

Dressing, S.A., R.P. Maas, F.A. Koehler, F.J. Humenik, D.D. Johnson,
and J.M. Kreglow. 1982. Best management practices for agricultural
nonpoint source control. II. Commerical fertilizer. Agricultural Extension
Service, North Carolina State University, Raleigh. [BP0143]
Review of state-of-the-art (through 1980-81) research and recommendations on
management practices for minimizing nonpoint source pollution from commercial
fertilizer. Regional differences discussed.

Dressing, S.A., R.P. Maas, F.A. Koehler, F.J. Humenik, D.D. Johnson,
and J.M. Kreglow. 1982. Best management practices for agricultural
nonpoint source control. Ill. Sediment. Agricultural Extension Service,
North Carolina State, University, Raleigh. [BP0144]
Duda, A.M. 1982. Municipal point source and agricultural nonpoint
source contributions to coastal eutrophication. Water Res. Bui.
18(3):397-407. [BP0025]
Identifies agricultural NPS pollution as a major source in several NC river basins.

Duda, A.M. 1985. Environmental and economic damage caused by sediment from agricultural nonpoint sources. Water Res. Bui. 21 (2):225234. [BP0011]
Environmental and economic consequences of NPS pollution are reviewed and
assessed. Types of economic damage are discussed and quantified. Sediment, nutrient, and pesticide losses are discussed. Costs due to NPS pollution are estimated
to be greater than ten billion dollars per year. Even if streams are cleaned up the
author points out that existing accumulations of pollutants in lakes and other
waterbodies may contaminate water for decades.

Duda, A.M., and D.S. Finan. 1983. Influence of livestock on nonpoint
source nutrient levels of streams. Trans. of the ASAE 26(6): 1710-1716.
[BP0019]
Data from 10 watersheds shows significantly higher N and P in streamflow due to
agriculture and particularly due to high livestock populations. Discuss impact on
drainage and variable-source-area surface runoff on water quality.

Dumas, W.T., A.C. Trouse, L.A. Smith, F.A. Kummer, and W.R. Gill.
1973. Development and evaluation of tillage and other cultural practices in a controlled traffic system for cotton in the Southern Coastal
Plains. Trans. of the ASAE 16:872-875. [BP0298]
Dunigan, E.P., R.A. Phelan, and C.L. Mondart, Jr. 1976. Surface runoff
losses of fertilizer elements. J. Environ. Qual. 5(3):339-342. [BP0390]
Duttweiler, D.W., and H.P. Nicholson. 1983. Environmental problems
and issues of agricultural nonpoint source pollution. In: Schaller, F.W.~
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and G.W. Bailey (eds). Agricultural management and water quality.
Iowa State University Press, Ames, IA. p. 3-16. [BP7024]
Presents an overview of agricultural NPS pollution :sediment, pesticides, nutrients,
animal waste. Discuss solutions (approaches) and issues to be resolved. Identify
broad research questions.

Dyal, S., and R.N. Gallaher. 1985. Mehlich I extractable soil calcium,
magnesium, and potassium in an oat/soybean doublecropping system
as affected by tillage and time. In: Proceedings of the 1985 Southern
Region no-till conference. Georgia Agricultural Experiment Station,
Experiment, Georgia. p.123-126. [BP7140]
Easterbrook, G. 1989. Cleaning up. Newsweek July 24:26-42. [WQ8003]
According to William Reilly, administrator of the EPA, "Nonpoint control is the largest area of failure in environmental policy. Today just 9% of stream pollution comes
from industry. Fully 65% is nonpoint, primarily from agriculture."

Eckert, D.J., and J.W. Johnson. 1985. Phosphorus fertilization in notillage corn production. Agronomy Journal 77:789-792. [BP0200]
Phosphorus accumulates near the soil surface with no-till. Higher fertilization rates
are required for crop production. Banding is an effective alternative to broadcasting.
(No data on water quality.)

Edwards, C.A., and J.R. Lofty. 1982. The effect of direct drilling and
minimal cultivation on earthworm populations. J. Applied Ecology
19:723-734. [BP0212]
Earthworm populations, especially for deep-burrowing species, were much higher
with reduced tillage.

Edwards, J.H., D.L. Thurlow, and J.T. Eason. 1985. Soybean relative
yield as affected by cropping sequences and conservation tillage. In:
Proceedings of the 1985 Southern Region no-till conference. Georgia
Agricultural Experiment Station, Experiment, GA. p. 40-44. [BP7126]
Edwards, W.M., and C.R. Amerman. 1984. Subsoil characteristics influence hydrologic response to no-tillage. Trans. of the ASAE 27(4): 10551058. [BP0132]
Runoff was measured from two agricultural watersheds having similar topsoils, but
different subsoils. Dormant season runoff was not affected by tillage practice. Notill nearly eliminated summer season runoff from the watersheds.

Edwards, W.M., M.J. Shipitalo, L.B. Owens, and L.D. Norton. 1989.
Water and nitrate movement in earthworm burrows within longterm
no-till cornfields. J. Soil and Water Conserv. 44(3):240-243. [BP6095]
Ehlers, W. 1975. Observations on earthworm channels and infiltration
on tilled and untilled loess soil. Soil Science 112:242-249. [BP0231]
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Earthworm channels doubled during four years of zero-tillage. Many were open to
the surface and could channel surface water 180-cm to the subsoil. Channels in
tilled plots were not effective in water transmission.

El-Haris, M.K., V.L. Cochran, L.F. Elliott, and D.F. Bezdicek. 1983. Effect
of tillage, cropping, and fertilizer management on soil nitrogen mineralization potential. Soil Sci. Soc. Am. J. 47: 1157-1161. [BP0310]
Elkins, C.B., D.L. Thurlow, and J.G. Hendrick. 1983. Conservation tillage
for long-term amelioration of plow pan soils. J. Soil Water Conserv.
38(3):305-307. [BP6025]
Ellis, B.G., A.J. Gold, and T.L. Loudon. 1985. Soil and nutrient run-off
losses with conservation tillage. In: F.M. D'ltri (ed.). A systems approach
to conservation tillage. Lewis Publishers, Inc., Chelsea, Ml. p. 275-298.
[BP7018]
Presents results of two field comparisons of conservation and conventional tillage.
Found that CT reduces sediment, N, and P losses, but that soluble N and P concentrations tended to increase. Authors note the fertilizer application method is very
important with conservation tillage . Appendix table summarizes results from 15
different studies.

Erbach, D.C., and W.G. Lovely. 1975. Effect of plant residue on herbicide performance in no-tillage corn. Weed Science 23(6):512-515.
[BP0352]
Erbach, D.C., J.E. Morrison, and D.E. Wilkens. 1983. Equipment modification and innovation for conservation tillage. J. Soil Water Conserv.
38(3): 182-185. [BP6014]
Ervin, D.E. 1982. Soil erosion control on owner-operated and rented
cropland. J. Soil Water Conserv. 37(5):285-288. [BE0011]
Survey found less erosion control on rented versus owned cropland. Propose incentives for tenants to encourage conservation practices .

Evans, R.O., P.W. Westerman, and M.R. Overcash. 1984. Subsurface
drainage water quality from land application of swine lagoon effluent.
Trans. of the ASAE 27:4 73-480. [W00001]
Water quality was monitored for subsurface drainage from small plots. Nutrient
mass balances for nitrogen and phosphorus which include uptake by Costal bermudagrass, soil accumulation, surface runoff, subsurface drainage and an estimate of
nutrients leaching below the root zone are reported.

Evans, R.O., G.W. Gilliam and R.W. Skaggs. 1989. Managing water
table management systems for water quality. ASAE Paper No. 89-2129,
American Society of Agricultural Engineers, St. Joseph, Ml. [BP0065]
Fairchild, D.M. (ed). 1987. Ground water quality and agricultural practices. Lewis Publishers, Chelsea, Ml. [GW7018]

85

Provides papers (27) from a 1986 conference by the same name. Major subject
areas are groundwater usage, agricultural chemical use, sources of groundwater
pollution, evaluation techniques, and protection and management strategies.

Fausey, N.R. 1984. Drainage-tillage interaction on Clermont soil. Trans.
of the ASAE 27(2):403-406. [BP0134]
Corn yields are significantly affected by drainage. No-till on flat, low permeability
soils resulted in poor yields.

Fink, R.J., and D. Wesley. 1974. Corn yield as affected by fertilization
and tillage system. Agronomy Journal 66(1 ):70-71. [BP0188]
Fleige, H. and K. Baeumer. 1974. Effect of zero-tillage on organic carbon and total nitrogen content, and their distribution in different Nfractions in loessial soils. Agro Ecosystems 1:19-29. [BP0183]
Fletcher, J.J., and W.D. Seitz. 1986. Information needs for conservation
decisions. In: Lovejoy, S.B., and T.L. Napier (eds). Conserving Soil. Soil
Conservation Society of America, Ankeny, IA. p. 55- 70. [BE7019]
Good summary and assessment of factors under the headings of a marginal world,
a complex world, a dynamic world, and an uncertain world. Information needs for
guiding conservation policy formulation are: 1) marginal economic impacts of alternative conservation practices, 2) site-specific estimates of soil erosion impact on
productivity, 3) regional impacts of conservation alternatives, 4) estimates of offsite costs of soil erosion on a per-farm basis, 5) effects of international trade on soil
·
resources, 6) understanding and assessing feasibility of policies.

Forster, D.L., C.P. Bardos, and D.D. Southgate. 1987. Soil erosion and
water treatment costs. J. Soil Water Conserv. 42(5):349-352. [BP6073]
Fox, R.H., and L.D. Hoffman. 1981. The effect of N fertilizer source on
grain yield, N uptake, soil pH, and lime requirement in no-till corn.
Agronomy Journal 73:891-895. [BP0194]
Focuses on volatilization losses from surface app lied N fertilizers.

Fraser, D.G., J.W. Doran, W.W. Sahs, and G.W. Lesoing. 1988. Soil
microbial populations and activities under conventional and organic
management. J. Environ. Qual. 17(4):585-590.[BP0428]
Free, G.R., and C.E. Bay. 1969. Tillage and slope effects on runoff and
erosion. Trans. of the ASAE 12:209-215. [BP0344]
Frere, M.H., D.A. Woolhiser, J.H. Caro, B.A. Stewart, and W.H. Wischmeier. 1977. Control of nonpoint water pollution from agriculture: some
concepts. J. Soil and Water Conserv. 32(6):260-264. [BP0099]
This paper reviews federal statutes mandating NPS pollution control and area-wide
and local programs which have been suggested for NPS pollution control. Advantages and disadvantages of each approach are discussed . Effects of different policies and BMPs on nutrient and pesticide losses are discussed. Flow charts are
presented for developing and evaluating NPS pollution control plans.
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Frye, W.W. 1985. Energy requirements in conservation tillage. In: Proceedings of the 1985 Southern Region no-till conference. Georgia Agricultural Experiment Station, Experiment, Georgia. p. 15-24. [BP7123]
Frye, W.W., R.L. Blevins, L.W. Murdock, K.L. Wells, and J.H. Ellis. 1981.
Effectiveness of nitrapyrin with surface-applied fertilizer nitrogen in notillage corn. Agronomy Journal 73:287-289. [BP0193]
Nitrification inhibitor can be effective when applied directly to fertilizer than broadcast applied. Could be beneficial in severe leaching or denitrifying conditions.

Frye, W.W., W.G. Smith, R.J. Williams. 1985. Economics of winter
cover crops as a source of nitrogen for no-till corn. J. Soil Water Conserv. 40(2):246-249. [BP6039]
Fryrear, D.W., and P.T. Koshi. 1971 . Conservation of sandy soils with a
surface mulch. Trans. of the ASAE 14(3):492-495, 499. [BP0287]
Garner, M.M. 1977. Regulatory programs for nonpoint pollution control:
the role of conservation districts. J. Soil Water Conserv. 32(5): 199-204.
[BP0045]
Garner, W.Y., R.C. Honeycutt, and H.N. Nigg (eds). 1986. Evaluation of
pesticides in ground water. American Chemical Society, Washington,
DC. [PS7002]
Symposium proceedings that includes review chapters and specific research reports focusing on movement and fate in the soil profile and on pesticides in
groundwater. Thirty-two chapters, many by recognized experts . Provides an excellent resource.

Gianessi, L.P., H.M. Peskin, P. Crosson, and C. Puffer. 1986. Nonpointsource pollution: Are cropland controls the answer? J. Soil Water Conserv. 41 (4):215-218. [BP0008]
National modeling study by RFF focuses on sediment and phosphorus. Conclude
that focusing on erosion potential may not address real NPS impacts.

Gilley, J.E., S.C. Finkner, G.E. Varvel. 1987. Slope length and surface
residue influences on runoff and erosion. Trans. of the ASAE 30(1):148152. [BP0323]
Gilliam, J.W., R.W. Skaggs, and S.B. Weed. 1979. Drainage control to
diminish nitrate loss from agricultural fields. J. Environ. Qual. 8(1 ):137142. [BP0389]
Gilliam, J.W., and R.W. Skaggs. 1986. Controlled agricultural drainage
to maintain water quality. J. of Irrigation and Drainage 112(3):254-263.
[BP9003]
Gilliam, J.W., and G.D. Hoyt. 1987. Effect of conservation tillage on fate
a_
nd transport of nitrogen. In: Logan, T.J., J .M. Davidson, J.L. Baker, and
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M.A. Overcash. {eds). Effects of conservation tillage on groundwater
quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml. p. 217240. [BP7108]
Review literature regarding N dynamics in conservation tillage systems.

Gish, T.J., W. Zhuang, C.S. Helling and P.C. Kearney. 1986. Chemical
transport under no-till field conditions. Geoderma 38:251-259.
[BP0119]
The movement of atrazine, alachlor, and bromide into the soil profile was investigated on small field plots under no-till cultivation. Bromide movement was in
response to convective transport. A model is presented to predict pesticide movement.

Gish, T.J., and C.B. Coffman. 1987. Solute transport under no-till field
corn. Trans. of the ASAE 30(5): 1358-1363. [HG0061]
Simulate and describe the movement of a mobile chemical, bromide, through an
established no-till corn field (0.11 ha) where all of the water inputs are from meteorologic events.

Gish, T.J., C.S. Helling, and M. Mojasevic. 1989. Pesticide mobility as
affected by tillage practice and irrigation. Paper No. 89-2067. American
Society of Agricultural Engineer, St. Joseph, Ml. [PS0049]
Greatest potential for preferential flow and threat to groundwater is immediately
after pesticide application . Preferential flow was greater for no-till, but was observed for all treatments.

Glass, B.L., and W.M. Edwards. 1974. Picloram in lysimeter runoff and
percolation water. Bull. of Environmental Contamination and Toxicology
11(2):109-112. [PS0012]
Study investigates the movement of picloram in surface runoff and percolation
water from a lysimeter that was initially treated with picloram at 2 lb/ac (2.24
kg/ha).

Glotfelty, D., A.W. Taylor, B.C. Turner, and W.H. Zoller. 1984. Volatilization of surface-applied pesticides from fallow soil. J. Agric . Food Chem.
32(3):638-643. [PS0015]
In each of three field experiments, two or more pesticides were applied to fallow
soil as a homogeneous spray mixture. Simultaneous volatilization allowed assessment of the importance of chemical properties, diffusion, solar energy input, and
soil moisture distribution in controlling losses of unincorporated pesticides.

Glotfelty, D. 1987. The effects of conservation tillage practices on pesticide volatilization and degradation. In: Logan, T.J., J .M. Davidson, J.L.
Baker, and M.A. Overcash. {eds). Effects of conservation tillage on
groundwater quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml. p.169-178. [BP7104]
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A general view of how conservation tillage affects soil properties and pesticide
volatilization and degradation. Surface mulch, application method, soil temperature, moisture distribution, and organic matter distribution impact pesticide fate.

Gold, A.J., and T.L. Loudon. 1986. Runoff water quality from conservation and conventional tillage. Paper No. 86-2540, American Society of
Agricultural Engineers, St. Joseph, Ml. [BP0005]
Measures sediment, N and P measured in surface runoff and tile drainage from two
fields (4 .62 and 3.89 ha) with 0.8% slopes. Runoff was 30% greater from conventional tillage. Tile flow contributed the most flow from both fields (65% chisel plow,
57.66% CT). Chisel plow had 70% less sediment loss than CT. Most losses were
due to two large storms occurring during early or late spring (84% of sed from CT).
Soluble P was 60 and 48% of total Pin overland flow from chisel plow and CT plots,
respectively. Nitrates in tile drainage> 10 mg/l (10.5-11. 7 mg/L).

Goodroad, LL., and A.E. Smith. 1985. Plant nutrient availability following chemical site preparation for conservation land use development. In:
Proceedings of the 1985 Southern Region no-till conference. Georgia
Agricultural Experiment Station, Experiment, GA. p.146-148. [BP7145]
Goss, M.J., K.R. Howse, and W. Harris. 1978. Effects of cultivation on
soil water retention and water use by cereals in clay soils. J. Soil
Science 29:475. [BP0219]
Greater water storage, infiltration, and water use was observed on no-till plots .
More water was available under dry conditions, and drainage to sub-surface drains
was more rapid under wet conditions.

Gossett, R.E., and R.O. Hegg. 1987. A comparison of three sampling
devices for measuring volatile organices in groundwater. Trans. of the
ASAE 30(2):387-390. [PS0023]
Research determines the effect of well casing, lift height, and sampling method on
recovery of three volatile organics. Laboratory experiments involved the use of two
types of well casing, three lift heights, and three sampling methods.

Gregory, J.M. 1982. Soil cover prediction with various amounts and
types of crop residue. Trans. of the ASAE 25: 1333-1337. [BP0283]
Griffin, M.L., D.B. Beasley, J.J. Fletcher, and G.R. Foster. 1988. Estimating soil loss on topographically nonuniform field and farm units. J. Soil
Water Conserv. 43(4):326-331. [BP6086]
Griffith, D.R., J.V. Mannering, and H.M. Galloway. 1973. Effect of eight
tillage-planting systems on soil temperature, percent stand, plant
growth, and yield of corn on five Indiana soils. Agronomy Journal
65:321-326. [BP0350]
Griffith, D.R., J.V. Mannering, and W.C. Moldenhauer. 1977. Conservation tillage in the eastern Corn Belt. J. Soil and Water Conserv.
32(1 ):20-28. [BP0070]
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Article outlines the movement of tillage practices in the eastern Corn Belt from
conventional tilage to conservation tillage practices, such as limited tillage with
plowing, no-plow full-width tillage, ridge planting, or narrow strip tillage and double cropping. Tillage effects on erosion, water conservation, yields, fertilizer, soil
characteristics and weed control are investigated.

Griffith, D.R., and J.V. Mannering. 1985. Difference in crop yields as a
function of tillage system, crop management and soil characteristics. In:
F.M. D'ltri (ed.). A systems approach to conservation tillage. Lewis Publishers, Inc., Chelsea, Ml. p. 47-58. [BP7005]
Review research no crop yields as a function of the major factors that influence the
success of reduced tillage: soil drainage, previous crop, length of growing season,
nitrogen application, pest problems, and operator management skills. Present yield
coefficients for corn for different tillage practices.

Groffman, P.M. 1984. Nitrification and denitrification in conventional
and no-tillage soils. Soil Sci. Soc. Am. J. 49:329-334. [BP0249]
Higher nitrification and denitrification in surface 5-cm of soil under no-till, with
reverse trend at lower depth in comparison with conventional tillage. Total activity
in the 0-21 cm depth was not significantly different between treatments.

Grover, R., A.E. Smith, S.R. Shewchuk, A.J. Cessna, and J.H. Hunter.
1988. Fate of trifluralin and triallate- applied as a mixture to
wheat
field. J. Environ. Qual. 17(4):543-550. [PS0033]

a

Paper reports the relative partitioning .of triallate and trifluralin between the soil
and air components following application and incorporation and their subsequent
dissipation from these two components over the entire growing season .

Guitjens, J.C. and W.W. Miller. 1980. Irrigation water and surface
runoff quality and quantity in Carson Valley, Nevada. Water Res. Bui.
16(3):459-462. [BP0102]
Gupta, S.C., C.A. Onstad, and W.E. Larson. 1979. Predicting the effects
of tillage and crop residue management on soil erosion. J Soil and
Water Conserv. 34:77-79. [BP0166]
Provides regional modeling analysis (USLE) for midwest corn belt MLRAs and
screening model for residue management.

Hadeed, S.J. 1976. Irrigated agriculture: nonpoint and point source
water pollution. J Water Poll. Control Fed. 48(9):2116-2119. [BP0046]
Hairston, J.E., J.O. Sanford, J.C. Hayes, and L.L. Reinschmiedt. 1984.
Crop yield, soil erosion, and net returns from five tillage systems in the
Mississippi Blackland Prairie. J. Soil Water Conserv. 39(6):391-395 .
[BP0073]
Four tillage systems and a double-cropped wheat-soybean rotation were studied to
determine effects on soil loss, runoff, soybean yields, and net returns.

Haith, D.A. 1980. A mathematical model for estimating pesticide losses
in runoff. J. Environ. Oual. 9(3):428-433. [BP0032]
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Simple screening model proposed for estimating losses of dissolved and solidphase pesticides in cropland runoff.

Haith, D.A. 1985. Variability of pesticide loads to surface waters. J.
Water Poll. Control Fed. 57(11):1062-1067. [PS0004]
Gives simple model that generates probabilities of mean annual pesticide load to
surface water.

Haith, D.A. 1987. Extreme event analysis of pesticide loads to surface
waters. J. Water Poll. Control Fed. 59(5):284-288. [PS0005]
Model for frequency (probability) of daily pesticide loads to surface water developed.

Halbach, D.W., C.F. Runge, and W.E. Larson (eds). 1987. Making soil
and water conservation work: Scientific and policy perspectives. Soil
Conservation Society of America, Ankeny, IA. [BE7031]
Papers from a conference held October 1986 are some research reviews, but several are responses and assessments of new policy initatives, especially to components of the 1985 Farm Bill.

Hall, J.K., N.L. Hartwig, and L.D. Hoffman. 1983. Application mode and
and alternate cropping effects on atrazine losses from a hillside. J.
Environ. Qual. 12(3):336-340. [PS0018]
Report shows how management of herbicide application and the use of strip cropping on a slope can markedly alleviate herbicide losses.

Hall, J.K., N.L. Hartwig, and L.D. Hoffman. 1984. Cyanazine losses in
runoff from no-tillage corn in "living" and dead mulches vs. unmulched,
conventional tillage. J. Environ. Oual. 13(1):105-110. [BP0021]
A three-year study was undertaken to evaluate losses of cyanazine in runoff water
and sediment from no-till planting of corn in corn stover mulch and "living
mulches" of crownvetch and birdsfoot trefoil with conventional tillage. Compared
to conventional system, no-till reduced runoff from 86.3 to 98.7%, soil !oss from
96. 7 to 100%, and cyanazine losses from 84.9 to 99.4% over the three growing
seasons . Living mulches were more effective in reducing erosion than corn stover
residue. No significant differences on corn yield were observed due to mulch type.
The authors concluded that living mulch for corn production is a highly innovative
management system for providing the ultimate in erosion control.

Hallberg, G.R. 1988. Facing the dilemma: Where do we go from here?
In: Agricultural chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation, Navarre, MN. p. 43-51.
[GW7099]
A broad assessment of U.S. agriculture and the NPS pollution of groundwater. Current technical limitations are in understanding (being able to predict) fate and
transport and in defining health risks. Halberg proposes "Integrated Pharm Management" (IPM) as a solution .
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Halstead, J.M., R.A. Kramer, and S.S. Batie. 1988. Manure testing as a
nutrient management practice: A logit analysis of Rockingham County
Virginia dairy farms. Dept. of Agricultural Economics, Virginia Polytechnic Institute and State University, Blacksurg. [BP0378]
Hamblin, A.P., and D. Tennant. 1981. The influence of tillage on soil
water behavior. Soil Science 132(3):233-239. [BP0162]
Minimum, rather than zero, tillage may be desirable for sandy soils with low clay
(<10%) and OM (<1 .2%) content.

Hamlett, J.M., J.L. Baker, S.C. Kimes, and H.P. Johnson. 1984. Runoff
and sediment transport within and from small agricultural watersheds.
Trans. of the ASAE 27(4): 1355-1363. [BP0130]
Precipitation, runoff and sediment loads for six nested watersheds in Iowa in a
heavily row-cropped region were monitored for five years. There were significant
temporal and spatial variations in precipitation in the watersheds. During smaller
storms, timing and amount of tillage affected runoff amounts the most with the
most recent and heavily tilled watersheds having the least runoff. There was no
difference for large storms even though tillage and canopy differed. Considerable
deposition occurred within the watershed. Peak sediment concentrations generally
preceeded or occurred simultaneously with peak runoff rates.

Hargrove, W.L., J.T. Reid, J.T. Touchton, and R.N. Gallaher. 1982. Influence of tillage practices on the fertility status of an acid soil doublecropped to wheat and soybeans. Agronomy Journal 74:684-687.
[BP0196]
No-till results in the accumulation of macroand micro-nutrients near the soil surface.

Hargrove, W.L., and W .S. Hardcastle. 1984. Conservation tillage practices for winter wheat production in the Appalachian Piedmont. J. Soil
Water Conserv. 39(5):324-326. [BP6030]
Hargrove, W.L. 1985. Influence of tillage on thie distribution of soil nutrients under continuous soybean production. In: Proceedings of the
1985 Southern Reg.ion no-till conference. Georgia Agricultural Experiment Station, Experiment, GA. p. 78-81 . [BP7132]
Hargrove, W.L., F.C. Boswell, and G.W. Langdale (eds). 1985. Proceedings of the 1985 Southern Region no-till conference . Georgia Agricultural Experiment Station, Experiment, GA. [BP7160]
Conference proceedings contains brief reports (3-5 pages) of research results and
research in progress. Around 40 contributors on topics of crop management and
cropping systems, soil management and soil fertility, soil erosion and productivity,
pest control, environmental quality, economics, and future prospects.

Harrold, LL., G.B. Triplett, Jr., and W.M. Edwards. 1970. No-tillage corn
Characteristics of the system. Agricultural Engineering 51: 128-131.
[BP0179]
Provides review and presentation of no-till corn production for a general audience .
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Harrold, LL., and W.M. Edwards. 1974. No-tillage system reduces erosion from continuous corn watersheds. Trans. of the ASAE 17:414-416.
[BP0068]
Two watersheds, one in continuous no-till corn and the other in continuous conventionally tilled corn, were compared to determine the effect on erosion. The soil
erosion per unit of El was found to be greater for conventionally tilled corn than for
no-till corn.

Hayes, W.A. 1985. Conservation tillage systems and equipment requirements. In: F.M. D'ltri {ed.). A systems approach to conservation tillage.
Lewis Publishers, Inc., Chelsea, Ml. p.21-40. [BP7003]
Gives brief history and general description of tillage practices and summarizes
costs for different types.

Heady, E.O., G.F. Vocke. 1978. Trade-offs between erosion control and
production costs in U.S. agriculture. J. Soil Water Conserv. 33:227-230.
[BE0020]
Modeling study (LP) shows nationwide, soil loss can be reduced significantly (50%)
with only slight increase in production costs, but that further improvements
increase costs rapidly.

Heathman, G.C., LR. Ahuja, and J.L. Baker. 1986. Test of a nonuniform mixing model for transfer of herbicides to surface runoff. Trans.
of the ASAE 29(2):450-455, 461. [BP0364]
Heatwole, C.D., A.B. Bottcher, and L.B. Baldwin. 1986. Basin scale
model for evaluating best management practice implementation programs. Trans. of the ASAE 29(2):439-444. [MD0136]
Heatwole, C.D., A.B. Bottcher, and L.B. Baldwin. 1987. Modeling costeffectiveness of agricultural nonpoint pollution abatement programs on
two Florida basins. Water Res. Bui. 23(1):127-131. [MD0137]
Heatwole, C.D., K.L. Campbell, and A.B. Bottcher. 1987. Modified
CREAMS hydrology model for Coastal Plain flatwoods. Trans. of the
ASAE 30(4): 1014-1022. [MD0156]
Heatwole, C.D., A.B. Bottcher, and K.L. Campbell. 1987. Basin scale
water quality model for Coastal Plain flatwoods. Trans. of the ASAE
30(4): 1023-1030. [MD0158]
Heatwole, C.D., T.A. Dillaha, S. Mostaghimi, and R.A. Kramer. 1988.
Effectiveness and impacts of agricultural best management practices: a
systems approach. Paper No. 88-2037, American Society of Agricultural
Engineers, St. Joseph, Ml. [BP0403]
Heatwole, C.D., K.L. Campbell, and A.B. Bottcher. 1988. Modified
CREAMS nutrient model for Coastal Plain watersheds. Trans. of the
ASAE 31 { 1):154-160. [MD0153]
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Heatwole, C.D., P.L. Diebel, J.M. Halstead, S.S. Batie, R.A. Kramer, and
D.B. Taylor. 1989. Management and policy effects on potential groundwater contamination from dairy waste. Paper No. 89-4090. American
Society of Agricultural Engineer, St. Joseph, Ml. [MD0038]
Heatwole, C.D., and T.L. Zhang. 1989. An expert system interface for
the CREAMS-WT water quality model. In: Proc. International Symposium on Agricultural Engineering. Agricultural Engineering University,
Beijing, P.R.C. [ES0083]
Present concepts and prototype example of knowledge-based system as an interface for a simulation model.

Heilman, M.D. 1988. In-row chisel plowing: Effect on plant growth and
properties of clay soils. J. Soil Water Conserv. 43(2):202-204. [BP6082]
Heimlich, R.E., and N.L. Bills. 1984. An improved soil erosion classification for conservation policy. J. Soil Water Conserv. 39(4):261-266.
[BP6029]
Helling, C.S., and T.J. Gish. 1986. Soil characteristics affecting pesticide movement into ground water. In: Garner, W.Y., R.C. Honeycutt, and
H.N. Nigg (eds). Evaluation of pesticides in ground water. American
Chemical Society, Washington, DC. p.14-38. [PS7004]
Model sensitivity analysis and literature review establish the importance of soil
factors in pesticide leaching as hydraulic conductivity> organic matter> bulk density.

Helling, C.S. 1987. Effect of conservation tillage on pesticide dissipation. In: Logan, T.J., J.M. Davidson, J.L. Baker, and M.R. Overcash.
(eds). Effects of conservation tillage on groundwater quality: Nitrates
and pesticides. Lewis Publishers, Chelsea, Ml. p.179-188. [BP7105]
Adds to the previous chapter (Glotfelty, 1987) research data and examples. Concludes that pesticide degradation may be faster in no-till than conventional tillage.

Hendrix, P.F., R.W. Parmelee, D.A. Crossley, Jr., D.C. Coleman, E.P.
Odum, and P.M. Groffman. 1986. Detritus food webs in conventional
and no-tillage agroecosystems. BioScience 36(6):374-380. [BP0255]
Interesting view of no-till from an ecosystem perspective. Decomposition and
release of nutrients from organic matter appears to be primarily mediated by fungi
in no-till systems and by bacteria in conventional till systems. Soil moisture, thus
climate and soil type, are crucial factors that introduce uncertainty in the hypothesized relationships.

Herbek, J.H., L.W. Murdock, and R.L. Blevins. 1986. Tillage system and
date of planting effects on yield of corn on soils with restricted drainage. Agronomy Journal 78:824-826. [BP0362]
Hergert, G.W., S.D. Klausner, D.R. Bouldin, and P.J. Zwerman. 1981.
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Effects of dairy manure on phosphorus concentrations and losses in tile
effluent. J. Environ. Qua I. 10(3):345-349. [GW0016]
Manure application rates should be limited to meet nutrient requirements of crop
to avoid undesirable impact on water quality.

Hern, S.C., and S.M. Melancon. 1987. Vadose zone modeling of organic
pollutants. Lewis Publishers, Inc., Chelsea, Ml. [MD7115]
Hill, A.R., and W.P. Mccague. 1974. Nitrate concentrations in streams
near Alliston, Ontario, as influenced by nitrogen fertilization of adjacent
fields. J. Soil and Water Conserv. 29:217-220. [BP0387]
Hilner, H.R. 1985. Leadership in conservation tillage. In: F.M. D'ltri (ed.).
A systems approach to conservation tillage. Lewis Publishers, Inc.,
Chelsea, Ml. p.15-20. [BP7002]
This book is divided into four sections. The first section (ch. 1-8) presents information on the historical aspects of conservation tillage. Chapters 9-12 describe
methods used to control weeds, insects and plant diseases. Chapters 13 through
15 discuss the economics and energy requirements for selected crop systems, and
chapters 16 through 25 address environmental, public policy, and sociological factors that influence the adoption of conservation tillage practices in spite of duplication and lack of completeness and consistency in presentation.

Hinkle, M.K. 1983. Problems with conservation tillage. J. Soil Water
Conserv. 38:201-206. [BP0223]
Good review and assessment of conservation tillage in light of its limitations.
Inherent problems are increased pests, disease, weeds that result from reduced
tillage. Management level must increase, and IPM, crop rotations, and other system
views must be used. Conservation tillage is an important tool in erosion control but
must be evaluated and applied selectively. Additional research is needed to resolve
the problematic aspects of conservation tillage .

Hinkle, M.K. 1985. Conservation vs. conventional tillage: Ecological and
environmental considerations. In: F.M. D'ltri (ed.). A systems approach
to conservation tillage. Lewis Publishers, Inc., Chelsea, Ml. p. 299-314.
[BP7019]
Provides general review of pesticide use and environmental impacts.

Holt, R.F. 1973. Surface water quality is influenced by agricultural practices. Trans. of the ASAE 16:565-568. [BP0288]
Hons, F.M., R.G. Lemon, and V.A. Saladino. 1985. Tillage and cropping
sequence effects on yields and nitrogen use efficiency. In: Proceedings
of the 1985 Southern Region no-till conference. Georgia Agricultural
Experiment Station, Experiment, GA. p.107-111. [BP7138]
Horton, P. 1988. Managing agrichemicals: The role of education and
incentives. In: Agricultural chemicals and groundwater protection:
Emerging management and policy. Freshwater Foundation, Navarre,
MN. p.79-82. [BE7006]
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Is an overview of the objectives and components of a successful education program.

House, G.J., and J.N. All. 1981. Carabid beetles in soybean agroecosystems. Entomological Society of America 10(2): 194-196. [BP0206]
Carabid beetles were greater in abundance in conservation till fields.

House, G.J., and B.R. Stinner. 1983. Arthropods in no-tillage soybean
agroecosystems: Community composition and ecosystem interactions.
Environmental Management 7(1 ):23-28. [BP0207]
No-till fields support a robust, resident arthopod community with both pests and
predators. In general, no-till will require more intensive management and more
information to be able to establish trade-off criteria. Strategies for pest management in no-till should focus on the entire cropping system . Data on arthropod
dynamics is very limited.

House, G.J., B.R. Stinner, D.A. Crossley, Jr. and E.P. Odum. 1984. Nitrogen cycling in conventional and no-tillage agro-ecosystems: Analysis
of pathways and processes. J. Applied Ecology 21 :991-1012. [BP0213]
Soil tillage practices were important regulators of N flux between systems components and N storage capacity within then:i. The undisturbed soil and litter layers of
no-till systems generate complex decomposition subsystems which mimic those
found in natural terrestrial systems. Authors speculate that biologically mediated
nitrogen-retention mechanisms develop and operate to a greater extent in notillage than in conventional tillage systems.

House, G.J., B.R. Stinner, D.A. Crossley, Jr., E.P. Odum, and G.W.
Langdale. 1984. Nitrogen cycling in conventional and no-tillage agroecosystems in the Southern Piedmont. J. Soil Water Conserv. 38: 194200. [BP0226]
Interesting ecosystem study focuses on N dynamics, crop and weed production,
litter decomposition, crop consumption by insects, N leachate, and soil organic N.
No-till results in a stratified soil with increased organic-N in the top 10 cm, slowed
litter decomposition, and resulted in higher N retention and recycling capacity.

Hubbard, R.K., and J.M. Sheridan. 1989. Nitrate movement to groundwater in the southeastern Coastal Plain. J. Soil Water Conserv.
44(1 ):20-27. [BP6092]
Humenik, F.J., L.F. Bliven, M.R. Overcash, and F. Koehler. 1980. Rural
nonpoint source water quality in a southeastern watershed. J. Water
Pollution Control Federation 52(1 ):29-43. [BP0031]
Grab water samples from the forested and agricultural Piedmont, plus well and
poorly drained Coastal Plain areas of the Chowan River basin were analyzed to
investigate the nature of rural runoff from a basin-wide area. Water yield and associated nutrient yields were greater during the winter and spring seasons than during the rest of the year. NQ3 concentrations were high during low-flow conditions
at smaller sites (0.5 sq km), but not at larger sites (20 sq km). Comparison of the
areas indicated that the dominant variation was between the Piedmont and Coastal
Plain, mainly due to physiographic variations in basin characteristics such as vegetation, soil type, and ocean proximity.

96

Humenik, F.J., F.A. Koehler, S.A. Dressing, J.M. Kreglow, and R.P.
Maas. 1983. Conference summary and research needs: An environmental perspective. In: Schaller, F.W., and G.W. Bailey (eds). Agricultural management and water quality. Iowa State University Press, Ames,
IA. p. 458-463. [BP7031]
Summarizes conference presentations around five points: 1) Modeling where do we
go from here? 2) BMPs what works and how well? 3) Evaluation-ls the job getting
done? 4) Water quality 5) Systems approach a holistic view of needs and opportunities.

Humenik, R.J., B.A. Young, and F.A. Koehler. 1983. Investigations of
strategies for reducing agricultural nonpoint sources in the Chowan
river basin. North Carolina Water Res. Res. Institute. [BP9011]
Hummel, J.W., L.M. Wax, and J.C. Siemens. 1985. Reduced tillage systems: How they compare. Ag. Engineering 66(9): 18-19. [BP0064]
Hussein, M.H., and J.M. Laflen. 1982. Effects of crop canopy and
residue on rill and interrill soil erosion. Trans. of the ASAE 25:13101315. [BP0282]
Irvine, T., and G. Mulamoottil. 1987. Use of soils information in land
use control: A case study of Perth County, Ontario. J. Soil Water Conserv. 42(2): 133-136. [BP6072]
Israelsen, O.W. 1960. Soil and water conservation engineering outside
the USA. Trans. of the ASAE 3:42-47. [BP0285]
JSWC. 1981. Soil conservation problems and practices: A farmer view.
J. Soil Water Conserv. 36(4): 186-193. [BE0012]
Seven prominent farmers from different regions discuss the severity of soil erosion,
prospects for adoption of conservation tillage, voluntary versus mandatory programs, and who should pay.

JSWC. 1989. To till or not to till during drought. J. Soil and Water Conserv. 44(2):117-120. [BP6098]
JWPCF. 1981. Controlling rural non-point-source pollution. J. Water
Pollut. Control Fed. 53(4):440-443. [BE0014]
A position paper on agricultural nonpoint source pollution control. Major problem
with designing controls is ignorance of sources, processes, and impacts. Present
knowledge is not adequate to support a mandatory control program, so voluntary
and incentive programs should be used.

JWPCF. 1981. Improving water quality criteria and standards. J. Water
Pollut. Control Fed. 53(4):434-439. [BE0015]
Is a WPCF position paper on water quality standards.

Jackson, G.W. 1988. Agricultural management practices to minimize
groundwater contamination and a site-specific farm assessment pro97

cess. In: Agricultural chemicals and groundwater protection: Emerging
management and policy. Freshwater Foundation, Navarre, MN. p.125132. [BP7043]
Gives an excellent review of overall factors related to minimizing groundwater contamination. Proposes an overall "farm assessment system."

Jackson, M. 1988. Amish agriculture and no-till: The hazards of applying the USLE to unusual farms. J. Soil Water Conserv. 43(6):483-486.
[BP6091]
Jackson, W.A., LE. Asmussen, E.W. Hauser, and A.W. White. 1973.
Nitrate in surface and subsurface flow from a small agricultural watershed. J. Environ. Oual. 2(4):480-482. [BP0398]
Jacobs, J., and G. Casler. 1987. Internalizing externalities of phosphorus discharges from crop production to surface water: Effluent taxes
versus uniform reductions. American Journal of Agricultural Economics
61 (2):309-312. [RK9007]
This article is an empirical comparison of the social costs and cost to farmers of
using an effluent tax to reduce phosphorus discharges. Comparisons were made to
a policy of uniform reduction (regulatory ~pproach) and a modified effluent tax. The
watershed was modeled with a linear programming model.

Jacobs, J.J., and J.F. Timmons. 1974. An economic analysis of agricultural land use practices to control water quality. Am. J. Agr. Econ. (Nov.
1974):791-798. [BE0018]
Modeling study showed abatement costs to farmers are substantial and increase
rapidly as constraints on sediment and phosphorus losses become more stringent.

James, P.E., and D.E. Wilkins. 1972. Deep plowing an engineering
appraisal. Trans. of the ASAE 17:420-422. [BP0175]
Sub-soiling effect on yields and soil characteristics is described.

Jarrett, A.R., J.M. Hamlett, M.D. Shaw, L.K. Brannaka, G.M. Heistand,
P.O. Robilland, and R.F. Blough. 1988. Evaluating the erosion potential
from split-tilled cropland. Paper No. 88-2013, American Society of Agricultural Engineers, St. Joseph, Ml. [BP0404]
Jasa, P.J., and E.C. Dickey. 1989. Subsoiling effects on erosion an&
runoff. Paper No. 89-2158. American Society of Agricultural Engineers,
St. Joseph, Ml. [BP0057]
Jennings, G.D., and A.R. Jarrett. 1985. Laboratory evaluation of
mulches in reducing erosion. Trans. of the ASAE 28(5): 1466-1470.
[BP0146]
Ten mulch treatments were compared to fallow soil erosion losses. Straw, bark,
fabrics, and rock were used as mulch .
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Johnson, C.B., J.V. Mannering, and W.C. Moldenhauer. 1979. Influence
of surface roughness and clod size and stability on soil and water
losses. Soil Sci. Soc. Am. J. 43:772-777. [BP0235]
Stable clods and high surface roughness can be effective in reducing erosion, but
clods must be large enough and stable enough to maintain high infiltration until
crop canopy covers the soil surface.

Johnson, C.B., and W.C. Moldenhauer. 1979. Effect of chisel versus
moldboard plowing on soil erosion by water. Soil Sci. Soc. Am. J.
43: 177-179. [BP0341]
Review literature related to BMPs for reducing erosion and sedimentation. Econom ics and regional differences are discussed.

Johnson, H.P., J.L. Baker, W.D. Shrader, and J.M. Laflen . 1979. Tillage
system effects on sediment and nutrients in runoff from small watersheds. Trans. of the ASAE 22(5): 1110-1114. [BP0091]
The effects of till planting, ridge planting, and conventional tillage systems on the
losses of N and sediment from six small watersheds are investigated.

Johnson, H.P., J .L. Baker, W.D. Shrader, and J.M. Laflen. 1979. Tillage
system effects on sediment and nutrients in runoff from small watersheds. Trans. of the ASAE 22(5): 1110-1114. [BP0355]
Johnson, J.S. 1979. The role of conservation practices as best management practices. In: Loehr, Haith, Walter, and Martin (eds}. Best
Management Practices for Agriculture and Silviculture. Ann Arbor
Science Pub. p. 69 -78. [BE0009]
Johnson, M.D., B. Lowery, and T.C. Daniel. 1984. Soil moisture regimes
of three conservation tillage systems. Trans. of the ASAE 27(5): 13851390. [BP0085]
The mechanisms and magnitude of soil moisture storage by four tillage systems are
investigated.

Johnson, P.W. 1988. Iowa's 1987 Groundwater Protection Act: Purpose
and process. In : Agricultural chemicals and groundwater protection:
Emerging management and policy. Freshwater Foundation, Navarre,
MN. p.167-170. [GW7104]
The legislative process involved extensive education and community input, andd
this was, in itself, a major benefit of the final bill.

Johnson, R.R. 1986. Tillage versus chemicals budgets need the systems
approach. Paper No. 86-1521, American Society of Agricultural Engineers, St. Joseph, Ml. [BP0004]
Discusses need for assessing machine costs on a unit area basis to be able to make
meaningful comparisons of alternatives. Gives sample data and examples.
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Jones, C.A., C.V. Cole, A.N. Sharpley, and J.R. Williams. 1984. A simplified soil and plant phosphorus model: I. Documentation. Soil Sci. Soc.
Am. J. 48:800-805. [PH0056]
Gives a soil and plant phosphorous model for incorporation into the ErosionProductivity Impact Calculator (EPIC). One of three papers: part I describes model
structure for one soil layer, part II involves parameter estimation, and part Ill
reports on testing and verification results for several long-term experiments.

Jones, J.N., Jr., J.E. Moody, and J.H. Lillard. 1969. Effects of tillage, no
tillage, and mulch on soil water and plant growth. Agronomy Journal
61 :719-721. [BP0176]
Early study of no-till in Virginia given.

Jones, J.N., Jr., H.D. Perry, E.L. Mathias, M.C. Carter, R.J. Wright, J.L.
Hern, and O.L. Bennett. 1983. Conservation tillage in Appalachia. J.
Soil Water Conserv. 38(3):219-221. [BP6020]
Jones, R.C., and B.H. Holmes. 1985. Effects of land use practices on
water resources in Virginia. Bulletin 144, Virginia Water Resources
Research Center, Virginia Polytechnic Institute and State University,
Blacksburg, VA. [BP0333]
Review of literature examines relationships between land use and water resources
for three major land uses in the state: agriculture, urban, forest. Also reviewed
state programs and outlined research needs.

Jury, W.A., G. Sposito, and R.E. White. 1986. A transfer function model
of solute transport through soil. I. Fundamental concepts. Water Res.
Res. 22(2):243-247. [BP0373]
Kanwar, R.S., J.L. Baker, and J.M. Laflen. 1985. Nitrate movement
through the soil profile in relation to tillage system and fertilizer application method. Trans. of the ASAE 26(16):1802-1807. [BP0067]
The movement of NQ3 through no-till and moldboard plowed plots was measured
after two simulated rainfalls, one day apart. The no-till plots had significantly
higher amounts of NQ3 remaining in the 0-30 cm layer and had lower leaching
losses from 0-150 cm than the moldboard plowed plots.

Kanwar, R.S., and C. Everts. 1988. Movement of nitrogen through the
vadose zone of artificaly drained soils. Paper No: 88-2027, American
Society of Agricultural Engineers, St. Joseph, Ml. [GW0094]
Field study found rapid downward movement of nitrogen and bromide, which was
attributed to preferential flow through macropores.

Kay, B.D., C.D. Grant, and P.H. Groenevelt. 1985. Significance of
ground freezing on soil bulk density under zero tillage. Soil Sci. Soc.
Am. J. 49:973-978. [BP0122]
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Kay, R.L., and J.L. Baker. 1989. Management with ridge tillage to
reduce chemical losses. Paper No. 89-2157. American Society of Agricultural Engineers, St. Joseph, Ml. [BP0062]
Keeble, J.J., W.A. Allen, and E.B. Hale. 1982. Integrated pest management a best management practice. Publication 390-409, Virginia Polytechnic Institute and State University. [BP0369]
Keeney, D.R. 1983. Transformations and transport of nitrogen. In:
Schaller, F.W., and G.W. Bailey (eds). Agricultural management and
water quality. Iowa State University Press, Ames, IA. p. 48-64.
[MD7043]
Good review (though general) of N transformations is provided.

Kellsd, J.J., and W.F. Meggitt. 1985. Conservation tillage and weed control. In: F.M. D'ltri (ed.). A systems approach to conservation tillage.
Lewis Publishers, Inc., Chelsea, Ml. p.123-130. [BP7011]
Tillage can actually favor germination of weed seeds. Under no-till, weed germination will be more sporadic and extended over a longer period of time. Good weed
control gets easier (i.e .. avoid seeding), while poor weed control gets worse.

Kenimer, A .L., S. Mostaghimi, R.W. Young, T.A. Dillaha, and V.O.
Shanholtz. 1987. Effects of residue cover on pesticide losses from conventional and no-tillage systems. Trans. of the ASAE 30(4):953-959.
[BP0413]
Atrazine and 2.4-D losses in runoff from no-till and conventional till systems were
compared in a rainfall simulator plot study. Concentration of the two pesticides in
runoff and sediment were greater from the no-till system, however, total losses
were less. Atrazine losses were 2.9% of the applied amount for conventional tillage
and 0 .3% for no-till . Corresponding values for 2.4-D were 0.3 and 0.02%.

Kenimer, A.L., S. Mostaghimi, T.A. Dillaha, and V.O . Shanholtz. 1989.
PLIERS: Pesticide losses in erosion and runoff simulator. Trans. of the
ASAE 32(1):127-136. [MD0164]
The developed model accounts for degradation, volatilization, washoff, adsorption
and desorption . The model was validated using data on atrazine and 2.4-D losses
from no-till and conventional tilled plots.

Kerestes, D., and K.W. Easter. 1981 . A review and annotated bibliography of studies of soil conservation programs, practices and strategies. Staff paper P81-1, Department of Agricultural and Applied Economics, St. Paul, MN. [RK9035]
A brief review of economic studies of soil conservation is presented with an
emphasis on policy and on Minnesota . In addition, annotations of 130 articles are
presented .
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Kerns, W.R., and R.A. Kramer. 1985. Farmers' attitudes toward nonpoint pollution control and participation in cost-share programs. Water
Resources Bulletin 21 (2):207-215. [BE0003]
Surveyed farmers in the Nansemond River Chuckatuck Creek RCWP watershed.
Farmers responded favorably to cost-sharing, tax credits and low-interest loans but
were not in favor of a soil-loss tax policy option. Characteristics of those participating and not participating in the RCWP program are described.

Kerns, W.R., and R.A. Kramer. 1985. Farmers' attitudes toward nonpoint pollution control and participation in cost-share programs. Water
Resources Bulletin 21 (2):207-215. [BP7178]
Khaleel, R. G.R. Foster, K.R. Reedy, M.R. Overcash, and P.W. Westerman. 1979. A nonpoint source model for land areas receiving animal
wastes: IV. Model inputs and verification for sediment and manure
transport. Trans. of the ASAE 22(6): 1362-1368. [BP0033]
Khaleel, R., G.R. Foster, K.R. Reddy, M.R. Overcash, and P.W. Westerman. 1979. A nonpoint source model for land areas receiving animal
wastes: Ill. A conceptual model for sediment and manure transport.
Trans. of the ASAE 22(6): 1353-1361. [BP0034]
Khanbilvardi, R.M., and A.S. Rogowski. 1984. Mathematical model of
erosion and deposition on a watershed. Trans. of the ASAE 27(1 ):73-79.
[BP0284]
Application of a rill-interrill erosion model to larger watersheds where data, except
for those available from ACS or University Extension, are lacking as opposed to
smaller watersheds and plots on which the model was tested.

Kilmer, V.J., J.W. Gilliam, J.F. Lutz, R.T. Joyce, and C.D. Eklund. 1974.
Nutrient losses from fertilized grassed watersheds in Western North
Carolina. J. Environ. Qual. 3(3):214-219. [BP0392]
Kimm, V.J., and R. Sarles. 1988. EPA's pesticides in ground water strategy. In: Agricultural Chemicals and Groundwater Protection: Emerging
Management and Policy. Freshwater Foundation, Navarre, MN. p.135145. [GW7100]
Background and overview of EPA's long-term groundwater protection strategy is
given . Discusses goals, and basic strategy (management approach).

Kirby, H.W. 1985. Conservation tillage and plant disease. In: F.M. D'ltri
(ed.). A systems approach to conservation tillage. Lewis Publishers, Inc.,
Chelsea, Ml. p.131-136. [BP7012]
Conservation tillage can affect crop diseases directly and indirectly to increase or
decrease their effect. Various factors and their effect are reviewed. Crop stress and
all the variables that cause it are significant to disease outbreaks.

102

Kitur, B.K., M.S. Smith, R.L. Blevins, and W.W. Frye. 1984. Fate of Ndepleted ammonium nitrate applied to no-tillage and conventional tillage corn. Agronomy Journal 76:240-242. [BP0198]
Crop recovery of N at low fertilization rates is usually low, likely due to increased
immobilization of N at the soil surface. With adequate fertilization, corn yields are
equal or higher for NT compared with CT. Tillage effects on denitrification and
leaching not significant.

Klausner, S.D., P.J. Zwerman, and D.F. Ellis. 1974. Surface runoff
losses of soluble nitrogen and phosphorus under two systems of soil
management. J. Environ. Qual. 3(1 ):42-46. [BP0393]
Klock, G.O. 1985. Modeling the cumulative effcts of forest practices on
downstream aquatic ecosystems. J. Soil Water Conserv. 40(2):237-241.
[MD6010]
Knisel, W.G., R.A. Leonard, and E.B. Oswald. 1982. Nonpoint-source
pollution control: A resource conservation perspective. J. Soil Water
Conserv. 37(4): 196-199. [BE0008]
Knisel, W.G., G.R. Foster, and R.A. Leonard. 1983. CREAMS: A system
for evaluating management practices. In: Schaller, F.W., and G.W. Bailey (eds). Agricultural management and water quality. Iowa State University Press, Ames, IA. p.178-199. [MD7050]
Summarize CREAMS concepts and model components and possible example applications with comparison with observed data .

Konrad, J.G., and J.M. Cain. 1973. Hydrologic and watershed modeling
for regulating water quality. Trans. of the ASAE 16:580-581. [BP0289]
Briefly review the requirements of regulatory agencies, and identify several practical problems in Wisconsin where modeling has been attempted.

Korsching, P.F., and P.J. Nowak. 1983. Soil erosion awareness and use
of conservation tillage for water quality control. Water Res. Bui.
19(3):459-462. [BP0087]
A survey of 249 farms in central Iowa found that awareness of soil erosion as a
problem affects the use of conservation tillages by those farmers . A positive effect
of education on CT use was found.

Koskinen, W.C., and C.G. McWhorter. 1986. Weed control in conservation tillage. J. Soil Water Conserv. 41 (6):365-370. [BP6067]
Kovack, J. and J.P. Lette. 1988. A survey of the use of IPM by New York
apple producers. Agriculture, Ecosystems and the Environment 20: 101108. [BP8002]
Study investigated differences between IPM users and non-users in apple production in New York. Eight percent of all producers were found to be using some IPM
practices. IPM users were younger and better educated but had less farming experience than nonusers. Growers that employed comprehensive IPM practices used
30% less insecticides, 47% less miticides, and 10% less fungicides, resulting in an
average savings of $95 .80 per year.
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Kraft, S.E., and T.L. Toohill. 1984. Soil degradation and land use
changes: A representative-farm analysis. J. Soil Water Conserv.
39(5):334-338. [BP6031]
Kramer, J.W., and D.B. Baker. 1985. An analytical method and quality
control program for studies of currently used pesticides in surface
waters. In: Quality Assurance for Environmental Measurements, ASTM
STP 867, J.K. Taylor and T.W. Stanley (eds). American Society for Testing and Materials, Philadelphia, PA. [PS0014]
Describe a program to measure the concentration patterns of as many of the major
pesticides used in northwestern Ohio as possible during runoff events following
pesticide application in late spring and early summer.

Kramer, L.A. 1986. Runoff and soil loss by cropstage from conventional
and conservation tilled corn. Trans. of the ASAE 29(3):774-779.
[BP0153]
Runoff and soil loss were analyzed over a 24-year period for conventional and conservation tillage of corn . Runoff on the claypan soil was significantly less with conservation tillage during seedbed and residue crop stages. Mean soil loss was significantly less with conservation tillage for all crop stages except rough fallow and
maturation.

Kramer, L.A., and E.E. Alberts. 1988. Runoff and soil loss by cropstage
from three tillage systems for corn and soybeans. Paper No. 88-2124,
American Society of Agricultural Engineers, St. Joseph, Ml. [BP0399]
Kramer, R.A., W.T. Mcsweeny, and R.W. Stavros. 1983. Soil conservation with uncertain revenues and input supplies. Am. J. Agr. Econ.
65(14):694-702. [BP0020]
Examination of influences of risk on farm-level soil conservation decisions using a
quadratic programming model that considers uncertainty in revenues and import
supplies. It is demonstrated that risk aversion can influence the selection of soilconserving activities.

Kramer, R.A., W.T. McSweeny, W.R. Kerns, and R.W. Stavros. 1984. An
evaluation of alternative policies for controlling agricultural nonpoint
source pollution. Water Resources Bulletin 20(6):841-846. [BE0004]
Economic/policy model is applied to Nansemond/Chuckatuck watersheds. Regulation, efflucent tax, and cost-sharing policies are compared. Required public costshare funds will be high.

Krishna, J.H., G.F. Arkin, J.R. Williams, and J.R. Mulkey. 1987. Simulating furrow-dike impacts on runoff and sorghum yields. Trans. of the
ASAE 30(1 ):143-147. [BP0324]
Krivak, J.A. 1978. Best management practices to control nonpointsource pollution from agriculture. J. Soil Water Conserv. 33(4): 161-166.
[BP0047]
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Kuo, C.Y., K.A. Cave, and G.V. Loganathan. 1988. Planning of urban
best management practices. Water Resources Bulletin 24(1):125-132.
[UR6001]
A computer model, BMPSOFT, is presented for preliminary design and cost analysis
of dry, wet and extended wet ponds, infiltration trenches, and porous pavement for
urban stormwater management. The model determines designs BMP as a function
of desired peak runoff and outputs concentrations of total N, total P, total suspended solids, and BOD. BMPs are given a fixed trapping efficiency which is independent of flow rate, detention time, etc. Some of the percent pollutant removed
values do not appear reasonable.

Ladewig, H., and R. Garibay. 1983. Reasons why Ohio farmers decide
for or against conservation tillage. J. Soil and Water Conservation
38:487-488. [BP0225]
Gives results of a survey of 1200 Ohio farm operators. Conservation tillage was
used by 43% because of concern for the environment, availability of equipment,
and economics. Use of conventional tillage was related to lack of knowledge about
conservation tillage, lack of equipment, existing farm conditions, and previous
experiences.

Laflen, J.M., J.L. Baker, R.0. Hartwig, W .F. Buchele, H.P. Johnson.
1978. Soil and water loss from conservation tillage systems. Trans. of
the ASAE 21 :881-885. [BP0299]
Laflen, J.M., and T.S. Colvin. 1981. EFfect of crop residue on soil loss
from continuous row cropping. Trans. of the ASAE 24(3):605-609.
[BP0089]
Mulch factor-crop residue relationships were developed for continuous row crops
under conservation tillage systems .

Laflen, J.M., M. Amemiya, and E.A. Hintz. 1981. Measuring crop residue cover. J. Soil Water Conserv. 36:341-343. [BP0408]
Laflen, J.M ., W.C. Moldenhauer, and T.S. Colvin. 1981. Conservation
tillage and soil erosion on continuously row-cropped land. In: Crop Production with Conservation in the 80s. American Society of Agricultural
Engineers, St. Joseph, Ml. p.121-133 . [BP0430]
Laflen, J .M. 1983. Conference summary and research needs: An agri cultural perspective. In: challer, F.W., and G.W. Bailey (eds). Agricultural management and water quality. Iowa State University Press, Ames,
IA. p. 453-457. [BP7030]
Provides a useful summary of conference presentations research findings, and
research needs.

Lake, J.E. 1985. Sharing information on conservation tillage. In: F.M .
D'ltri (ed.). A systems approach to conservation tillage . Lewis Publishers, Inc., Chelsea, Ml. p. 361 -370. [BP7021]
Describes the operation, services, and funding of t he Conservation Tillage Informa tion Center (CTIC).
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Lal, R. 1976. No-tillage effects on soil properties under different crops
in Western Nigeria. Soil Sci. Soc. Am. J. 40:762-768. [BP0233]
No-till plots had higher organic matter, N, P, and cations in the surface horizon.
Infiltration, soil moisture, and earthworm activity were higher, and maximum
temperatures lower in the no-till plots.

Lambert, J.D. and B.B. Ross. 1985. Best management practices for irrigation. Publication 442-003, Virginia Tech and Virginia State, Virginia's
Land-grant Universities. [BP0370]
Lane, L.J., H.L. Morton, D.E. Wallace, R.E. Wilson, and R.D. Martin.
1977. Nonpoint-source pollutants to determine runoff source areas. In:
Hydrology and Water Resources in Arizona and the Southwest 7:89102. [BP9038]
Langdale, G.W., A.P. Barnett, R.A. Leonard, and W.G. Fleming. 1979.
Reduction of soil erosion by the no-till system in the Southern Piedmont. Trans. of the ASAE 22:82-86. [BP0165]
Field study in the Southern Piedmont is described. No-till reduced runoff and erosion by 90% or greater compared to conventional tillage practices.

Langdale, G.W., H.F. Perking, A.P. Barnett, J.C. Reardon, and R.L. Wilson, Jr. 1983. Soil and nutrient runoff losses with in-row, chisel
planted soybeans. J. Soil Water Conserv. 38(3):297-301. [BP0053]
It was found that coulter, in-row, chisel planted soybeans in rye residue effectively
controlled runoff, soil loss and some nutrient losses.

Langdale, G.W., R.A. Leonard, and A.W. Thomas. 1985. Conservation
practice effects on phosphorus losses from Southern Piedmont watersheds. J. Soil Water Conserv. 40(1 ):157-161. [BP6035]
Langdale, G.W., and R.L. Wilson, Jr. 1987. Intensive cropping sequences to sustain conservation tillage for erosion control. J. Soil Water
Conserv. 42(5):352-355. [BP6074]
Lanyon, L.E., and D.B. Beegle. 1989. The role of on-farm nutrient balance assessments in an integrated aproach to nutrient management. J.
Soil Water Conserv. 44(2):164-168. [BP6099]
Larson, W.E. 1964. Soil parameters for evaluating tillage needs and
operations. Soil Sci. Soc. Proceedings 28(1):118-122. [BP0253]
Definition of tillage requirements is based on crop (corn) germination and growth
needs.

Latterell, J.J. 1970. Leaching of crop residues as a source of nutrients
in surface runoff water. Water Res. Res. 6(5):1367-1375. [BP0372]
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Lee, L.K., and J.J. Goebel. 1986. Defining erosion potential on cropland:
A comparison of the land capability class-subclass system with RKLS/T
categories. J. Soil Water Conserv. 41 (1 ):41-44. [BP6046]
Legg, J.O., G. Stanford, and O.L. Bennett. 1979. Utilization of labeled-N
fertilizer by silage corn under conventional and no-till culture. Agronomy Journal 71:1009-1015. [BP0191]
Uptake and recovery of fertilizer N is generally greater under no-till. Fertilizer was
surface applied .

Leistra, M. 1986. Modelling the behaviour of organic chemicals in soil
and ground water. Pestic. Sci. 17:256-264. [PS0025]
The development, testing, and application of computer models for the behavior of
organic chemicals, especially pesticides in soil and groundwater is reviewed.

Lemley, A.T., R.J . Wagenet, and W.Z. Zhong. 1988. Sorption and degradation of aldicarb and its oxidation products in a soil -water flow system
as a function of pH and temperature. J. Environ. Qual. 17(3):408-414.
[PS0031]
Study determines thermodynamic information on the transport and transformation
of aldicarb and its oxidation products, and to test the soil column flow method as a
means of making these studies.

Lemos, P., and J.F. Lutz. 1957. Soil crusting and some factors affecting
it. Soil Sci. Soc. Proceedings 21 (5):485-491. [BP0252]
Leonard, R.A., G.W. Langdale, and W.G. Fleming. 1979. Herbicide
runoff from upland Piedmont watersheds-data and implications for
modeling pesticide transport. J. Environ. Qual. 8(2):223-229. [PS0009]
Paper summarizes pesticide runoff data and presents simplified relationships between concentrations of pesticides in soil and measured concentrations in runoff.

Leonard, R.A., A. Shirmohammadi, A.W. Johnson, and L.R. Marti . 1986.
Pesticide transport in shallow ground water. Paper No: 86-2058, American Society of Agricultural Engineers, St. Joseph, Ml. [PS0002]
Measured pesticide concentrations in tile outflow and well samples from shallow
groundwater (<2m). Found metabolites to be a significant portion of the total pesticide loading to groundwater.

Leonard, R.A., W.G. Knisel, and D.A. Still. 1987. GLEAMS: Groundwater loading effects of agricultural management systems. Trans. of the
ASAE 30(5): 1403-1418. [MD0021]
Leonard, R.A., and W.G. Knisel. 1988. Groundwater loadings by controlledrelease pesticides:A GLEAMS simulation. Paper No. 882624, American
Society of Agricultural Engineers, St. Joseph, Ml. [MD0025]
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Lewis, L.A., D.C. Clay, and Y.M.J. Dejaegher. 1988. Soil loss, agriculture, and conservation in Rwanda: Toward sound strategies for soil
management. J. Soil Water Conserv. 43(5):418-421. [BP6089]
Lindstrom, M .J., S.C. Gupta, C.A. Onstad, W .E. Larson, and R.F. Holt.
1979. Tillage and crop residue effects on soil erosion in the Corn Belt.
J. Soil Water Conserv. 34:80-82. [BP0167]
USLE is applied to MLRAs in the corn belt to estimate erosion and residue required .

Lindstrom, M.J., and W.B. Voorhees. 1980. Planting wheel traffic
effects on interrow runoff and infiltration. Soil Sci. Soc. Am. J. 44:8488. [BP0163]
Generally found higher runoff from no-till, and from wheel -tracked interrows. Frequency of interrow traffic is important.

Lindstrom, M.J., W.B. Voorhees, and G.W. Randall. 1981. Long-term
tillage effects on interrow runoff and infiltration. Soil Sci. Soc. Am. J.
45:945-948. [BP0161]
Study indicates that no-till may result in a consolated soil surface with low infiltration capacity.

Lindstrom, M.J., W.B. Voorhees, and C.A. Onstad. 1984. Tillage system
and residue cover effects on infiltration in northwestern Corn Belt soils.
J. Soil Water Conserv. 39(1 ):64-67. [BP0138]
Simulated rainfall was applied to wheel-tracked and non-wheel tracked interrows
for conventional , reduced and no-till cropping systems after planting. Wheeltracked interrows had more runoff regardless of tillage system . No-till had reduced
infiltration and higher runoff, bulk density, and penetrometer resistance.

Linn, D.M., and J.W. Doran. 1984. Aerobic and anaerobic microbial
populations in no-till and plowed soils. Soil Sci. Soc. Am. J. 48:794799. [BP0245]
Number of aerobic and anaerobic organisms were higher in no-till surface soils
along with bulk density, water content, organic C, and organic N. Below 7.5 cm,
differences between no-till and plowed soils were mixed.

Linn, D.M., and J.W. Doran. 1984. Effect of water-filled pore space on
carbon dioxide and nitrous oxide production in tilled and nontilled soils.
Soil Sci. Soc. Am . J . 48: 1267-1272. [BP0260]
Little, C.E. 1987. Green Fields Forever. Island Press, Washington, DC
[BP7032]
Presents the "conservation tillage revolution in America" in a popular format.
Gives a historical perspective on changing attitudes towards tillage . Argues for a
sustainable agriculture.
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Lockeretz, W. 1983. Energy implications of conservation tillage. J. Soil
Water Conserv. 38(3):207-212. [BP6017]
Loehr, R.C. 1979. Potential pollutants from agriculture an assessment
of the problem and possible control approaches. Prog. Wat. Tech.
11(6):169-193. [BP0078]
Paper provides information to individuals having responsibility for water quality
management on the control or reduction of potential agricultural pollutants.

Logan, T.J. 1987. An assessment of Great Lakes tillage practices and
their potential impact on water quality. In: Logan, T.J., J.M. Davidson,
J.L. Baker, and M.R. Overcash. {eds). Effects of conservation tillage on
groundwater quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml. p. 271-276. [BP7111]
For the Great Lakes basin, proposes that conservation tillage will not control nutrient NPS pollution if it is not combined with a nutrient management system.

Logan, T.J., and G.O. Schwab. 1976. Nutrient and sediment characteristics of tile effluent in Ohio. J. Soil Water Conserv. 31 :24-27. [BP0386]
Logan, T.J., J.M. Davidson, J.L. Baker, and M.R. Overcash {eds). 1987.
Effects of conservation tillage on groundwater quality-Nitrates and
pesticides. Lewis Publishers, Chelsea, Ml. [BP7164]
Excellent review of the effects on conservation tillage on physical, chemical and
biological properties of soils affecting runoff, sediment yield, and nutrient and pesticide transport. Title does not accurately reflect book contents as the book concentrates on surface water quality and gives little information on groundwater.

Lorber, M.N., and L.A. Mulkey. 1982. An evaluation of three pesticide
runoff loading models. J. Environ. Qua I. 11 (3):519-529. [BP0023]
Compared CREAMS, ARM, and CPS models. All gave reasonable predictions of erosion and toxaphene in surface runoff.

Lovejoy, S.B., J .G. Lee, and D.B. Beasley. 1985. Muddy water and american agriculture: How to best control sedimentation from agricultural
land? Water Res. Res. 21(8):1065-1068. [BP0081]
The economics of alternative nonpoint source pollution control strategies (sediment) were evaluated using the ANSWERS simulation model. Results indicated
targeting of cost-share funds to critical source areas was the most cost-effective
means of reducing sediment yield on an annual basis assuming a 6% discount rate.
For sediment yield reductions of less than 25%, one time payments for conversion
of highly erodible lands to permanent cover may be more economical.

Lovejoy, S.B., and T.L. Napier {eds). 1986. Conserving soil: Insights from
socioeconomic research. Soil Conservation Society of America, Ankeny,
IA. [BE7013]
Material presented at a symposium "Soil and water conservation: Implications of
social and economic research for policy development and program implementation"
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held June 1985. Major sections are the institutional environment, information
needs and dissemination, constraints to conservation; implications for policy development, and discussions.

Lovrich, N.P., Jr., J.C. Pierce, T. Tsurutani, and T. Abe. 1986. Policy
relevant information and public attitudes: Is public ignorance a barrier
to nonpoint pollution management? Water Resources Bulletin
22(2):229-236. [BE0019]
Survey results indicate that apparent lack of knowledge among the public is not
necessarily a significant barrier to policy implementation, and that increasing
knowledge can improve support for implementation.

Lowrance, R., R.A. Leonard, and J. Sheridan. 1985. Managing riparian
ecosystems to control nonpoint pollution. J. Soil and Water Conserv.
40(1 ):87-91. [BP0013]
Introduces the reader to riparian systems that, in concept, function as large-scale
filter strips.

Lowrance, R., J.K. Sharpe, and J.M. Sheridan. 1986. Long-term sediment deposition in the riparian zone of a coastal plain watershed. J.
; ; Soil Water Conserv. 41 (4):266-271. [BP6065]
Lowrance, R.S. Mcintrye, and C. Lance. 1988. Erosion and deposition in
a field/forest system estimated using cesium-137 activity. J. Soil Water
Conserv. 43(2): 195-199. [BP6080]
Ludwig, H.F., A. Meron, and E. Whisler. 1964. Comprehensive planning
for water and soil conservation in California watersheds. Trans. of the
ASAE 7:218-223. [BP0286]
Lung, W. 1986. Phosphorus loads to the Chesapeake Bay: A perspective. J. Water Poll. Cont. Fed. 58(7):749-756. [BP0150]
The effects of P effluent standards and P detergent bans on P loadings to the Chesapeake Bay are discussed. Loadings of P from nonpoint sources are assumed the
same as those from the EPA modeling study. Concluded that P detergent ban will
have limited impact on P loadings. Treatment plant effluent limitations and/or nonpoint source controls were found to be the only effective means of reducing P loadings. Study pointed out that nitrogen rather than P may be the limiting nutrient for
controlling eutrophication in many areas.

Lynch, J.A., E.S. Corbett, and K. Mussallem. 1985. Best management
practices for controlling nonpoint-source pollution on forested watersheds. J. Soil Water Conserv. 40(1):164-167. [BP6036]
Lynch, J.M., and L.M. Panting. 1980. Cultivation and the soil biomass.
Soil Biol. Biochem. 12:29-33. [BP0228]
Primarily review a technique for measuring soil biomass. Report greater soil biomass (root growth) on no-till plots.
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Maas, R.P., S.A. Dressing, J. Spooner, M.D. Smolen, and F.J. Humenik.
1984. Best management practices for agricultural nonpoint source control: IV. Pesticides. Biological and Agricultural Engineering Dept., North
Carolina State University, Raleigh, NC. [BP0145]
Maas, R.P., M.D. Smolen, and S.A. Dressing. 1985. Selecting critical
areas for nonpoint-source pollution control. J. Soil Water Conserv.
40(1 ):68-71. [BP0015]
Discuss concepts and criteria and present technique for critical-area targeting.

Maas, R.P., M.D. Smolen, C.A. Jamieson, and A.C. Weinberg. 1987.
Setting priorities: the key to nonpoint source control. US Environmental
Protection Agency, Office of Policy, Planning and Evaluation, Washington, DC [BP0335]
Maas, R.P., S.L. Brichford, M.P. Smolen, and J. Spooner. 1988. Agricultural nonpoint source control: experiences from the Rural Clean Water
Program. Lake and Reservoir Management 4(1 ):51-56. [WQ0039]
This paper highlights lessons learned from the first seven years of the RCWP.
Repeated contact with landowners along with economic incentives were found to
be critical for high rates of participation. Targeting of critical areas was found to be
fundamental for cost-effective NPS pollution control. Provision of technical services
such as manure, soil and tissue testing in (Pennsylvania and soon in Virginia) was
found to be effective in inducing landowner to improve nutrient management.
Methods used to effectively target critical area contributing most to water resources impairment generally include erosion rates, proximity to streams and animal
densities. Several projects demonstrated that particular attention should be given
to tillage operations and nutrient and pesticide management. Targeting is desirable
because it is more cost-effective and because ranking areas produces the greatest
change in water quality in the shortest amount of time .

Mackay, A.O., and E.J. Kladivko. 1985. Earthworms and rate of breakdown of soybean and maize residues in soil. Soil Biol. Biochem.
17(6):851-857. [BP0229]
A field survey found numbers and biomass of earthworms doubled under no-till
compared to plowing, but was much lower than numbers and biomass under pasture . In a greenhouse study earthworms were found to increase breakdown of
residues.

Magleby, R., D. Gadsby, D. Colacicco, and J. Thigpen. 1985. Trends in
conservation tillage use. J. Soil and Water Conserv. 40:274-276.
[BP0256]
Summarize 1983 survey of more than 11,000 farmers.

Mahlstede, J.P., and T.E. Hazen. 1983. Agricultural problems and
issues as related to agricultural management. In: Schaller, F.W., and
G.W. Bailey (eds). Agricultural management and water quality. Iowa
State University Press, Ames, IA. p.17-24. [BP7025]
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Mannering, J.V., and C.R. Fenster. 1983. What is conservation tillage?
J. Soil and Water Conserv. 38(3): 141-143. [BP0055]
The article discusses the definition of conservation tillage and defines various types
of tillage methods for row crops (narrow-strip tillage, ridge planting, no-plow, full
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one of the earliest references on no-till research.

Morandi, L. 1988. Overview of innovative state policy initiatives. In:
Agricultural chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation, Navarre, MN. p. 163-166.
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Mueller, D.H., T.C. Daniel, and R.C. Wendt. 1981. Conservation tillage:
Best management practices for nonpoint runoff. Environ. Management
5(1 ):33-53. [BP0090]
A review of research on conservation tillage, including types of systems, yield
response, runoff, and water quality. Covers publications up to 1979.
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Norstadt, F.A., and T.M. Mccalla. 1969. Microbial populations in stubblemulched soil. Soil Science 107(2): 188-192. [BP0230]
Measured bacteria, fungi and patulin amounts in stubble-mulched soil.
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Olson, T.C., and LS. Schoeberl. 1970. Corn yields, soil temperature,
and water use with four tillage methods in the Western Corn Belt.
Agronomy Journal 62:229-232. [BP0178]
Yields from three reduced tillage practices were equivalent to clean tillage.
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methods for no-tillage wheat planting. Trans. of the ASAE 28(5): 14191429. [BP0309]
Perry, C.D., D.L. Thomas, M.C. Smith, and R.W. McClendon. 1988.
Expert system based coupling of SOYGRO and DRAINMOD. Paper No.
88-2573, American Society of Agricultural Engineers, St. Joseph, Ml.
[ES0156]
Models are combined to predict effect of water table management on crop yields.

Peterson, C.L., C.L. Miller, J.H. Milligan, and R.V. Withers. 1981. Estimating on-farm benefits of terrace systems for erosion control. Trans. of
the ASAE 24:956-959. [BP0280]
Peterson, C.L., E.A. Dowding, K.N. Hawley, and R.W. Harder. 1983. The
chisel-planter minimum tillage system. Trans. of the ASAE 26:378-388.
[BP0303]
Peterson, T.C., and R.C. Ward. 1989. Development of a bacterial transport model for coarse soils. Water Res. Bui. 25(2):349-357. [MD6018]
Phillips, R.E., R.L. Blevins, G.W. Thomas, W.W. Frye, and S.H. Phillips.
1980. No-tillage agriculture. Science 208: 1108-1113. [BP0258]
Disadvantages of no-till are listed as : 1. Higher populations of insects and diseaseproducing organisms, 2. Greater management required for success, and 3 . lower
soil temperature in spring. Report 50% higher pesticide requirements for no-till
corn (vs. conventional).

Pierce, F.J. 1985. A systems approach to conservation tillage: Introduct ion. In: F.M. D'ltri (ed.). A systems approach to conservation tillage.
Lewis Publishers, Inc., Chelsea, Ml. p. 3-14. [BP7001]
Gives a brief overview of conservation tillage : equipment, crop yields, fertilizer,
weed control, insect and plant diseases, economics, public policy, environmental
concerns, information transfer.

Pikul, J.L. Jr., and R.R. Allmaras. 1985. Physical and chemical properties of a haplozeroll after fifty years of residue management. Soil Sci.
Soc. Am. J. 50:214-219 . [BP0123]
The effect of various long-term residue management systems on soil bulk density,
pH, organic carbon, hydraulic conductivity and effective pore size distribution are
investigated.
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Pinter, G.G. and G. Jolankai. 1982. Case study on non-point source
plant nutrient load calculations. In: Effects of waste disposal on groundwater and surface water. R. Perry, (ed.), International Association of
Hydrological Sciences. p. 207-215. [BP0009]
Discuss and demonstrate regression/prediction techniques for determining landuse impacts on NPS pollution.

Piper, S., C.E. Young, and R. Mogleby. 1989. Benefit and cost insights
from the Rural Clean Water Project. J. Soil Water Conserv. 44(3):203208. [BE6042]
Project summarizes the benefits and costs of the 21 RCWP projects. RCWP initiated
in 1980 to demonstrate how agricultural NPS pollution could be controlled. Program administered by the USDA and EPA. Each project involved 4 activities: costsharing of BMP's, technical assistance to farmers, educational programs for
farmers, and water quality monitoring. Cost-share is up to 75% of BMP cost with no
more than $50,000 per farm . Program scheduled to end in 1991. Focus of program
was to determine which BMPs would improve water quality under different circumstances. Results: only 1 /3 of the RCWPs are likely to result in positive net benefits
with respect to offsite water quality.

Pollard, R., B. Sharp, and F. Madison. 1979. Farmer's experience with
conservation tillage:A Wisconsin survey. J. Soil Water Conserv. 34:215219. [RK9p56]
A study of a no-till cost sharing program was made to determine its effectiveness.
Yield reductions associated with no-till were reported by farmers. No-till farmers
felt there was a greater risk of crop failure with no-till as compared to conventional
tillage. Forty percent of the farmers believed that conservation tillage was no less
expensive than conventional tillage.

Power, J.F. (ed). 1987. The role of legumes in conservation tillage systems. Soil Conservation Society of America, Ankeny, IA. [BP7034]
Brief papers (two pages) from a 1987 conference are included with sections on:
legumes as a nitrogen source, insects and disease, cropping practices, weed control, erosion and productivity, and economics.

Power, J.F., R.F. Follett, and G.E. Carlson. 1983. Legumes in conservation tillage systems: A research perspective. J. Soil Water Conserv.
38(3):217-218. [BP6019]
Power, J.F., J.W. Doran, and W.W. Wilhelm. 1986. Uptake of nitrogen
from soil, fertilizer, and crop residues by no-till corn and soybean. Soil
Sci. Soc. Am. J. 50: 137-142. [BP0232]
Detailed study of sources of N taken up by soybeans and corn is presented.

Powlson, D.S., and D.S. Jenkinson. 1981. A comparison of the organic
matter, biomass, adenosine triphosphate and mineralizable nitrogen
contents of ploughed and direct-drilled soils. J. Agri. Sci., Camb.
97:713-721. [BP0211]
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Sampling from four different sites (soils) showed no change in total carbon and
nitrogen in the upper profile (plow depth) between conventional and zero tillage
fields. Indication is that tillage has little effect on soil organic matter other than
altering its distribution in the profile.

Putman, J.J. Williams, and D. Sawyer. 1988. Using the erosionproductivity impact calculator (EPIC) model to estimate the impact of soil
erosion for the 1985 RCA appraisal. J. Soil Water Conserv. 43(4):321326. [MD6013]
Quisenberry, D. 1985. Conservation tillage in Michigan: A status report.
In: F.M. D'ltri (ed.). A systems approach to conservation tillage. Lewis
Publishers, Inc., Chelsea, Ml. p. 69-88. [BP7007]
Radke, J.K., A.A. Dexter, and O.J. Devine. 1985. Tillage effects on soil
temperature, soil water, and wheat growth in South Australia. Soil Sci.
Soc. Am. J. 49:1542-1547. [BP0126]
Randall, G.W., and V.A. Bandel. 1987. Overview of nitrogen management for conservation tillage systems. In: Logan, T.J., J.M. Davidson,
J.L. Baker, and M.A. Overcash. (eds). Effects of conservation tillage on
groundwater quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml. p. 39-64. [BP7098]
Review N management for various conservation tillage systems. In humid areas the
relationship between CT and nitrate leaching is not clear from current research
results.

Randall, G.W. 1988. Effective nitrogen management: Considerations for
growers. In: Agricultural chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation, Navarre, MN. p.
117-124. [BP7042]
Discuss factors important to effective N management. Rate of application is most
important for minimizing environmental impact while optimizing returns.

Rao, A.A.S., R.C. Hay, and H.P. Bateman. 1960. Effect of minimum tillage on physical properties of soils and crop response. Trans. of the
ASAE 3:8-10 [BP0294]
"Minimum tillage" refers to reduced traffic on the field. Clean tillage is used in all
treatments.

Rao, P.S.C., P. Nkedi-Kizza, J.M. Davidson, and L.T. Ou. 1983. Retention
and transformations of pesticides in relation to nonpoint source pollution from croplands. In: Schaller, F.W., and G.W. Bailey (eds). Agricultural management and water quality. Iowa State University Press, Ames,
IA. p.126-140. [MD7047]
Good review and presentation of knowledge on pesticide sorption and degradation
given. Defend use of Koc as good representative of pesticide transport in soil, and
show its independence to particle size distribution . Present justifiable simplifica-
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tions for working with pesticide fate and transport: 1) linear isotherm is within
factor of 2 to 3, 2) Koc is independent of soil type and particle size, 3) degradation
follows first-order rate (within a factor of 2), and 4) fate of residue-bound pesticide
off-site is unclear.

Rao, P.S.C., K.S.V. Edvardsson, L.T. Ou, R.E. Jessup, P. Nkedi-Kizza, and
A.G. Hornsby. 1986. Spatial variability of pesticide sorption and degradation parameters. In: Garner, W.Y., R.C. Honeycutt, and H.N. Nigg
(eds). Evaluation of pesticides in ground water. American Chemical
Society, Washington, DC. p.100-115. [PS7008]
Discuss intrinsic (inherent) and extrinsic (man-induced) variability and impact of
determining pesticide fate.

Rawls, W.J. and H.H. Richardson. 1983. Runoff curve numbers for conservation tillage. J. Soil Water Conserv. 8(6):494-496. [BP0051]
Runoff curve numbers are given for antecedent moisture condition and for management practices which include conservation tillage.

Reckhow, K.H., J.B. Butcher, and C.M. Marin. 1985. Pollutant runoff
models: Selection and use in decision making. Water Resources Bulletin 21(2):185-195. [BP7176]
Reddy, K.R., R. Khaleel, M.R. Overcash, and P.W. Westerman. 1979.
Phosphorus-a potential nonpoint source pollution problem in the land
areas receiving long-term applications of wastes. In: Best management
practices for agriculture and silviculture, eds., R.C. Loehr, D.A. Smith,
M.F. Walters, C.S. Martin, Ann Arbor Science Pub., Ann Arbor. p. 193211. [BP0042]
Reicosky, D.C., D.K. Cassel, R.L. Blevins, W.R. Gill, and G.C. Naderman.
1977. Conservation tillage in the southeast. J. Soil Water Conserv.
32: 13-19. [BP0385]
Reinelt, R.E., R.H. Horner, and B.W. Mar. 1988. Nonpoint source pollution monitoring program design. J. Water Res. Planning and Management 114(3):335-352. [WQ8002]
A procedure is presented to optimize the design of nonpoint source pollution systems to insure that the monitoring system is capable of assessing statistically significant trends or changes in water quality. The procedure involves the following
steps : 1) definition of monitoring project objectives, 2) choice of level of detail to be
used evaluating monitoring system alternatives, 3) watershed analysis to identify
critical areas, 4) development of monitoring program to detect and verify statistically the source or sources of NPS pollution, and 5) prioritization of monitoring
tasks with reference to program objectives.

Reinschmiedt, L.L., S.R. Spurlock, and Y.R. Mustafa. 1985. Economic
feasibility of adopting conservation tillage in North Mississippi. In: Proceedings of the 1985 Southern Region no-till conference. Georgia Agricultural Experiment Station, Experiment, GA. p. 228-231. [BP7157]
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Reneau, D.R., and C.R. Taylor. 1979. An economic analysis of erosion
control options in Texas. In: Best management practices for agriculture
and silviculture, eds., R.C. Loehr, D.A. Smith, M.F. Walker, and C.S.
Martin, Ann Arbor Science Pub., Ann Arbor. p. 393-418. [BP0040]
Present an economic analysis of soil erosion control options, based on USLE and
offsite impacts.

Rice, C.W., and M.S. Smith. 1982. Denitrification in no-till and plowed
soils. Soil Sci. Soc. Am. J. 46: 1168-1173. [BP0239]
Generally found increased denitrification in three no-till soils. This may account, in
part, for lower soil nitrate and higher fertilization requirements for no-till.

Rice, C.W., M.S. Smith, and R.L. Blevins. 1986. Soil nitrogen availability
after long-term continuous no-tillage and conventional tillage corn production. Soil Sci. Soc. Am. J. 50: 1206-1210. [BP0250]
Long-term no-till study suggests limited N availability in no-till may be transient,
with similar soil N found after 10 years. Study was based on corn yields and soil
characterization.

Richards, R.P. 1985. Estimating the extent of reduction needed to statistically demonstrate reduced non-point phosphorus loading to Lake Erie.
J. Great Lakes Res. 11(2):110-116. [BP0058]
A method for estimating the amount of conversion to conservation tillage that's
necessary to bring about a statistically significant reduction in phosphorus loading
is presented based on the standard t-test.

Rickert, D.A. and G.L. Beach. 1978. Assessing impacts of land management activities on erosion-related nonpoint source problems. J.
Water Poll. Cont. Fed. 50(11 ):2439-2445. [BP0035]
Overview of 208 targeting or planning process.

Riekerk, H. 1985. Water quality effects of pine flatwoods silviculture. J.
Soil Water Conserv. 40(3):306-309. [BP6045]
Rijsberman, F.R., and M.G. Wolman. 1985. Effect of erosion on soil productivity: An international comparison. J. Soil Water Conserv. 40(4):349354. [BP6050]
Ritter, W.F., R.P. Eastburn, and J.P. Jones. 1979. Nonpoint source pollution from coastal plain soils in Delaware. Trans. of the ASAE
22: 1044-1049, 1053. [BP0379]
Ritter, W.F. 1986. Pesticide contamination of ground water - a review.
Paper No: 86-2028, American Society of Agricultural Engineers, St.
Joseph, Ml. [PS0001]
Generally reviews pesticides in groundwater and summarizes data collected in
Delaware.
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Ritter, W.F., A.E.M. Chirnside, and R.W. Lake. 1988. Best management
practices impacts on water quality in the Appoquinimink watershed.
Paper No. 88-2034, American Society of Agricultural Engineers, St.
Joseph, Ml. [BP0401]
Ritter, W.F. 1988. Reducing impacts of nonpoint source pollution from
agriculture: A review. J. Environ. Sci. Health A23(7):645-667. [BP8003]
This paper reviews agricultural nonpoint sources of pollution and lists BMPs that
can be used to minimize the water quality impacts of each pollutant. Pollutants
considered are sediment, nitrogen, phosphorus, animal wastes and pesticides.

Robbins, J.W.D. 1979. Impact on unconfined livestock activities on
water quality. Trans. of the ASAE 22(6): 1317-1323. [BP0103]
Reviews studies that are concerned with the effects of pastured livestock activity
on water quality. Generally, results showed that pollution from unconfined systems
is more dependent on management practice and hydrogeologic factors than on the
quantity of waste produced. Bacterial measurements were reported to be more
sensitive than chemical measurements to the influences of grazing animals.

Robillard, P.O., and M.F. Walter. 1983. A framework for selecting agricultural nonpoint source controls. In: Schaller, F.W., and G.W. Bailey
(eds). Agricultural management and water quality. Iowa State University
Press, Am~s, IA. p.330-348. [BP7028]
Present a methodology for planning for NPS control strategies, using concepts of
pathway control, manageable NPS load, and cost-effectiveness.

Rodgers, R.D., and J.B. Wooley. 1983. Conservation tillage impacts on
wildlife. J. Soil Water Conserv. 38(3):212-213. [BP6027]
Rogers, J.S., A.P. Barnett, and C. Cobb, Jr. 1964. An evaluation of factors affecting runoff and soil loss from simulated rainfall. Trans. of the
ASAE 7:457-459. [BP0273]
Rohde, W.A., L.E. Asmussen, E.W. Hauser, R.D. Wauchope, and H.D.
Allison. 1980. Trifluralin movement in runoff from a small agricultural
watershed. J. Environ. Qual. 9(1 ):37-42. [PS0008]
Surface runoff loads and soil profile concentrations of trifluralin were observed
over two years. Small plot studies found filter strips to be effective in reducing
pesticide load in runoff.

Roloff, G., G.A. Larson, W.E. Larson, R.P. Voss, and P.W. Becken. 1988.
A dual targeting criterion for soil conservation programs in Minnesota.
J. Soil Water Conserv. 43(1):99-102. [BP6079]
Romkens, M.J.M., D.W. Nelson, and J.V. Mannering. 1973. Nitrogen
and phosphorus composition of surface runoff as affected by tillage
method. J. Environ. Qual. 2(2):292-295. [BP0215]

128

Compared several minimum tillage systems. Found reduced sediment and sedimentbound nutrients, but greater soluble nutrient losses in comparison with conventional tillage.

Romkens, M.J.M., and D.W. Nelson. 1974. Phosphorus relationships in
runoff from fertilized soils. J. Environ. Qua I. 3(1):10-13. [BP0394]
Ross, C.W. 1986. Effect of subsoiling and irrigation on potato production. Soil and Tillage Research SOTRD5 7(4):315-325. [BP9077]
Ross, l.J., S. Sizemore, J.P. Bowden, and C.T. Haan. 1979. Quality of
runoff from land receiving surface application and injection of liquid
dairy manure. Trans. of the ASAE 22: 1058-1062. [BP0292]
Audra, R.P., W.T. Dickinson, and G.J. Wall. 1985. Application of the
CREAMS model in southern Ontario conditions. Trans. of the ASAE
28(4): 1233-1240. [BP6100]
CREAMS was applied to research plot data in southern Ontario. Modifications were
made to the model to account for seasonal variation of soil erodibility and hydraulic
conductivity. Computed and observed results were compared for each of the submodels.

Runge, C.F., W.E. Larson, and G. Roloff. 1986. Using productivity measures to target conservation programs: A comparative analysis. J. Soil
Water Conserv. 41 (1 ):45-49. [BP604 7)
Ruppel, R.F., and K. M. Sharp. 1985. Conservation tillage and insect
control. In: F.M. D'ltri (ed.). A systems approach to conservation tillage.
Lewis Publishers, Inc., Chelsea, Ml. p.137-144. [BP7013]
General overview of the problem . Conservation tillage has been found to reduce
some pest problems while increasing others. Authors note that changes to habitat
can result in dramatic shifts in insect populations, and we really cannot forecast
the outcome. Research needs in pest control are outlined.

SWCS Wisconsin Chapter. 1989. State regulation of soil erosion. J. Soil
Water Conservation 44(3):209-211. [BE6044]
Provides a condensed version of a position paper supporting regulation of soil erosion that was written by the Wisconsin chapter of the SWCS. Presents a good
summary of attitudes towards regulation, summary of current erosion control regulations, and concepts for a regulatory program for Wisconsin.

Safley, L.M. Jr., P.W. Westerman, and J.C. Barker. 1986. Effect of
manure injector type and spacing on corn yield. Paper No. 86-4545,
American Society of Agricultural Engineers, St. Joseph, Ml. [BP0002]
The objective of this study was to determine the effects of injector type and spacing, time of application and rate of application of slurry manure on corn silage yield.
Yield results are presented. The mean yield for treatments receiving manure by
chisel was 11.6 t/ha as compared to 10.0 t/ha for the sweep applied treatments.
The 0.48m application spacing produced 11 .1 t/ha compared to 10.5 t/ha for the
0.96 m spacing. The high application rate yielded 11. 7 t/ha as compared to 10.0
t/ha for the low application rate .
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Savabi, M.A., and G.F. Gifford. 1987. Application of selected soil loss
equations to trampled soil conditions. Water Resources Bulletin
23(4):709-716. [BP6004]
Schaller, F.W., and G.W. Bailey (eds). 1983. Agricultural management
and water quality. Iowa State University Press, Ames, IA. [BP7122]
This book is an excellent reference, with "state-of-the-art" material as presented at
a 1981 conference. Major sections include: overview, NPS pollutant processes,
modeling, selection and implementation of BMPs, and policies. Chapters are summary/review in nature, and are written by recognized leaders in the different subject areas.

Schepers, J.S. 1987. Effect of conservation tillage on processes affecting nitrogen management. In: Logan, T.J., J.M. Davidson, J.L. Baker,
and M.A. Overcash. (eds). Effects of conservation tillage on groundwater quality:Nitrates and pesticides. Lewis Publishers, Chelsea, Ml.
p.241-252. [BP7109)
Reviews and discusses factors affecting potential N movement in leachate. Focuses
on dynamic and integrated characteristics of the system.

Schertz, D.L. 1988. Conservation tillage: An analysis of acreage projections in the United States. J. Soil Water Conserv. 43(3):256-258.
[BP6084] .
Schnepf, M . (ed). 1983. Conservation tillage special issue. J. Soil Water
Conserv. 38(3). [BP6008]
Special issue that focuses on conservation tillage, its benefits to environmental
quality, impact on farming practices and profits, limitations, and problems. Includes
review articles, farmer's reports, and research reports.

Schreiber, J.D. 1985. Leaching of nitrogen, phosphorus, and organic
carbon from wheat straw residues: II. Loading rate. J. Environ. Qual.
14(2):256-260. [BP0116]
Schuman, G.E., T.M. McCalla, K.E. Saxton, and H.T. Knox. 1975. Nitrate
movement and its distribution in the soil profile of differentially fertilized corn watersheds. Soil Sci. Soc. Am. Proc. 39: 1192-1197. [BP0360]
Schwab, G.O., N.R. Fausey, and D.E. Kopcak. 1980. Sediment and
chemical content of agricultural drainage water. Trans. of the ASAE
23: 1446-1449. [GW0095]
A field study was undertaken to investigate the effects of agricultural drainage on
sediment and chemical losses through surface flow and tile effluent. Sediment and
P losses from surface drainage were much greater than these of subsurface drain age. Nitrogen losses, however, were greater under subsurface drainage conditions.

Seitz, W.D., and R.G.F. Spitze. 1978. Soil erosion control policies: Institutional alternatives and costs. J. Soil Water Conserv. 33: 118-125.
[BE0017]
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Present a systematic view of policy development including estimates of institutional
cost.

Setia, P.P. 1987. Consideration of risk in soil conservation analysis. J.
Soil Water Conserv. 42(6):435-437. [BP6078]
Shaffer, M.J. 1985. Simulation model for soil-erosion productivity relationships. J. Environ. Qua I. 14: 144-150. [MD0016]
Nitrogen-Tillage-Residue Management model (NTRM) employed on a research
basis to determine long-term interactions of a growing crop with climate inputs
together with physical, chemical, and biological properties of the soil. Model tries to
depict physical relationships between eroded soil conditions and crop productivity.

Shanholtz, V.O., and J.H. Lillard. 1968. Hydrologic aspects of no-tillage
versus conventional tillage systems for corn production. Bulletin 14,
Virginia Water Resources Research Center, Blacksburg. [BP8005]
Describes an early study of soil moisture differences under no-till as compared to
conventional tillage.

Sharpley, A.N., S.J. Smith, and R.G. Menzel. 1985. Commentary: Limitations of phosphorus water quality criteria. J. Soil Water Conserv.
40(3):283-284. [BP6043]
A field survey was conducted using 140 pesticide applicators in Nebraska. Over
60% of the applicators had application errors greater than 5% but about 63% were
within 10%. These applicator efficiencies were considerably better than those from
a study conducted 8 years earlier in the same area indicating that applicators are
much better educated and/or application technology has improved. Commercial
applicators were found to be more accurate than private applicators. Most errors
(±5%) were due to incorrect applicator calibration (55% of errors). Tank mix errors
were detected in 19% of the applicators (±5%).

Shelly, T.M., and W.J. Hensman. 1988. Cost-sharing soil conservation
practices: Economic pros and cons from a lake management perspective. Lake and Reservoir Management 4(2):237-242. [BE6041]
Study evaluated costs of different BMPs for preventing sedimentation in Lake
Springfield in Illinois. Cost of reduced tillage (free use of no-till planter) was
$1 .05/metric ton of sedimentation reduced. Structural BMPs cost about
$6. 73/metric ton . Dredging from lake cost $5.16/metric ton indicating that no-till
was best. Structural BMPs (terraces, ponds, grassed waterways) were not cost
effective because they were not very effective during infrequent large storms which
caused major sediment input.

Shelton, C.H., F.D. Tompkins, and D.D. Tyler. 1983. Soil erosion from
five soybean tillage systems. J. Soil Water Conserv. 38(4):425-428.
[BP0140]
Runoff, sediment yield, and crop yields were evaluated for five different soybean
tillage systems. Soil losses were highest for continuous conventional tillage soybeans and then decreased in the order: drilled soybeans, double crop continuous
till, and continuous no-till soybeans.

Shelton, D.P., P.J. Jasa, and E.C. Dickey. 1986. Soil erosion from tillage
and planting systems used in soybean residue: Part I - influences of
row spacing. Trans. of the ASAE 29(3):756-760. [BP0152]
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Soil losses from various (residue) tillage systems and two row spacings were compared . Narrow spaced rows had lower soil erosion rates than wide rows, but for the
same tillage system the difference was significant only for the double disk method.

Sheridan, J.M., C.V. Booram, Jr., and L.E. Asmussen. 1982. Sedimentdelivery ratios for a small coastal plain agricultural watershed. Trans. of
the ASAE 25:608-615, 622. [BP0156]
Shoemaker, C.A. 1988. The role of modeling in developing costeffective and environmentally safe pest management programs. In:
Agricultural chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation, Navarre, MN. p.59-68.
[MD7065]
Coupled an insect model, weather generator, and groundwater leading model to
evaluate different management practice impacts on groundwater and crop damage.
Promote modeling as a tool that can identify cost-effective means for reducing
groundwater pollution .

Shuman, L.M., and W .L. Hargrove. 1985. Effect of tillage on the distribution of maganese, copper, iron, and zinc in soil fractions. Soil Sci.
Soc. Am. J. 49: 1117-1121. [BP0246]
From long-term tillage treatments (eight years) availability of Mn and Fe are greater
in no-till systems at 0-2cm depth .

Siemens, J.C., and W.R. Oschwald. 1976. Erosion for corn tillage systems. Trans. of the ASAE 19(1):69-72. [BP0097]
Siemens, J.C., and W.R. Oschwald. 1978. Corn-soybean tillage systems, erosion control, effects on crop production, costs. Trans. of the
ASAE 21 (2):293-302. [BP0095]
A detailed plot study examines effects of seven types of tillage on runoff, erosion,
nutrient loss, crop yields and pest control.

Skaggs, R.W., and J.W. Gilliam. 1981. Effect of drainage system design
and operation on nitrate transport. Trans. of the ASAE 24:929-940.
[BP6102]
Skaggs, R.W., A. Nassehzadeh-Tabrizi, and G.R. Foster. 1982. Subsurface drainage effects on erosion. J. of Soil Water Conserv. 37:167-172.
[BP6103]
Smith, C.N., G.W. Bailey, R.A. Leonard, and G.W. Langdale. 1978.
Transport of agricultural chemicals from small upland Piedmont watersheds. Environmental Research Laboratory, Office of Research and
Development, U.S. Environmental Protection Agency, Athens, GA.
[BP7035]
Field study with four small watersheds that investigated pesticide and nutrient
movement in surface runoff and in the soil profile for several management practices.
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Smith, D.D. 1964. Rainfall simulation for increased knowledge of runoff
and erosion processes. Agricultural Engineering 45:618-619. [BP0311]
Smith, J.A., C.D. Yonts, M.D. Rath, and J.E. Bailie. 1987. Relationship
of weight and percent cover for corn, sugarbeet and dry bean residue.
Paper No. 87-2512, American Society of Agricultural Engineers, St.
Joseph, Ml. [BP0331]
Smith, J.A., and C.D. Yonts. 1988. Crop yields from reduced tillage systems of corn, edible beans, and sugarbeets. Paper No. 88-2011, American Society of Agricultural Engineers, St. Joseph, Ml. [BP0405]
Smith, M.C., A.B. Bottcher, K.L. Campbell, and D.L. Thomas. 1988.
Measurement of pesticide transport to shallow groundwater. Paper No.
88-2640, American Society of Agricultural Engineers, St. Joseph, Ml.
[PS0006]
Describes a detailed field study of pesticide movement through the vadose zone to
the shallow water table conducted at a site near Tifton, Georgia, on a Lakeland
sand.

Smith, M.C., K.L. Campbell, A.B. Bottcher, and D.L. Thomas. 1989. Field
testing and comparison of the PRZM and GLEAMS models. Paper No.
89-2072. American Society of Agricultural Engineers, St. Joseph, Ml.
[MD0032]
The two models are compared with field data on atrazine, alachlor, and bromide.
Simulation of water and bromide is similar, but there are large differences for
absorbed pesticides. Simulated values are within one order of magnitude of observed data.

Smith, M.S., and R.L. Bevins. 1987. Effect of conservation tillage on
biological and chemical soil conditions:Regional and temporal variability. In: Logan, T.J., J.M. Davidson, J.L. Baker, and M.R. Overcash. (eds).
Effects of conservation tillage on groundwater quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml. p.149-168. [BP7103]
Present a more detailed view of conservation tillage impacts than the generalizations in the previous article (Dick and Daniel, 1987-BP7102).

Smith, R.A., R.M. Hirsch, and J.R. Slack. 1982. A study of trends in total
phosphorus measurements at Nasqan stations. Water Res. Div., Geological Survey, Reston, VA. [BP9014]
Snell, E.A. 1985. Regional targeting of potential soil erosion and
nonpoint-source sediment loading. J. Soil Water Conserv. 40(6):520524. [BP6056]
Snider, R.J., J.C. Moore, and J. Subagja. 1985. Effects of paraquat and
atrazine on non-target soil arthropods. In: F.M. D'ltri (ed.). A systems
approach to conservation tillage. Lewis Publishers, Inc., Chelsea, Ml.
p.145-156. [BP7014]
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Give a limited review of studies done in Michigan. Soil microfauna are important in
recycling organic litter.

Snyder, H.J. 1963. Conserve our land and water resources. Agricultural
Engineering 44:252-253. [BP0315]
Soil Conservation Society of America. 1982. Resource Conservation
Glossary. Soil Conservation Society of America, Ankeny, IA. [BP7023]
Serves as an excellent resource and is helpful for standardizing terminology.

Sorensen, A.A. 1988. Integrated pest management in the Midwest:
Issues, constraints and solutions. In: Agricultural chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation, Navarre, MN. p.97-110. [BP7040]
Provides a short history of IPM, discussion of problems and constraints, and suggestions for increasing widespread adoption of IPM . Gives a good review of the
information .

Sorenson, D.D. 1985. Organizing an information program for nonpoint
pollution control. J. Soil Water Conserv. 40(1 ):82-83. [BP0014]
Summarizes the Wisconsin approach and gives hints for establishing an effective
inform_a tion program.

Southgate, D., B. Sharp, S. Lovejoy, and N. Bouwes, Sr. 1980. A case
study of incentives for adoption of less-polluting manure handling techniques. North Central Journal of Agricultural Economics 2(2): 125-130.
[RK9012]
A linear programming model of a representative dairy farm was developed to
determine the minimum subsidy (cost share) which would be needed to get farmers
to adopt manure management systems which are less polluting. Under one scena rio a break even subsidy rate of 41 % was estimated.

Spangenberg, N.E. 1987. Implementation strategies for agricultural and
silvicultural nonpoint source pollution control in California and Wisconsin. Water Resources Bulletin 23(1):133-137. [BP6007]
Spencer, W.F., M.M. Cliath, W.A. Jury, and L.Z. Zhang. 1988. Volatilization of organic chemicals from soil as related to their Henry's Law constants. J. Environ. Qual. 17(3):504-509. [PS0030]
Experiment tested the predictions of the pesticide screening model of Jury et al.
(1983). particularly with respect to the importance of Henry's Law constants (Kh) in
controlling relative volatilization and vapor behavior of organic chemicals.

Spomer, R.G., R.F. Piest, and H.G. Heinemann. 1976. Soil and water
conservation with Western Iowa tillage systems. Trans. of the ASAE
19: 108-112. [BP0171]
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Spomer, R.G., and A.T. Hjelmfelt, Jr. 1986. Concentrated flow erosion
on conventional and conservation tilled watersheds. Trans. of the ASAE
29(1):124-127, [BP0182]
Significance of concentrated flow erosion is demonstrated. Conservation tillage
provided significant erosion reduction .

Spooner, J., C.J. Jamieson, R.P. Maas, and M.D. Smolen . 1987. Determining statistically significant changes in water pollutant concentrations. J. Lake and Reservoir Management 3: 195-201. [MN0018]
A method is presented for determining the magnitude of water quality changes
needed to detect significant differences over time. Adjustments (such as accounting for changes in meterological and hydrological conditions, changing sampling
frequency, increasing the number of years of monitoring, and other statistical trend
analysis) can be made to reduce the estimate of variability decreasing the water
quality change required for statistical significance. Water quality data from the
Idaho RCWP was used to demonstrate the method. Generally a 30 to 60% change
in the unadjusted geometric mean concentration is required to document a significant change in water quality. However, adjustments can reduce the estimate of
variability and the change required to 20 to 40%. This is a little misleading as the
Idaho RCWP was ideal from a monitoring standpoint as almost all pollution was
due to irrigation flows which are not highly variable in contrast to NPS pollution
caused by rainfall.

Stanford, G. 1973. Rationale for optimum nitrogen fertilization in corn
production. J . Environ. Qua I. 2(2): 159-166. [BP0396]
Staver, K., R. Brinsfield, and W. Magette. 1988. Nitrogen export from
Atlantic Coastal Plain soils. Paper No. 88-2040. American Society of
Agricultural Engineers, St. Joseph, Ml. [BP0431]
Steenhuis, T.S ., G.D. Bubenzer, J.C. Converse, and M.F. Walter. 1981.
Winter-spread manure nitrogen loss. Trans. of the ASAE 24(2):436441. [BP0030]
Laboratory and field experiments were conducted to determine the mechanism by
which nitrogen compounds are lost from manure applied to land during winter.
Nitrogen lost from manure was mostly in soluble form . Results also indicated that a
maximum of 90% of the original urea and 7.5% of water soluble organic nitrogen
may be lost in runoff water if infiltration is limited. The authors reported that frozen
soils are not necessarily impermeable, infiltration does occur on these soils and,
therefore, spreading of manure on frozen ground does not necessarily lead to loss
of nitrogen. During the three years of the study high nitrogen losses occured in only
one year due to restricted infiltration.

Stein, O.R., W.H. Neibling, T.J. Logan, and W.C. Moldenhauer. 1986.
Runoff and soil loss as influenced by tillage and residue cover. Soil Sci.
Am. J. 50(6): 1527-1531. [BP0117]
Stephens, P.R., J.K. MacMillan, J.L. Daigle, and J. Cihlar. 1985. Estimating universal soil loss equation factor values with aerial photography. J. Soil Water Conserv. 40(3):293-296. [BP6044]
Stinner, B.R., G.D. Hoyt, and R.L. Todd. 1983. Changes in soil chemical
properties following a 12-year fallow: a 2-year comparison of conven135

tional tillage and no-tillage agroecosystems. Soil and Tillage Research
3:277-290. [BP0264]
Stinner, B.R., and G.J. House. 1989. The search for sustainable agroecosystems. J. Soil Water Conserv. 44(2): 111-116. [BP6097]
Stone, B.M., M.C. Smith, and D.L. Thomas. 1989. Variability in point
source measurement of shallow groundwater quality. Paper No. 892120. American Society of Agricultural Engineers, St. Joseph, Ml.
[GW0024]
A short field study (two months) that found little correlation between well and drain
tub bromide and nitrate concentrations.

Storm, D.E., T.A. Dillaha, and F.E. Woeste. 1985. Simulation of BMP
alternatives for NPS pollution assessment. Paper No: 85-2520, American Society of Agricultural Engineers, St. Joseph, Ml. [MD0133]
Swanson, LE., S.M . Camboni, and T.L. Napier. 1986. Barriers to adoption of soil conservation practices on farms. In;_ Lovejoy, S.B., and T.L.
Napier (eds). Conserving Soil. Soil Conservation Society of America,
Ankeny, IA. p.108-120. [BE7023]
Provides a good review. Discusses limitations of education and incentive programs.
and highlights structural barriers (e.g., federal policies) as a major hindrance to
conservation . Farm characteristics are not reliable predictors of conservation behavior; the authors argue that short-term economic return is the key motivation of
farmers.

Swanson, N.P., A.R. Dedrick, H.E. Weakly, and H.R. Haise. 1965. Evaluation of mulches for water-erosion control. Trans. of the ASAE 8:438440. [BP0275]
Sweeten, J.M., and D.L. Reddell. 1978. Nonpoint sources: State-of-theart overview. Trans. of the ASAE 21(3):474-483. [BP0080]
Sources, magnitudes, and methods of predicting agricultural nonpoint source pollution are summarized. Pollutants considered are sediment, nutrients and pesticides.
Livestock operations as a nonpoint pollution source is evaluated. Effects of BMPs
are not directly addressed.

Sweeten, J.M., and A.C. Mathers. 1985. Improving soils with livestock
manure. J. Soil Water Conserv. 40(2):206-210. [BP6038]
Task Committee on Agricultural Runoff and Drainage. 1977. Quality
aspects of agricultural runoff and drainage. J. Irrigation and Drainage
Division 103(1R4):475-495. [BP0107]
Research on agricultural nonpoint source pollution at various locations are reviewed (summarized) and sources of pollutants identified. Suggestions are made for
future actions.

136

Taylor, C., and K. Frohberg. 1977. The welfare effects of erosion controls, banning pesticides, and limiting fertilizer application in the corn
belt. American Journal of Agricultural Econonics 59(1 ):26-36. [RK9014]
A large linear programming model of the Corn Belt was developed to analyze several environmental regulations. Policies analyzed included bans on insecticides;
bans on herbicides; nitrogen restrictions of 50 and 100 pounds per acre; bans on
straight row cultivation; restrictions on gross soil loss of 2, 3, 4 and 5 tons per acre;
subsidies on terraces; and gross soil loss taxes.

Taylor, C.R. 1983. Policy development and the regional economics of
implementing NPS controls. In: Schaller, F.W., and G.W. Bailey (eds).
Agricultural management and water quality. Iowa State University
Press, Ames, IA. p. 387-402. [BE7009]
Presents a conceptual framework for NPS policy formulation and evaluation, discusses regional and national evaluations, and reviews studies that are representa tive of economic analyses of NPS policies.

Thomas, A.W., W.M. Snyder, G.W. Langdale, and A.L. Dillard. 1988. A
stochastic model for risk adjustment of erosion through conservation
planning. In: Proceedings of the International Symposium on Modeling
Agricultural, Forest and Rangeland Hydrology. ASAE, St. Joseph, Ml.
[MD0154]
A stochastic version of the USLE is developed based on randomness in climate
(A-factor) and crop cover (C-factor). This model provides a risk of erosion amount for
each month at some specified probability level.

Thomas, G.W., R.L. Blevins, R.E. Phillips, and M.A. McMahon. 1973.
Effect of a killed sod mulch on nitrate movement and corn yield. Agron omy Journal 65:736- 739. [BP0187]
Look at N requirements for no-till corn .

Thomas, G.W., and B.J. Barfield. 1974. The unreliability of tile effluent
for monitoring subsurface nitrate-nitrogen losses from soils. J. Environ.
Qua I. 3(2): 183-185. [GW0021]
Field studies indicated that tile effluent can give an unreliable picture of nitrate in
drainage since the proportion of the total flow contributed by tile flow is small and
the concentration of nitrate in the tile effluent is apt to be higher than in the nontile
flow.

Thomas, G.W. 1985. The future of no-tillage. In: Proceedings of the
1985 Southern Region no-till conference. Georgia Agricultural Experiment Station, Experiment, GA. p. 242-247. [BP7159]
Thompson, S.W., H.F. Perkins, and G.W. Langdale. 1985. Decomposi t ion of clover and wheat residues under different tillage systems on
severely eroded soil. In: Proceedings of the 1985 Southern Region not ill conference. Georgia Agricultural Experiment Station, Experiment,
GA. p.103-106. [BP7137]
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Thompson, S., and D. Thompson. 1988. Sustainable agriculture in Iowa
as it relates to profitability and environmental issues. In: Agricultural
chemicals and groundwater protection: Emerging management and policy. Freshwater Foundation, Navarre, MN. p.85-96. [BP7039]
Summarize research on low-input systems and make practical recommendations
from a working farm.

Tim, U.S., and S. Mostaghimi. 1989. Modeling phosphorus· movement
and distribution in the vadose zone. Trans. of the ASAE 32(3):655-661.
[MD0037]
Timmons, D.R., R.E. Burwell, and R.F. Holt. 1973. Nitrogen and phosphorus losses in surface runoff from agricultural land as influenced by
placement of broadcast fertilizer. Water Res. Res. 9(3):658-667
[BP0377]
Touchton, J.T., and W.L. Hargrove. 1982. Nitrogen sources and
methods of application for no-tillage corn production. Agronomy Journal 74:823-826. [BP0197]
Recommend the form and method for most effective N fertilization of no-till corn.

Triplett, G.B., Jr., and D.M. Van Doren, Jr. 1969. Nitrogen, phosphorus,
and potassium fertilization of non-tilled maize. Agronomy Journal
[BP0186]
Corn yields were higher for no-till for different N applications rates (surface applied). P and K concentrated in the surface soil.

Triplett, G.B., Jr., D.M. Van Doren, Jr., and W .H. Johnson. 1970.
Response of tillage systems as influenced by soil type. Trans. of the
ASAE 13:765-767. [BP0297]
Triplett, G.B., Jr., and D.M. Van Doren, Jr. 1977. Agriculture without
tillage. Scientific American 236:28-33. [BP0371]
Triplett, G.B., Jr., B.J . Conner, and W.M. Edwards. 1978. Transport of
atrazine and simazine in runoff from conventional and no-tillage corn.
J. Environ. Oual. 7(1 ):77-84. [BP0217]
Quantity of herbicides in surface runoff increased with the amount of runoff, and
was inversely related to length of time between application and runoff event. There
was less runoff and herbicide loss from no-till areas. Maximum herbicide loss was
6%, and average of all watersheds <2%.

Triplett, G.B., and D.M. Van Doren, Jr. 1985. An overview of the Ohio
conservation tillage research. In: F.M. D'ltri (ed.). A systems approach to
conservation tillage. Lewis Publishers, Inc., Chelsea, Ml. p. 59-68.
[BP7006]
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Review research on tillage effects on yields for multiple cropping in Ohio. Also
discuss length of cycle, and note that on well-drained soil, no-till has been productive for 20 years continuously.

Tubbs, L.J., and D.A. Haith. 1981. Simulation model for agricultural
non-point-source pollution. J. Water Poll. Cont. Fed. 53(9):1425-1433_.
[BP0027]
Develop and test the CNS (Cornell Nutrient Simulation) model.

Unger, P.W. 1986. Wheat residue management effects on soil water
storage and corn production. Soil Sci. Soc. Am. J. 50(3):764- 770.
[BP0060]
A study was made of the effect of residue management after wheat on precipitation
storage during fallow and the effect on the following corn crop. Water use by corn
was not significantly affected by tillage method in 1983, but was significantly lower
for no-till than for disk or sweep tillage in 1984.

Unger, P.W., J.L. Steiner, and O.R. Jones. 1986. Response of conservation tillage sorghum to growing season precipitation. Soil and Tillage
Research 7(4):291-300. [BP0059]
A study was made of the effect of surface residue an increased sorghum yields due
to the more efficient use of growing-season precipitation. It was found that
response to growing-season precipitation increased with increasing amounts of
surface residue.

Utomo, M., W.W. Frye, and R.L. Blevins. 1985. Functions of legume
cover crops in no-till and conventional till corn production. In: Proceedings of the 1985 Southern Region no-till conference. Georgia Agricultural Experiment Station, Experiment, GA. p.63-68. [BP7130]
Van Doren, D.M., Jr., and G.B. Tripplett, Jr. 1973. Mulch and tillage
relationships in corn culture. Soil Sci. Soc. Am. Proc. 37:766-769.
[BP0173]
Van Doren, D.M., Jr., G.B. Triplett, Jr., and J.E. Henry. 1976. Influence
of long term tillage, crop rotation, and soil type combinations on corn
yield. Soil Sci. Soc. Am. J. 40: 100-105. [BP0170]
Corn yields were "remarkably insensitive" to tillage over 10-year study.

Van Doren, D.M. Jr., W.C. Moldenhauer, and G.B. Triplett, Jr. 1984.
Influence of long-term tillage and crop rotation on water erosion. Soil
Sci. Seo. Am. J. 48:636-640. [BP0135]
Investigated the adequacy of the USLE C-factor in assessing the influence ~f no-till
and residue cover on soil loss. The USLE C-factor was found to result in gross
overestimation of soil loss.
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van Es, J.C. and L.C. Keasler. 1979. Nonpoint source pollution from
agriculture: some sociological considerations for implementing policy.
In: Best management practices for agriculture and silviculture, eds.,
R.C. Loehr, D.A. Smith, M.F. Walters, C.S. Martin, Ann Arbor Science
Publi., Ann Arbor. p. 311-319. [BP0041]
Varco, J.J., W.W. Frye, and M.S. Smith . 1985. Nitrogen recovery by notill and conventional till corn from cover crops. In: Proceedings of the
1985 Southern Region no-till conference. Georgia Agricultural Experiment Station, Experiment, GA. p.127-131. [BP7141]
Vigon, B.W. 1985. The status of nonpoint source pollution: Its nature,
extent and control. Water Resources Bulletin 21(2):179-184. [BP7175]
Vitosh, M .L., W .H. Darlington, C.W. Rice, and D. Christenson. 1985.
Fertilizer management for conservation tillage. In: F.M. D'ltri (ed.). A
systems approach to conservation tillage. Lewis Publishers, Inc., Chelsea, Ml. p. 89-98. [BP7008]
Review literature on tillage effects on nutrient uptake by corn. Injecting or incorporating N is most efficient. Equal yields will require 10-20% increase in application
rate when surface applied on residue, due to immobilization and volatilization
losses.

Voorhees, W.B. 1977. Soil compaction - our newest natural resource.
Crop and Soils Magazine (February): 13-15. [BP0205]
Voorhees, W.B., C.G. Senst, and W.W. Nelson. 1978. Compaction and
soil structure modification by wheel traffic in the Northern Corn Belt.
Soil Sci . Soc. Am. J. 42:344-349. [BP0234]
Fall plowing was most effective in decreasing soil compaction caused by wheel
traffic.

Wu, T.L., D.L. Correll, and H.E.H. Remenap. 1983. Herbicide runoff from
experimental watersheds. J. Environ. Qual. 12(3):330-335. [PS0017]
Study determined pesticide residues in soil, their relationship to sediments in
runoff water, and the herbicide loading rates of different land use patterns in the
Atlantic Coastal Plain of Maryland.

Wagenet, R.J. 1987. Processes influencing pesticide loss with water
under conservation tillage. In: Logan, T.J ., J.M. Davidson, J.L. Baker,
and M .R. Overcash. (eds). Effects of conservation tillage on groundwater quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml.
p.189-204. [BP7106]
Reviews characteristics and research results related to pesticide movement in surface runoff and leaching. Reviews modeling efforts and identifies research needs.

Wagenet, R.J., J.L. Hutson, and J.W. Biggar. 1989. Simulating the fate
of a volatile pesticide in unsaturated soil : A case study with DBCP. J.
Environ. Qual. 18(1 ):78-84. [MD0031]
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Walter, M.F., T.S. Steenhuis, and D.A. Haith. 1979. Nonpoint source
pollution control by soil and water conservation practices. Trans. of the
ASAE 22(4):834-840. [BP0098]
Potential pollutants are categorized according to their different soil absortion properties which are related to the effect of soil and water conservation practices on
water and soil movement.

Walter, M.F., T.L. Richard, P.O. Robillard, and R. Muck. 1987. Manure
management with conservation tillage. In: Logan, T.J., J.M. Davidson,
J.L. Baker, and M.R. Overcash. (eds). Effects of conservation tillage on
groundwater quality: Nitrates and pesticides. Lewis Publishers, Chelsea, Ml. p. 253-270. [BP7110)
Discuss conflicting factors between soil conservation practices and animal waste
management. Conclude that systems are compatible and that systems approach is
needed.

Wauchope, R.D. 1978. The pesticide content of surface water draining
from agricultural fields - A review. J. Environ. Qual. 7(4):459-472.
[PS0007]
Provides a major review of pesticides in surface runoff. Contains summary data and
tables, and a good assessment and analysis of current (1978) knowledge and
research needs.

Wauchope, R.D. 1987. Effects of conservation tillage on pesticide loss
with water. In: Logan, T.J., J.M. Davidson, J.L. Baker, and M.R. Overcash. (eds). Effects of conservation tillage on groundwater quality:
Nitrates and pesticides. Lewis Publishers, Chelsea, Ml. p.205-216.
[BP7107]
Provides an excellent summary of concepts, issues, and research needs on pesti cide losses by water. Addresses three questions: Does CT adoption increase pesticide use? How does CT adoption affect the processes controlling pesticide runoff
losses? Does increased pesticide use in CT combine with runoff decreases to shunt
pesticides to groundwater?

Wauchope, R.D. 1987. Tilted-bed simulation of erosion and chemical
runoff from agricultural fields: II. Effects of formulation on atrazine
runoff. J. Environ. Qual. 16(3):212-216. [PS0028]
Evaluation of the potential of atrazine applied as emulsion, wettable powder, dispersible liquid, and dispersible granule formulations for nonpoint source pollution.

Weatherly, A.B., and J.H. Dane. 1979. Effect of tillage on soil-water
movement during corn growth. Soil Sci. Soc. Am. J. 43: 1222-1225.
[BP0164]
Sub-soiling to break up a hard pan was significant, along with no-till practice in
improving corn yield due to increased water availability.
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Wells, B.L., T.O. Borich, J.D. Frus. 1983. Conservation tillage in an Iowa
county. J. Soil Water Conserv. 38(3):284-286. [BP6022]
Wendt, R.C., and R.B. Corey. 1980. Phosphorus variations in surface
runoff from agricultural lands as a function of land use. J. Environ.
Qua I. 9( 1):130-136. [BP0388]
Wendt, R.C., and R.E. Burwell. 1985. Runoff and soil losses for conventional, reduced, and no-till corn. J. Soil Water Conserv. 40(5):450-454.
[BP6053]
Wheaton, R.Z., and E.B. Hale. 1980. Best management practices for row
crop agriculture. Publication 4-WCB-3, Extension Division, Virginia Polytechnic Institute and State University. [BP0366]
Wheaton, R.Z., and E.B. Hale. 1980. Best management practices for
beef and dairy production. Publication 4-WCB-4, Extension Division,
Virginia Polytechnic Institute and State University. [BP0367]
Wheaton, R.Z., J.D. Lambert, B.B. Ross, and E.B. Hale. 1981. Terraces
... a best management practice. Publication 390-408, Virginia Polytechnic Institute and State University, Blacsksburg, VA. [BP0368]
Whitaker, D., H.G. Heinemann, and R.E. Burwell. 1978. Fertilizing corn
adequately with less nitrogen. J. Soil and Water Conserv. 33:28-32.
[BP0384]
White, A.W., A.P. Barnett, B.G. Wright, and J.H. Holladay. 1967. Atrazine losses from fallow land caused by runoff and erosion. Environmental Science and Technology 1(9):740-744. [PS0013]
Give results of a study on the rate and magnitude of atrazine losses caused by
runoff and erosion from cultivated agricultural soils. Atrazine was surface applied
at three pounds per acre.

White, A.W., Jr., LE. Asmussen, E.W. Hauser, and J.W. Turnbull. 1976.
Loss of 2,4-D in runoff from plots receiving simulated rainfall and from
a small agricultural watershed. J. Environ. Qual. 5(4):487-490.
[PS0010]
Present the results of a three-year study of 2, 4-D movement in surface and subsurface runoff from a small agricultural watershed and subplots cropped to continuous corn .

White, F.C., J.R. Hairston, W.N. Musser, H.F. Perkins, and J.F. Reed.
1981. Relationship between increased crop acreage and nonpointsource pollution: A Georgia case study. J. Soil Water Conserv.
36(3): 172-177. [BP0028]
Provides general NPS loading estimates using data from 60s-70s and present a
discussion of economic and environmental impact of increased crop acreage.
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White, H.E., and D.D. Wolf. 1986. No-till alfalfa production in Virginia.
In: Proceedings of the Southern Region No-Tillage Conference. Southern Region Series Bulletin 319, Kentucky Agricultural Experiment Station, Lexington. p. 33-39. [BP0338]
Whiting, M.L., S.D. DeGloria, A.S. Benson, and S.L. Wall. 1987. Estimating conservation tillage residue using aerial photography. J. Soil
Water Conserv. 42(2): 130-132. [BP6071]
Whittlesey, N.K., and P.W. Barkley. 1978. Economic concepts and policies related to controlling non-point source pollution stemming from
agriculture. In: National Conference on Management of Nitrogen in Irrigated Agriculture. p. 333-353. [BP9034]
Wilkes, L.H. and P. Hobgood. 1969. A new approach to field crop production. Trans. of the ASAE 12:529-532. [BP0296]
Williams, J.R. 1983. Hydrology and sediment transport in small watersheds. In: Schaller, F.W., and G.W. Bailey (eds). Agricultural management and water quality. Iowa State University Press, Ames, IA. p.141151. [MD7048]
Provides a general discussion and review of NPS modeling concept with a focus on
erosion/sediment del9ivery models. Highlights research needs as improved sediment routing, and risk-assessment approach to modeling using long-term simulation .

Williams, J.R., C.A. Jones, and P.T. Dyke. 1986. A modeling approach to
determining the relationship between erosion and soil productivity.
Trans. of the ASAE 23: 129-143. [MD0150]
Williams, J.R., O.S. Johnson, and R.E. Gwin. 1987. Tillage systems for
wheat and sorghum: An economic and risk analysis. J. Soil Water Conserv. 42(2): 120-123. [BP6070]
Williams, R.D., and A.O. Nicks. 1988. Using CREAMS to simulate filter
strip effectiveness in erosion control. J. Soil Water Conserv. 43(1):108112. [MD6012]
Willis, G.H., LL. McDowell, C.E. Murphree, L.M. Southwick, and S.
Smith, Jr. 1983. Pesticide concentrations and yields in runoff from silty
soils in the lower Mississippi Valley. J. Agric. Food Chem. 31: 11711177. [PS0011]
Report discusses relationship between water discharge sediment yield and toxaphene, DDT, DOE, and trifluralin yields concentrations, and mode of transport from
a lower Mississippi valley watershed cropped to continuous cotton.
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Wineman, J.J., W. Walker, J. Kuhner, O.V. Smith, P. Ginberg, and S.J.
Robinson. 1979. Evaluation of controls for agricultural nonpoint source
pollution. In: Best management practices for agriculture and silviculture. R.C. Loehr, O.A. Smith, M.F. Walter, C.S. Martin (eds.}. Ann Arbor
Science Publishers, Ann Arbor, Ml. p. 599-624. [BP0036]
Give early methodology (modeling study) for evaluating policies and selecting
BMP's. Address water quality and socio-economic impacts.

Wineman, J.J., W. Walker, J. Kuhner, O.V. Smith, P. Ginberg, and S.S.
Robinson. 1979. Evaluation of controls for agricultural nonpoint source
pollution. In: Loehr, R.C., O.A. Haith, M.F. Walter, and C.S. Martin (eds}.
Best Management Practices for Agriculture and Silviculture, Ann Arbor,
Ml. [RK9019]
A feasibility study conducted for EPA to develop a methodology for examining the
economic and water quality impacts of agricultural policies and specific government policies. The proposed method limits a linear programming farm model to a
watershed and impoundment model. The methodology is not implemented.

Wittmuss, H.O., and N.P. Swanson. 1964. Till-planted corn reduces soil
losses. Agricultural Engineering 45:256. [BP0320]
Wood, S.O., and A.O. Worsham. 1986. Reducing soil erosion in tobacco
fields with no-till transplanting. J. Soil Water Conserv. 41(3):193-196.
[BP6062]
Worsham, A.O., and W.M. Lewis. 1985. Weed management: Key to notillage crop production. In: Proceedings of the 1985 Southern Region
no-till conference. Georgia Agricultural Experiment Station, Experiment, GA. p.177-188. [BP7152]
Wright, O.L. 1985. No-till corn response to starter fertilizer and starter
placement. In: Proceedings of the 1985 Southern Region no-till conference. Georgia Agricultural Experiment Station, Experiment, GA. p.137140. [BP7143]
Wright, J.A., A. Shirmohammadi, W.L. Magette, and Robert Hill. 1989.
Impacts of BMP's and water table management on selected nitrogen
processes. Paper No. 89-2192. American Society of Agricultural Engineers, St. Joseph, Ml. [M00036]
Give preliminary concepts and equations for combining DRAINMOD and CREAMS
for evaluating nitrogen management (proposal stage).

Yoo, K.H., J.T. Touchton, and R.H. Walker. 1987. Effect of tillage on
surface runoff and soil loss from cotton. Trans. of the ASAE 30:166168. [BP0322]
Yoo, K.H ., and J.T. Touchton. 1989. Runoff and soil loss by crop growth
stage under three cotton tillage systems. J. Soil Water Conserv.
44(3):225-228. [BP6094]
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Young, C.E., B.M. Crowder, J.S. Shortle, and J.R. Alwang. 1985. Nutrient management on dairy farms in southeastern Pennsylvania. J. Soil
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The five RCWP projects with monitoring programs were studied to assess the cost
effectiveness of the projects with respect to water quality improvements. Only two
of the five projects had B/C ratios greater than 1.8. They suggest that four factors
should be considered to improve the economic efficiency of agricultural NPS programs: 1) Target funds and projects only towards waterbodies with water quality
problems which are causing substantial economic damage, 2) The relative costs
and effectiveness of BMP's can greatly affect project effectiveness; use BMPs
appropriate for the area and target them, 3) BMP effectiveness can vary dramatically from one location to another because it is affected by soil type, slope, etc .. 4)
some projects may not be economic unless on -site benefits such as long -term productivity are considered in addition to off-site water quality benefits.

Young, R.A., and W.B. Voorhees. 1982. Soil erosion and runoff from
planting to canopy development as influenced by tractor wheel-traffic.
Trans. of the ASAE 25:708-712. [BP0268]
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AGNPS: A nonpoint-source pollution model for evaluating agricultural
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Zhong, W.Z., A.T. Lemley, and R.J. Wagenet. 1986. Quantifying pesticide adsorption and degradation during transport through soil to ground
water. In: Garner, W.Y., R.C. Honeycutt, and H.N. Nigg (eds). Evaluation
of pesticides in ground water. American Chemical Society, Washington,
DC. p. 61-77. [PS7006]
Propose soil column studies (vs. incubation experiments) to estimate parameters
that are more representative of field conditions of adsorption and microbial and
chemical conversions.
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The Virginia Water Resources Research Center is a federal-state organization established at Virginia Polytechnic Institute and State University in 1965 under provisions of
the federal Water Resources Research Act of 1964.

Under state law, the Center's activities are to:
•
•
•

•
•
•

consult with the General Assembly, governmental agencies, water
user groups, private industry, and other potential users of research;
establish and administer research agreements with all universities in
Virginia;
facilitate and stimulate research that concerns policy issues facing
the General Assembly, supports water resource agencies, and provides organizations with tools to increase effectiveness of water
management;
disseminate new information and facilitate application of new
technology;
serve as a liaison between Virginia and federal research funding
agencies as an advocate for Virginia's water research needs; and
encourage the development of academic programs in water resources management in conjunction with the State Council on Higher
Education.

More information on programs and activities may be obtained by writing or telephoning
the Water Center.
Virginia Tech does not discriminate against employees, students, or applicants on the
basis of race, sex, handicap, age, veteran status, national origin, religion, or political
affiliation. The University is subject to Titles VI and VII of the Civil Rights Act of 1964, Title
IX of the Education Amendments of 1972, Sections 503 and 504 of the Rehabilitation Act
of 1973, the Age Discrimination in Employment Act, the Vietnam Era Veteran Readjustment Assistance Act of 1974, Federal Executive Order 11246, the governor's State
Executive Order Number One, and all other rules and regulations that are applicable.
Anyone having questions concerning any of those regulations should contact the Equal
Opportunity/Affirmative Action Office.
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