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by
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(ABSTRACT)

A survey of farmers was conducted to determine the extent of cost-share and non-cost-
share BMP implementation and to evaluate the impact of socio-economic variables of the
adoption of BMPs in Virginia’s Chesapeake Bay drainage basin. Farmers in 67 counties
in Virginia were randomly selected using VirGIS land use data and GRASS 4.1. All of
the counties included in the study had at least 90 percent of their total land in the
Chesapeake Bay drainage basin. Surveys were mailed to approximately 5,850 farm
operators and 1,377 responses were returned, with approximately 1,099 estimated to farm

in the Chesapeake Bay basin.

A concern for pollution in the Chesapeake Bay was evident by farmers throughout the
Bay basin, as 80 percent of the respondents indicated being concerned about water
pollution in the Chesapeake Bay. However, only 33 percent believed that their farm
contributed to water quality problems. The most often indicated perceived causes of
pollution were runoff from urban or paved areas, industrial waste or factory discharge,

sewer systems, and litter or garbage.

Hay and beef cattle were the commodities produced by the largest numbers of farmers, as
over 70 percent of the farmers grow hay and about 67 percent raise beef cattle. Corn,
soybeans, and small grains are the other predominant crops grown in the Chesapeake Bay

basin. Accordingly beef cattle, hay, corn, soybeans, and small grains were most often



indicated as the major sources of income. Overall, 81 percent of the farmers
implemented a BMP, regardless of the funding, 31 percent implemented a BMP with
cost-share funds, and 75 percent implemented a BMP without cost-share assistance. The
major cost-share BMPs implemented were hayland or pasture management, permanent
vegetative cover, grassed waterways, cover crops, and surface sampling/analysis. The
predominant BMPs implemented without cost-share funds were hayland or pasture
management, conservation or reduced tillage, cover crops, surface soil sampling/analysis,

permanent vegetative cover, and field scouting.

Several regression models were developed to determine the influence of farming
characteristics, personal characteristics, farming considerations, and information sources
on a farmer’s decision to implement BMPs. The most prominent factors in predicting
cost-share BMP implementation were the availability of cost-share funds, having a farm
conservation plan, and farm size. The production of corn, small grains, or soybeans, and
farm size were the major factors in the model used to predict non-cost-share BMP
implementation. The model constructed to predict BMP implementation, regardless of
the funding, had similar influences as the non-cost-share model. The adoption of a
conservation plan also played an important role in BMP implementation. Approximately
55 percent of the farmers had a conservation plan, of which 91 percent implemented a
BMP. Of the 45 percent that did not have a conservation plan, only 64 percent
implemented a BMP. Farm magazines, extension agents/specialists, ASCS, and NRCS

offices were indicated as the major sources of information on BMPs.

Comparisons of the survey results with VDACS-VASS data showed that crop production
and land use in Virginia’s Chesapeake Bay drainage basin was accurately represented by
the survey. DSWC and NRCS databases were used to verify the BMP implementation
results. The results of the survey on cost-share BMP implementation were found to be

accurate when compared to the DSWC and NRCS databases.
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1 Introduction

The deposition of excess sediment and nutrients, primarily nitrogen and phosphorus,
originating from nonpoint source (NPS) areas, into Virginia's surface waters is
contributing to the degradation and decline of the beneficial uses of the Chesapeake Bay
and its tributaries (Crafton, 1985). NPS pollution differs from point source pollution
since it does not come from a single identifiable source, and therefore is not conducive to
the same types of pollution control practices as point source pollution. NPS pollution is
generally affiliated with agricultural and urban runoff, construction sites, forestry
operations, and yard care chemicals. NPS pollution in rural areas is often more diffuse
than that in urban areas. Runoff from these areas may flow directly into an adjacent

stream or river after a rainfall event.

NPS pollution was first addressed at the national level in 1987 when the Water Quality
Act Amendment to the Clean Water Act of 1972 was passed. This act required states to
develop strategies for information collection and problem assessment, and for program
implementation. It has been estimated that 50-70 percent of surface waters, classified as
impaired or threatened, are affected by NPS pollution from agricultural activities (Wolf,
1995). The U.S. Environmental Protection Agency reported that NPS pollution is the
most significant cause of water pollution in the United States today (Maine Department of

Environmental Protection, 1994). Erosion contributes almost 5 trillion kilograms of soil
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into the oceans and the nation’s rivers and lakes (Napier and Forster, 1982.). Since 1988,
the United States Environmental Protection Agency has funded NPS pollution programs
totaling over $40 million throughout the United States (Wolf, 1995). The Chesapeake
Bay's nine largest tributaries contributed approximately 273 million kg of nitrogen and 14
million kg of phosphorus from 1990 to 1992. About 97 percent of all of the nitrogen and
90 percent of the phosphorus enters the Bay through its three largest tributaries, the
Susquehanna, the James, and the Potomac Rivers (USGS, 1995). A model developed by
the Chesapeake Bay Program in 1985 estimated that nonpoint sources of pollution
contributed approximately 51% of the total nitrogen and 61% of the total phosphorus load

into the Chesapeake Bay (EPA, 1992).

The major problem caused by the inflow of these nutrients is that they accelerate the
natural eutrophication processes by enhancing excessive algae growth in the Bay which
consequently causes other problems within the aquatic environment. The algae growth
inhibits sunlight from reaching submerged aquatic vegetation in shallow areas of the Bay,
reducing their growth. This lack of growth eventually causes the loss of grass beds which
provide food for waterfow! and critical habitat for many Bay creatures. As the algae die
and sink towards the bottom, their decomposition causes the consumption of oxygen in
deeper portions of the Bay. Dissolved oxygen can be depleted in the warm summer
months, and bottom dwelling organisms (both producers and consumers) cannot survive

such prolonged periods with excessively low oxygen concentrations (EPA, 1992).
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Reducing the nitrogen and phosphorus entering the Bay from agricultural and urban NPS

areas is an important action necessary to prevent further water quality degradation of the

Chesapeake Bay and it's major tributaries.

Implementation of best management practices (BMPs) on agricultural land is encouraged
for control of the NPS pollutants entering adjacent streams and rivers. The Virginia
Department of Conservation and Recreation - Division of Soil and Water Conservation
(DCR-DSWC) has developed a cost-share program which encourages the voluntary
adoption of BMPs to reduce pollution problems and help reach one of the goals of the
Chesapeake Bay Act by reducing the flow of nitrogen and phosphorus into the Bay by
40%. The DSWC promotes an incentive program for the adoption of BMPs in order to
assist farmers and landowners reduce sediment and nutrient losses into Virginia’s waters.
The goal of the BMP program in Virginia is to encourage farmers to voluntarily

implement BMPs on their land without cost-share assistance.

Data regarding the type and number of BMPs that are implemented through the cost-share
program in each Soil and Water Conservation District, as well as in the individual
hydrologic units in Virginia, are available through the DSWC records. However there are
no official records available pertaining to the amount of BMPs implemented without cost-
share assistance. There is also very little information available regarding the factors that

impact the farmer’s decision to implement a new BMP or continue using an existing
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BMPs. Such information would prove to be useful to the DSWC in assessing the
effectiveness of their educational and technical assistance programs, and in developing

improved strategies to persuade farmers to voluntarily implement BMPs without using

the limited cost-share funds.
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Objectives

The overall goals of this study were to estimate the amount of cost-share and non-cost-
share BMP implementation in Virginia’s Chesapeake Bay drainage basin and to
determine the major factors that influence farmers to implement cost-share and non-cost-
share BMPs. The specific objectives of the study were to:

. Establish estimates of the levels of cost-share and non-cost-share BMPs
implemented in Virginia’s Chesapeake Bay drainage basin by conducting a
statistically designed survey.

. Determine those factors that influence BMP implementation on a cost-share and
non-cost-share basis.

. Compare the results of the survey between the five major river basins and the six
DSWC regions covered by the survey.

. Verify the survey results regarding the BMP implementation with cost-share funds
by comparing the results with the actual data available through the Virginia
Department of Conservation and Recreation, Division of Soil and Water
Conservation; Virginia Department of Agriculture and Consumer Services; and

the Natural Resource Conservation Service in the Chesapeake Bay drainage basin.
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2 Literature Review

Factors Influencing Farmers’ Decision to Adopt Conservation
Practices

Agricultural researchers and rural sociologists have been attempting to understand the
factors that influence farmers to implement practices that reduce soil erosion and NPS
pollution. Most researchers believe that farmers’ lack of awareness of environmental
problems, in their county or community is not a major factor in their decision not to
implement a conservation practice. Bultena and Hoiberg (1986) state that farmers do,
however, underestimate the severity of their own contribution to environmental problems.
This phenomenon is called the “proximity effect.” In a survey of approximately 3,200
farm operators in erosion prone areas of 13 states, Bultena and Hoiberg (1986) found that
92 percent of the farmers perceived soil erosion as a problem in their home counties, 78
percent in their local communities, but only 66 percent on their own farms. Hoban and
Wimberley (1992) also found similar results in a study of farmers that participated in the

Rural Clean Water Program and farmers which were eligible but did not participate.

nother factor influenci isi 1 i
Another factor influencing a farm operator’s decision to implement conservation
.. , LD ) .
practices is the farmer’s'economic resources. Farmers who try to maximize short-term

profits usually must do so at the expense of long-term productivity and land resource
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protection (Swanson et al, 1986). Swanson et al. (1986) presented a recent history of
agricultural economics and stated that farmers must continue to increase their scale of
operation to remain efficient. During the 1960's and 1970's the scale of agriculture
increased due to market pressures, technological growth, and low real interest rates. Even
with the high inflation, it was possible to expand land holdings during the 1970's because
of the low interest rates. During the 1980's interest rates rose and those farmers with high
debt to asset ratios encountered economic difficulties. Over-supply of agricultural
products lowered prices, causing reduced farm incomes. The loss of income caused
farmers to maximize production by discontinuing practices that did not contribute to
short-run profitability and ignoring soil erosion control practices in order to survive in the
short-term. Tax policies that encourage investment in production technologies and price
support programs that establish a minimum price also contribute to the agricultural
pollution problems. The combination of these two factors encourage farmers to invest
capital in production technologies and maximize production rather than invest in
conservation practices (Swanson, et al., 1986). A study of Missouri farmers concluded

2
that those farmers that adopted conservation practices were motivated by a “perception of »
profitability” with these practices (Ervin, 1981). Swanson et al. believe that the
elimination of incentives to keep marginal land in production, revision of tax policies to
reward farmers that implement soil conservation practices, and more careful targeting of

incentives to the most erodible areas would decrease erosion problems.
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-Sources of information and personal attitudes also influence the decision making process
of implementing a conservation practice. The adoption/diffusion model is the most
prominent model developed to help understand the role of information in farmers’
decision-making process (Bultena and Hoiberg, 1986). This model asserts that failure to
adopt any object, practice, or technology is a partial function of being denied access to
information, which in turn prevents individuals from being aware of potential solutions to
perceived problems (Swanson et al., 1986). In general, farmers initially receive
information on specific practices from farm magazines and other mass media sources.
These sources are gradually replaced by other farm operators, government agencies, and
personal experiences as the trial stages of decision making progresses (Bultena and
Hoiberg, 1986). Once farmers develop positive attitudes towards conservation
alternatives, they will act on the basis of adopting practices that they believe will solve
perceived problems (Napier et al., 1988). Four attitudes that have an impact on a
farmer’s willingness to adopt conservation practices were discussed by Napier and
Forster (1982). Attitudes toward land controls, vested-interest perspectives, attitudes
toward land stewardship, and agrarianism all effect a farmers decision to implement a
BMP.

*  Farmers tend to strongly oppose land use controls in which government
intervention affects their rights to determine how to use their own land.

¢  Farmers, however, favor government involvement when it is to their
advantage, such as cost-share funding and technical assistance. Thus, they

tend to resist any program that does not benefit them directly.
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*  Farmers perceive themselves as stewards of the land and such a belief should
be a motivating factor in the adoption of conservation practices.
*  Agrarianism also would motivate a farmer to implement conservation

practices that protect land resources.

Survey Methodologies and Results

Numerous surveys have been conducted in order to determine the factors involved in a
farmer’s decision to adopt conservation practices. These studies have used descriptive
and multivariate statistics to determine farmer’s characteristics and attitudes. They have
also attempted to predict such variables as “willingness to participate in a tenant buy-
down program”, “willingness to sell row-cropping rights to erosion prone land”, the
effect of personal and farm characteristics, favorability toward conservation compliance,
adoption of selected farm practices, and attitudes toward groundwater pollution (Napier,

et al., 1988, Swanson et al., 1986, Napier and Brown, 1993, Napier and Napier, 1991, and

Cameron-Howell, 1992)

Swanson et al. (1986) conducted a survey of 918 Ohio farmers in order to determine what
types of conservation practices the farmers were using and to build predictive models
usihg personal and farm characteristics to explain frequency of conservation practice use.
Ten conservation practices were studied to determine the frequency of their use by farm

operators. Multivariate analyses were used to build the predictive models. Farm
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characteristics were the best predictors of the frequency of conservation practice use.
Farmers with higher levels of education, increased exposure to information sources, and
environmental concerns tended to adopt more conservation practices. Age, years of

farming experience, and size of farm were not significant factors in predicting the use of

these conservation practices.

A study of the Oakwood Lakes/ Poinsett Rural Clean Water Program (RCWP)
participants was conducted to determine the influence of the program on them, the
reasons they signed up for the program, and if a change in farming methods resulted from
participation in the program (Cameron-Howell, 1992). Ninety-five surveys were mailed
to former participants in the RCWP, of which 49 were completed and returned.
Descriptive statistics, chi-square, and frequency analyses were used to describe the
farmers' attitudes and farming practices. About 59 percent of the respondents indicated a
change in tillage methods from plowing to conservation tillage as a result of their
participation in the RCWP. Fifty-five percent thought that their crop productivity
increased, mainly because of an increase in soil moisture. The primary sources of
information on the RCWP were neighbors, and the SCS and ASCS offices. Most of the
farmers (76 percent) felt that participation in the RCWP improved water quality in
Oakwood Lakes or Lake Poinsett. The primary motivation to join the program was the
cost-share incentives, however 82 percent of the farmers continued conservation tillage

after the program benefits ceased (Cameron-Howell, 1992).
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Napier et al. (1988) collected data from 552 land-operators in erosion prone areas of
central and western Ohio to determine their "willingness to participate in a tenant buy-
down program" and "willingness to sell row-cropping rights to erosion prone land". The
study participants were selected using a systematic sampling technique in which every
other occupied farmstead in the study area was chosen. Descriptive and multivariate
statistics were used to analyze the data. These descriptive analyses showed that the
respondents believed soil erosion control practices can produce profits for landowners
who use them, are relevant to their farming operation, and are useful and that farmers
should have absolute rights to farm land they own but should not be free to abuse land
resources. The multivariate analyses revealed that the respondents who were more
favorable toward participation in the interest buy-down program believed that farmers
who wish to adopt erosion control practices should not be required to pay the costs of
adoption; farmers should not have absolute rights to land; farmers should not be
permitted to abuse land resources; erosion control practices could increase profits;
erosion control practices were relevant to their farming operations; and soil erosion was a
problem on their farm. Those farmers who were more willing to sell row-cropping rights
believed that farmers do not have absolute rights to land and that they should be forced to
use soil conservation practices on highly erosive land. They also believed that farmers
who adopt soil erosion control practices should not have to pay the costs of adoption.
These farmers owned more acres being damaged by soil erosion, and derived higher

percentage of their gross farm income from non-grain farm products. Both predictive
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models explained approximately 22 percent of the variability of the dependent variable.

Napier and Napier (1991) conducted a survey of 371 land-owner operators in central
Ohio to assess their attitudes toward conservation compliance. Farmers were selected
using the systematic sampling technique previously discussed. Multivariate statistics
were used to measure the favorability toward conservation compliance using farm
characteristics, attitudes of the owner-operators, and perceptions of compliance as
independent variables. A zero-order correlation coefficient was used to examine the
relationship between the dependent and independent variables. These analyses revealed
that those farmers who were most favorable toward conservation compliance perceived
that conservation compliance will produce benefits for their farming operation; believed
that farmers do not have absolute rights to land; reported greater awareness of
agriculturally induced pollution; had greater knowledge of conservation compliance;
believed that conservation compliance will not change production costs substantially; and
participated in more federal farm programs. Regression analysis were used to assess the
relative explanatory power of the independent variables. Increased favorability towards
conservation compliance was explained by increased benefits of conservation
compliance, less absolute rights of farmers, more knowledge of conservation compliance,
awareness of agriculturally induced pollution, and little impact of conservation
compliance on production costs. This model explained 55.3 percent of the variance in the

dependent variable.
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Napier and Camboni (1993) collected data from 1,305 farm operators in the Scioto River
watershed in Ohio to examine the use of conventional and conservation farming
practices. The sample size of each county was determined based on the number of
farmers in each county. The sample population was selected using the systematic
sampling techniques through which they conducted interviews with occupants of every
other farmstead. The survey contained questions concerning the types of agricultural
practices used; concern for groundwater pollution; perceived knowledge of groundwater
pollution; perceived threat of groundwater pollution to their health; perceived impact of
conservation farming on production costs; use of well water for household consumption;
and farm and personal characteristics. Regression analyses were used to determine the
significant factors involved in adopting different farm practices. The model used to
predict use of soil testing had an adjusted coefficient of determination of 0.16, and
showed that those farmers that used soil testing tended to have more knowledge of
groundwater pollution in their county of residence; reported higher gross farm income;
used well water for household purposes; reported a higher proportion of gross farm
income from grain production; used more sources of information about groundwater
pollution; and participated in numerous farm programs. The model used to predict winter
application of manure explained about 29 percent of the variance and demonstrated that
those farmers most likely to apply manure in the winter were more knowledgeable of
groundwater pollution; were younger; reported higher gross farm income; used well water

for household purposes; reported lower percentages of gross income from grain farming;
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higher percentages of gross income from animal production; reported less concern about
groundwater pollution; and participated in more government farm programs. Models
were developed to predict use of ten different practices, however eight of these models
had an adjusted coefficient of determination of less than 0.10 and were not discussed
because they did not successfully explain the variability regarding the use of the farm
practices. Napier and Napier (1991) concluded that until good predictive models are
developed concerning the adoption of soil and water conservation practices, billions of
dollars and a tremendous amount of human effort will be spent on conservation programs

that will produce relatively little effect.

Napier and Brown (1993) used the data collected from the study discussed previously to
determine the factors affecting attitudes toward groundwater pollution. A Groundwater
Pollution Index was developed and used as the dependent variable in a multivariate
regression model by using the perceived importance of groundwater pollution as an
environmental problem and action options needed to prevent groundwater pollution.
Respondents who believed that their families were threatened by fertilizers and pesticides
in the groundwater; and used well water for household consumption were more willing to
change production practices to protect groundwater resources. Those farmers who were
more knowledgeable of groundwater pollution in their county, had higher debt to asset
ratios, and more specialized in grain production were less concerned about groundwater

pollution and less willing to change farming practices to protect groundwater resources.
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Those farmers that farmed more acreage believed that production costs would increase if
they implemented practices to protect groundwater resources. The regression model

explained about 33.8 percent of the variation in the groundwater pollution index score.

Hoban and Wimberley (1992) conducted a study of farmers participating in the Rural
Clean Water Program (RCWP) and farmers who were eligible, but chose not to
participate. Twenty-one RCWP project areas were used in the study and the appropriate
number of farmers were selected at random from each of these areas based on the cubic
root of farm operators from a given area participating in the RCWP. This procedure was
taken in order to achieve a compromise between selecting a proportionate number of
farmers based on the population of farm operators in each area and selecting an equal
number of farmers from each project area regardless of the number of farm operators. An
advisory committee consisting of RCWP officials, project personnel, social scientists, and
others who had experience with RCWP was established to provide advice on sampling
design and survey content. Telephone interviews were conducted and a response rate of
almost 85 percent was achieved. The response rate was higher for those farm operators
that participated in the RCWP compared to those that did not participate. The study
attempted to describe the results in terms of water quality awareness and information;
attitudes about water quality problems; adoption of BMPs; participation in the RCWP;

and attitudes about public policies and programs. Farm magazines were the most
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frequently cited sources of information followed by government agricultural and
conservation agencies. About 57 percent of the respondents believed that water pollution
was either a "serious problem” or "somewhat of a problem" in their area, whereas only 21
percent felt that water pollution was either a "serious problem" or "somewhat of a
problem" on their farms. Approximately two-thirds of the respondents were concerned
about pollution of their own drinking water. Over one-third of the respondents indicated
runoff from cropland as a cause of water pollution (which was the most frequently
mentioned cause). About 25 percent mentioned pesticides and 20 percent mentioned

fertilizers as causes of water pollution.

Non-agrarian causes of pollution, such as industrial and municipal discharge, septic tanks,
litter or garbage, and urban runoff constituted 45 percent of the reported causes of
pollution. Forty-six percent of the farmers believed that the farming practices used had
no significant impact on water quality, and over 75 percent felt that agriculture is being
unfairly blamed as a cause of water quality problems. Soil testing, pesticide management,
conservation tillage, grass waterways, and cover crops were reported as being used by
over 70 percent of the farmers responding to the survey. In general, BMPs that tended to
be more management oriented, rather than structural were the most frequently
implemented practices. The major factors influencing the adoption of BMPs were the
cost of the practice; potential to improve water quality; the practice's effect on profits; the

ease of use; and labor and time required. All of these factors were indicated by at least 50
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percent of the respondents as a very important consideration (Hoban and Wimberley,

1992)

Hoban and Wimberley (1992) also attempted to determine what factors influenced the
680 farmers who participated in the RCWP. The major reasons were their concern for
pollution and availability of cost-share funds. The major reasons given by the 481
farmers that chose not to participate in the RCWP were no pollution problem, either on
their farm or in general, resistant to change because the farmer's current practices work
well or that changing practices would involve too much trouble, and a dislike of
government programs because of too much red tape or complicated procedures. Most
farmers seem to support the voluntary approach taken by the RCWP and 96 percent
believed that "water pollution can best be controlled through educational programs that
encourage farmers to use BMPs." About 89 percent felt that "if farm operators don't do
more to protect water quality on their own, the government will force them to protect
water quality through regulations” and 69 percent agreed that the government should

help pay more for water pollution control on farms.

Virginia’s Cost-Share Program

The Virginia cost-share program provides state and federal funding to farmers, and local

Soil and Water Conservation Districts (SWCD) administer the implementation of the
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BMPs. The SWCD seek farmer participation in this program based on need as
determined from the use of major agricultural activities that influence water quality, soil
properties, and animal unit numbers. These factors are analyzed to determine relative
water quality degradation for individual hydrologic units. Funding is allocated to the
hydrologic units with the potential for the most significant water quality problems. The
Districts recruit those farmers from within the most critical hydrologic units which have
both the willingness to voluntarily participate in the cost-share programs and have the

potential to make substantial improvements in protecting water quality (DSWC, 1995).

There are three major requirements for participation in the cost-share program (DSWC,
1995):

*  Participants must have lands that are classified as either 1/3 highly erodible
land (HEL) or have a water quality index (WQI) category rating of 5 or
greater or have an erosion index (EI) value of 8 or greater. The WQI rating is
determined using the VirGIS overlay maps.

*  Priority consideration must be given to those candidates in the highest ranked
hydrologic unit for water quality degradation potential.

«  No practice may be installed with cost-share funds unless a conservation plan

exists for the field in question.

Some possible exceptions to the first requirement are the implementation of animal waste
control facilities, loafing lot management systems, composter facilities, permanent

vegetative cover on critical areas, stream protection, vegetation stabilization of marsh
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fringe area, water table control structures, and woodland erosion stabilization. Sod
waterways, small grain cover crop for nutrient management, grazing land protection,
grass filter strips, and sediment retention, erosion or water control structures can also be

accepted practices under appropriate conditions.

The 1995 Virginia Agricultural BMP Cost Share Manual outlines the description,
purpose, cost-sharing authorization/eligibility requirements, specifications, cost-sharing
rates, and technical responsibility of the farmer for 22 BMPs (DSWC, 1995). Although
most of the BMPs are designed to control erosion or surface runoff from cropland, there
are sevefal that are intended for animal waste and pasture management, and conservation
practices using forest management techniques. A list of BMPs eligible for Virginia
SWCD cost-share funds, a brief description and purpose of the practices, and the rate of

cost-sharing available for each is listed in Table 2.1 (DSWC, 1995).

The cost-share funding limits are maintained by the SWCD so that specific identified
water quality problems can be addressed. As described in the Virginia Agricultural BMP
Cost-Share Program Manual (DSWC, 1995):

e  The individual cost-share funds limit is between $2,000 and $7,500 for all
crop and pasture land BMPs per applicant per year depending on the Soil and
Water Conservation District. This limit is established by each District board,
with the same limit being applied to all participants throughout the District.

¢  For the animal waste control facilities and the loafing lot management
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systems, a limit of either $7,500 or $20,000 per applicant per year is imposed.
The $7,500 limit is used for the construction of an animal waste storage
structure, such as a lagoon or pond, and the associated components that are a
part of the planned animal waste management system. The $20,000 limit is
used for the construction of a fabricated liquid waste storage structure and
associated components that are a part of the planned animal waste
management system. The $20,000 limit can only be applied when a
fabricated structure is the only acceptable structural alternative based on site
limitations, such as high water table or karst topography, for liquid waste
management.

¢ Applicants may receive the sum of these two limits for the implementation of

both animal waste storage facilities and cropland/pastureland BMPs.

State sponsored cost-share funds do not apply to all lands in order to avoid overlap or
conflict with federal cost-sharing programs. Lands that have been identified as being in
violation of "sodbuster” provisions are not eligible if not carrying out an approved plan to
return to sod condition or not eligible if used on converted woodland. Other lands not
eligible for state cost-sharing are those identified as being in violation of "swampbuster"”
provisions, those lands enrolled under the Conservation Reserve Program (CRP), and
those lands under the Wetlands Reserve Program (WRP). Lands identified as highly
erodible (HEL) are eligible, as well as land enrolled under CFSA-ACP program, as long

as CFSA policies and procedures are met.
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Table 2.1.

Best Management Practices Eligible for Virginia DSWC Cost-Share
Funding.

BMP

Description and Purpose

Rate of Cost-
Sharing

Animal Waste

Control Facilities

A planned system designed to manage liquid
and solid waste from areas where livestock
and poultry are concentrated to improve water
quality by storing and spreading waste at the
proper time, rate, and location.

75% of total
eligible cost

lower side constructed across the general land
slope to improve water quality by directing
nutrient and sediment laden water from large
areas to sites where it can be used or disposed
of safely.

Loafing Lot Lots used for herd exercise and loafing to 75% of total
Management prevent those areas exposed to heavy eligible cost
Systems livestock traffic from experiencing excessive

manure and soil losses due to the destruction

of ground cover.
Composter A planned system designed to manage 75% of total
Facilities treatment and disposal of poultry carcasses eligible cost

resulting from normal mortality, thus

improving water quality by composting the

carcasses and spreading the composted

material at the proper time, rate, and location.
Buffer A series of narrow permanent protective $15/acre
Stripcropping strips of sod alternating with wider strips of

row or close growing crops to reduce erosion

and surface runoff and improve water quality.
Diversions A channel with a supporting ridge on the 75% of total

eligible cost
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Table 2.1. Continued.
Rate of Cost-
BMP Description and Purpose Sharing

Grass Filter Strips | Vegetative buffers located along the banks of | $175/acre

water courses to filter runoff, anchor soil

particles, and protect banks against scour and

erosion, thus improving water quality by

filtering fertilizers, pesticides, sediment, and

microorganisms that otherwise may reach

waterways.
Grazing Land A structural and/or management practice that | 75% of total
Protection will enhance or protect vegetative cover to eligible cost

reduce runoff of sediment and nutrients from
existing pasture land and reduce NPS
pollution associated with grazing livestock.

Vegetative Cover
on Critical Areas

vegetative cover on critically eroding areas to
improve water quality by stabilizing soil, thus
reducing the movement of sediment and
nutrients from the site.

Legume Cover Establishment of a cover crop to utilize an $25/acre
Crop adequate legume mulch residue as a natural

source of nitrogen to reduce applied soil

amendment nitrogen and improve water

quality by preventing erosion and serve as a

desirable mulch for no-till cultivation.
No-Till Pasture- Re-establishment of pastures and hayland $25/acre
Land and Hayland | with no-till grasses and legumes to reduce soil

erosion, enhance water quality, and improve

sod cover.
Permanent Land shaping and planting of a permanent 75% of total

eligible cost

Protective Cover
for Specialty
Cropland

Establishment of a vegetative cover on
specialty cropland to provide an incentive to
keep a cover on cropland when it is not being
used after harvest of the specialty crop, such
as tobacco and vegetables.

$10/acre
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Table 2.1. Continued.

Retention, Erosion
or Water Control

Rate of Cost-
BMP Description and Purpose Sharing
Reforestation of Tree planting on cropland and pasture land to | $75/acre
Erodible Crop and | provide an incentive to change land use to
Pasture land one that will more effectively control the soil
and nutrient loss from surface runoff.
Sediment Structures that will collect and store debris or | 75% of total

control the grade of drainage ways to improve
water quality by reducing the movement of

eligible cost

Structure sediment and materials from agricultural land
to receiving streams.
Sod Waterways A natural or constructed waterway, shaped or | 75% of total

graded and established in suitable vegetation,
to safely convey water across areas of
concentrated flow and improve water quality
by reducing the movement of sediment and
nutrients from agricultural nonpoint sources.

eligible cost

Stream Protection

Protection methods, such as fencing or shrubs
and grasses, along streams to reduce erosion,
sedimentation, and the pollution of water
from agricultural nonpoint sources.

75% of total
eligible cost

Stripcropping
Systems

Growing crops in a systematic arrangement of
strips or bands across the general land slope
to reduce water erosion and nutrient loss.

$30/acre + 75%
of total eligible
component cost

Terrace Systems

An earth embankment, channel, or a
combination ridge and channel constructed
across the slope to improve water quality by
reducing slope and slope length to one that
will slow the movement of sediment and
nutrients from cropland.

75% of total
eligible cost
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Table 2.1. Continued.
Rate of Cost-
BMP Description and Purpose Sharing

Vegetative Establishment of a fringe marsh buffer area 50% of total
Stabilization of for tidal shoreline stabilization so that the eligible cost
Marsh Fringe Area | establishment of a natural and

environmentally acceptable fringe buffer of

selected marsh grasses will provide to

stabilization protection on tidal waters.
Water Table A water control structure for the management | 75% of total

Control Structure

of drainage water to regulate and manage
drainage water to improve water quality by
trapping sediment and managing dissolved or
suspended nutrients.

eligible cost

Stabilization

vegetation on critically eroding areas on
forest harvesting sites to improve water
quality by stabilizing soil.

Woodland Buffer Establishment of a forest buffer to provide $100/acre
Filter Area streambank protection and to control soil

erosion, sedimentation, and nutrient loss from

surface runoff of agricultural nonpoint

sources.
Woodland Erosion | Land shaping and planting permanent 75% of total

eligible cost

Small Grain Cover
Crop for Nutrient
Management

Establishment of vegetative cover on
cropland for protection from erosion and the
reduction of nutrient losses to groundwater.

$10/acre or
$15/acre
depending on
the type of
cover planted

Source: Virginia Agricultural BMP Cost-Share Program Manual, (DSWC,1995).
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3 Methodology

Survey Development

Many sources were consulted in the initial development of the survey. Ideas and
suggestions from the staff of the Virginia Department of Conservation and Recreation,
Division of Soil and Water Conservation, (DSWC), a sociologist, an economist, and
faculty and staff of the Virginia Tech Biological Systems Engineering Department were
combined to develop an original draft of the survey. The first draft contained 67
questions dealing with agricultural production, fertilizer and pesticide use, extent of BMP
implementation, factors influencing BMP implementation, and personal opinions and
information. Surveys conducted by the Maryland Farm Bureau and by North Carolina
State University were used as guides for the initial development of this survey. Due to the
many considerations of the size and medium of implementation, the survey was revised
several more times. The survey was finally reduced to 35 questions (Appendix A). Once
the survey was near completion, staff of the Virginia Farm Bureau Federation were
invited to make any suggestions which would improve the quality of the survey or make
the survey more easily completed by the farm operator. The Center for Survey Research
at Virginia Tech was then contacted to improve the overall quality of the survey. A cover
letter, cosigned by the Director of the DSWC, and the President of the Virginia Farm

Bureau Federation, was sent to the farm operators. The cover letter explained the goal of

Methodology 25



the survey and ensured confidentiality of the farmers' responses.

Sample Population Determination and Sampling Procedures
In order to successfully and accurately gain information pertaining the farming practices
and implementation of BMPs throughout Virginia's Chesapeake Bay drainage basin,
several steps were undertaken. Sixty-seven counties located in the Chesapeake Bay
region of Virginia were surveyed. The criteria for choosing whether a county would be
included in the study was based on the percentage of land area in a given county which
drains to the Chesapeake Bay. Any county which had less than ten percent of its area in
the Chesapeake Bay drainage basin was not included in the survey. Once the counties
had been selected, the number of surveys needed to reach the established statistical
criteria was calculated. Farm operators were chosen as the survey unit and all of the
following procedures deal with the farm operator, rather than a particular farm. It was
estimated that approximately 24,000 farmers exist in the Chesapeake Bay basin in
Virginia. Procedures suggested by Thompson (1992) were used to determine the sample
size needed to obtain a 95% confidence level with 3% error. Based on these procedures it

was determined that 1,341 completed surveys were needed for the study.
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The number of surveys required from each county was determined by the following

formula:

1341 X No. of Farmers within the County
’ No. of Farmers within the Chesapeake Bay Basin

Any calculations with a remainder were rounded up to the nearest integer in order to
determine the number of surveys required for each county. After these calculations for
individual counties were completed, an estimated 1,478 completed surveys were required
for our analysis in order to obtain the established statistical criteria of a 95% confidence
interval with 3% error for each county. The required number of completed surveys was
multiplied by four, based on an estimated 25% response rate, to determine the number of
surveys to mail for each county. Table 3.1 lists the number of surveys necessary to reach
the statistical criteria set for each county, and the number of surveys mailed to and

received from each county.

VirGIS landuse data was used for most counties, with GRASS 4.1, to randomly select the
agricultural landuse parcels. The random selection of locations was performed by the
random subroutine within GRASS 4.1. The number of agricultural landuse parcels
randomly selected was calculated by multiplying the number of surveys to be mailed by
1.75 to account for duplication of farm operators in the random selection. The random

selection of locations in the counties of Accomack, Alleghany, Amherst, Bath, Craig,
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Table 3.1. Summary of Surveys Mailed and Received.

# OF SAMPLES # OF SURVEYS % OF SURVEYS

COUNTY # FARMS NEEDED RECEIVED RECEIVED
Accomack 323 19 17 92
Albemarle 772 44 43 98
Alleghany 150 12 8 67 -
Amelia 322 19 21 100
Ambherst 408 23 23 99
Appomattox 358 21 18 88
Augusta 1536 86 90 100
Bath 135 12 8 67 .
Bedford 1240 70 71 100
Botetourt 532 30 34 100
Buckingham 346 20 15 76
Campbell 628 36 31 87
Caroline 220 13 14 100
Charles City 47 12 8 67
Chesapeake 223 13 11 85
Chesterfield 169 12 12 100
Clarke 315 18 15 83
Craig 177 12 8 67
Culpeper 492 28 20 71
Cumberland 277 16 14 87
Dinwiddie 373 21 21 98
Essex 142 12 11 92
Fairfax 198 12 15 100
Fauquier 978 55 44 80
Fluvanna 261 15 16 100
Frederick 555 32 28 89
Gloucester 130 12 9 75
Goochland 253 15 10 68
Greene 225 13 9 69 -
Hanover 554 32 33 100
Henrico 158 12 6 50
Highland 303 17 22 100
Isle of Wight 245 14 10 70
James City 68 12 7 58
King and Queen 157 12 7 58
King George 141 12 9 75
King William 121 12 6 50
Lancaster 84 12 7 58
Loudoun 934 53 41 78
Louisa 397 23 27 100
Madison 441 25 25 a9
Mathews 77 12 6 50
Middlesex 83 12 11 92
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Table 3.1. Continued.

# OF SAMPLES # OF SURVEYS % OF SURVEYS

COUNTY # FARMS NEEDED RECEIVED RECEIVED
Nelson 365 21 17 81
New Kent 72 12 10 83
Northampton 180 12 9 75
Northumberland 159 12 10 83
Nottoway 302 17 15 86
Orange 424 24 21 87
Page 489 28 29 100
Powhatan 212 12 15 100
Prince Edward 353 20 21 100
Prince George 167 12 12 100
Prince William 272 16 14 89
Rappahannock 288 17 17 100
Richmond 148 12 13 100
Rockbridge 682 39 47 100
Rockingham 1895 107 116 100
Shenandoah 830 47 49 100
Spotsylvania 305 18 24 100
Stafford 197 12 14 100
Suffolk 314 18 16 89
Surry 126 12 12 100
Va. Beach 165 12 5 42
Warren 223 13 17 100
Westmoreland 181 12 7 58
York 66 12 6 50
Ches. Bay Basin 23963 1341 1377 100

BOLD names indicate the number of responses received were greater than the nu
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Cumberland, Dinwiddie, Highland and Surry was accomplished by choosing locations
from within the entire county boundary, since no land use data was available for these
counties. Because the selection of random locations in these counties was not based on
the agricultural land use of the county, many more points were chosen due to the
increased probability that the selected locations may not be in an agrarian portion of the
county. Once the appropriate number of points were selected, maps containing

agricultural land use cells and road networks were created for each county.

The names and addresses of the farm operators, corresponding to the random locations,
were obtained using primarily the information available in county USDA-ASCS offices.
Their aerial photographs closely agreed with the maps generated from the VirGIS land
use data. The selection of farmers in those counties for which VirGIS land use data was
not available was more difficult because the random locations were not based on
agricultural areas. Therefore, the nearest farm operation to the randomly-selected point
was chosen. However, the name and address of the farm operator for many of the
locations selected could not be found in the ASCS records and investigation into the
county tax maps was needed in order to determine the owner of the land. After the names
and addresses had been obtained, they were entered into a database format of Quattro Pro
and sorted so that a farmer with operations in more than one county would not receive

more than one survey.
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Implementation of the Survey

The first mailing of the survey was sent during the first week of October, 1994.
Approximately 5,850 surveys were mailed. A reminder card was sent in mid-November
to remind the recipients of the surveys to promptly complete the survey and return it to
Virginia Tech. The second mailing of the survey, approximately 4,800 surveys, occurred
during the third week of December, 1994. The difference in the number of surveys
mailed between October and December mailings (approximately 1,050 surveys) were not
all due to completed responses; many were returned to indicate that the recipient no
longer had a farming operation and others were returned due to address problems. A
second reminder card was mailed during the second week of January 1995 to encourage

farmers to complete and return their survey.

Data Entry

Procedures in dBASE were developed for the entry of the survey information from each
county. The survey was separated into four portions and the information for each portion
was entered into three separate files. The first dBASE file contains the first and last
portions of the survey (Questions #1 - #5 and #24 - #35, Appendix A) which mainly dealt
with the personal opinions and information of the responding farm operator. The second
file contains information concerning the agricultural production, extent and type of BMPs

implemented, and satisfaction of those BMPs used (Questions #6 - #11, Appendix A).
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The third file contains a variety of questions dealing with many factors which have
influenced the implementation or non-implementation of BMPs and future adoption of
BMPs and the perceived effects of BMPs on production, farm income, labor demand and

general knowledge of water quality (Questions #12 - #23, Appendix A).

Data Analysis

Summaries of each of the three files were produced. A summary of the three files was
produced for each individual county, the five major drainage basins, the six Division of
Soil and Water Conservation (DSWC) Field Offices, and the entire Chesapeake Bay
drainage basin in Virginia. The five major drainage basins are the Potomac River,
Rappahannock River, York River, James River, and Chesapeake Bay Coastal basins. The
six DSWC Field Offices surveyed were the Central Tidewater, Central Virginia, Northern
Piedmont, Shenandoah Valley, and portions of the Southeast Virgnina, and Southside
Virginia Field Offices. The percentage of the farmland in each county that lies in the
major river basins is indicated in Table 3.2. Table 3.3 lists the counties that comprise the
DSWC Field Office regions. The error associated with a 95 percent confidence level for

the major river basins and the DSWC regions is listed in Table 3.4.
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Table 3.2. Percentage of Agricultural Land in the Major River Basins.

Potomac Rappahannock York James Coastal Ches. Bay
County Basin Basin Basin Basin __ Basin Basin
Accomack 0 0 0 0 56 56
Albemarle 0 0 2 98 0 100
Alleghany 0 0 0 100 0 100
Amelia 0 0 0 100 0 100
Ambherst 0 0 0 100 0 100
Appomattox 0 0 0 74 0 74
Augusta 90 0 0 10 0 100
Bath 0 0 0 100 0 100
Bedford 0 0 0 11 0 11
Botetourt 0 0 0 92 0 g2
Buckingham 0 0 0 100 0 100
Campbell 0 0 0 3 0 3
Caroline 0 25 75 0 0 100
Charles City 0 0 0 100 0 100
Chesapeake 0 0 0 6 0 6
Chesterfield 0 0 0 100 0 100
Clarke 100 0 0 0 0 100
Craig 0 0 0 85 0 85
Culpeper 0 100 0 0 0 100
Cumberland 0 0 0 100 0 100
Dinwiddie 0 0 0 13 0 13
Essex 0 90 0 0 10 100
Fairfax 100 0 0 0 0 100
Fauquier 51 49 0 0 0 100
Fluvanna -0 0 0 100 0 100
Frederick 100 0 0 0 0 100
Gloucester 0 0 39 0 61 100
Goochland 0 0 4 96 0 100
Greene 0 44 0 56 0 100
Hanover 0 0 90 10 0 100
Henrico 0 0 0 100 0 100
Highland 34 0 0 66 0 100
Isle of Wight 0 0 0 57 0 57
James City 0 0 23 77 0 100
King and Queen 0 0 77 0 23 100
King George 25 75 0 0 0 100
King William 0 0 100 0 0 100
Lancaster 0 97 0 0 3 100
Loudoun 100 0 0 0 0 100
Louisa 0 0 98 2 0 100
Madison 0 100 0 0 0 100
Mathews 0 0 0 0 100 100
Middlesex 0 58 0 0 42 100
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Table 3.2. Continued.

Potomac Rappahannock York James Coastal Ches. Bay

County Basin Basin Basin Basin Basin Basin
Nelson 0 0 0 100 0 100
New Kent 0 0 42 58 0 100
Northampton 0 0 0 0 64 64
Northumberland 59 1 0 0 40 100
Nottoway 0 0 0 62 0 62
Orange 0 52 46 1 0 100
Page 100 0 0 0 0 100
Powhatan 0 0 0 100 0 100
Prince Edward 0 0 0 94 0 94
Prince George 0 0 0 35 0 35
Prince William 100 0 0 0 0 100
Rappahannock 0 100 0 0 0 100
Richmond 0 100 0 0 0 100
Rockbridge 0 0 0 100 0 100
Rockingham 100 0 0 0 0 100
Shenandoah 100 0 0 0 0 100
Spotsylvania 0 17 83 0 0 100
Stafford 49 51 0 0 0 100
Suffolk 0 0 0 43 0 43
Surry 0 0 0 43 0 43
Va. Beach 0 0 0 0 1 1
Warren 100 0 0 0 0 100
Westmoreland 59 41 0 0 0 100
York 0 0 75 1 24 100
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