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 ABSTRACT 
 

Assessment tools were developed to address the need for a low cost, rapid method 

of quantifying the quality of agricultural best management practices (BMPs).  Best 

management practices are either cost-shared, where some or all of the capital costs of the 

practice were subsidized with federal, state, or local funds, or non cost-shared, where the 

cost of the practice and its upkeep is paid for by the landowner or farm operator.  Cost-

share practices are required to comply with state standards, while non cost-share practices 

are not subject to any standards.  For this study, BMP quality is defined as the adherence 

to design, site selection, implementation, and maintenance criteria relating to water 

quality as specified by state and federal agencies promoting BMP implementation.   

The two objectives of this research were: 
 

1. develop a set of assessment tools to quantify the quality of agricultural best 
management practices in a rapid low-cost manner, and 

2. test the tools and determine if differences in quality exist between cost-share 
and non cost-share BMPs in the James River Basin of Virginia.   

 
Assessment tools were developed for sixteen practices: alternative water systems, 

stream fencing, streambank stabilization, grass filter strips, wooded buffers, permanent 

vegetative cover on critically eroding areas, permanent vegetative cover on erodible 

cropland, reforestation of erodible crop and pasture land, animal waste storage facilities, 

grazing land protection systems, loafing lot management systems, late winter split 

application of nitrogen on small grains, protective cover for specialty crops, sidedress 
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application of nitrogen on corn, small grain cover crops—fertilized and harvested, and 

small grain cover crops for nutrient management. 

Assessment tools were developed using both Virginia BMP standards and expert 

knowledge.  Virginia Department of Recreation and Conservation (DCR) and Virginia 

and national Natural Resource Conservation Service (NRCS) BMP standards were 

collected and sorted into the four quality component categories; design, site selection, 

implementation, and maintenance.  Standards that pertained directly to a BMPs’ potential 

to protect water quality were translated into question format.  Multiple-choice or yes/no 

questions were used as often as possible to avoid potential bias and for ease of 

processing.  Assessment tool development involved an iterative process that included 

input from a research team (university-based researchers) and an expert team (public and 

private sector professionals and practitioners responsible for BMP design and 

assessment).   

One hundred and fifty-five cost-shared BMPs and 150 non cost-shared BMPs 

were assessed on 128 independent farms in the James River Basin of Virginia over a 

period of four months.  The assessment tools were loaded onto a personal digital assistant 

(PDA), which facilitated data collection and eliminated the need for data transcription.  

Data collected on the PDA were uploaded periodically to a computer database.  A digital 

camera was used to develop a photographic record of the assessed BMPs. 

Best management practice quality scores were based on five-point scale, with one 

being the lowest quality score and five as the highest.  Statistical analyses conducted on 

both the overall quality scores and the quality component scores, indicate that there is not 

a strong significant difference (p ≤ 0.05) in quality between the cost-shared and non cost-

shared BMPs assessed for this study.  Statistically significant differences between cost-

share and non cost-share practices did, however, exist.  For the filter/buffer strips 

practices (grass filter strips and wooded buffers), the implementation quality component 

cost-share mean (3.35) and the non cost-share mean (3.88) were statistically different at 

the 0.05 level (p-value = 0.026).  One other statistically significant difference was found. 

For stream fencing, the overall quality cost-share mean was 4.68 while the non cost-share 

mean was 4.20; the means are statistically different at the 0.05 level (p-value = 0.043). 
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Statistical analyses were performed to determine if age of practice, farm size, or 

Soil and Water Conservation District (SWCD) had effects on the BMP quality.  No 

statistically significant differences (p ≤ 0.05) were found relating to the age of an 

assessed BMP or farm size.  One SWCD, the Robert E. Lee district, had a statistically 

significant difference in the design quality component means; cost-share mean = 4.21, 

non cost-share mean = 2.94 with a p-value of 0.048.   

The statistically significant differences that were detected do not establish a clear 

trend; it appears that for the BMPs assessed here the qualities of cost-share and non cost-

share practices are roughly equal.  The fact that cost-share practices and non cost-share 

practices do appear to be roughly equal may be the result of education and outreach 

programs sponsored by Virginia’s SWCDs and Virginia Cooperative Extension.  Non 

cost-share practices may be of equal quality to cost-share practices because those 

implementing BMPs without the benefit of cost-share may have a greater stake (both 

financial and personal) in those practices performing well.   

If no statistically significant difference in quality exists between cost-share and 

non cost-share practices, then non cost-share practices should be treated equally when 

accounting for BMPs in NPS pollution in watershed management and computer 

modeling.  Currently, only cost-share practices are included in computer models, in part 

because these are the only practices tracked by the existing BMP establishment 

infrastructure.  Estimating the numbers and distribution of non cost-share practices and 

incorporating them into NPS water quality modeling efforts will more accurately reflect 

the steps agricultural producers have and are taking to decrease the amount of NPS 

pollution reaching water bodies.  Additionally, policy regarding NPS pollution and BMPs 

should reflect the apparent equal qualities of cost-share and non cost-share practices.   

The assessment tools developed as a part of this study can potentially be applied 

to determine the quality of BMPs on basin or state-wide scales to give policy makers a 

better understanding of the practices and populations that the policies are created for.  

Moreover, BMP quality scores have the potential to be used as a surrogate measure for 

BMP performance.  Further research recommendations include correlating BMP quality 

scores with BMP performance, wider scale testing of the tools, continued revision of the 

tools, and using the assessment tool scores to diagnose BMP quality problems. 
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CHAPTER 1 -  INTRODUCTION 
 

Best management practices (BMPs) are thought to be effective means to reduce 

nonpoint source (NPS) pollution.  Nonpoint source pollution is widely associated with 

agricultural processes (EPA, 1997).  The goals of this study were to develop and test 

survey-like instruments to assess BMP quality and to use the tools to quantify and 

compare cost-share and non cost-share BMP quality in the James River Basin of Virginia.  

Assessments made with the tools were based on visual observations of BMPs rather than 

traditional methods of determining the success of BMP programs, which relies only on a 

count of the number of practices implemented rather than the actual performance or 

quality of the BMPs.     

Best management practice quality is defined as a measure of BMP design (is the 

design appropriate and adequate), site selection (is the location appropriate for the 

practice), implementation (is the practice being executed as necessary), and maintenance 

(is the BMP properly maintained).  Quality scores have the potential to be used as a 

surrogate measure for BMP performance.  Visual assessment tools allow for a low cost, 

easy, rapid, site-specific evaluation of BMPs without the time and expense associated 

with monitoring programs.   

This study will be useful to state agencies that develop design standards, 

distribute cost-share funds, and formulate policy concerning agricultural NPS pollution 

and BMP programs.  It will be beneficial to the state government and taxpayers alike to 

know if funds spent in reducing water pollution from agricultural sources are being 

utilized successfully and if they are not to allocate resources in a different manner that 

would more effectively reduce agriculture-related water pollution in the Commonwealth 

of Virginia.   

The ability of BMPs to reduce pollutants is site specific.  Topography, soil 

characteristics, geological formations, climate, crops, and cultural practices impact BMP 

suitability and performance.  No single management practice for controlling a certain 

pollutant is appropriate for all situations (EPA, 1999).  The NRCS (Natural Resources 

Conservation Service) suggests the following procedure for farm operators or 

 1  



conservationists considering BMP implementation (T. Dillaha, personal communication, 

Blacksburg, VA, 18 January 2002): 

 
1. identify the water quality problem, 
2. identify the pollutants causing the problems and their likely sources, 
3. identify the pollutant transport mechanisms, 
4. set reasonable receiving water quality goals and the level of treatment 

required to meet them, and  
5. evaluate feasible BMPs in terms of their effectiveness, economic feasibility, 

and site suitability. 
 
Ideally, a monitoring program should be established to assess the success of the BMP or 

BMPs in reducing NPS pollution.   

Nonpoint source pollution is defined as "any pollutant whose specified point of 

generation cannot be traced to any discrete, identifiable facility and whose exact point of 

entry into a watercourse cannot be defined" (Cox, 1979).  Runoff and percolation from 

rangelands, pastures, croplands, and animal feeding operations are sources of agricultural 

NPS pollution.  In 1989, the EPA Administrator announced that NPS pollution, 

principally agricultural NPS pollution, was responsible for up to 65 percent of the stream 

pollution in the United States (EPA, 1997).  Nonpoint source pollution continued to be 

responsible for 60 percent of stream pollution in 1997 with pathogens, sediment, 

nutrients, and pesticides as the primary agricultural NPS pollutants (EPA, 1997). 

The James River extends for 547 kilometers across Virginia (James River 

Association, 2001) and is one of 48 rivers that drain to the Chesapeake Bay (Chesapeake 

Bay Program, 2000).  The Susquehanna, Potomac, Rappahannock, York, and James 

Rivers together provide nearly 90 percent of the freshwater to the Chesapeake Bay 

(Chesapeake Bay Program, 2000).  Almost one-third of Virginia’s residents, 2,522,583 

people in the year 2000, live within the James watershed (Chesapeake Bay Program, 

2000).  In 1994, 7200 farms operated in the basin (Mostaghimi et al., 1995).   

The James River receives the highest nutrient input of any river in Virginia, 

causing environmental damage to both the James and to the Chesapeake Bay (James 

River Association, 2001).  Nitrogen (N), phosphorus (P), and sediment are identified as 

major pollutants in the bay that can be mainly attributed to agricultural sources (Yagow et 

al., 2001).  Estimates from the year 2000 indicate that 19.9 percent of delivered nitrogen 
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to the Chesapeake Bay, 34.8 percent of delivered phosphorus, and 45.2 percent of 

delivered sediment originate from agriculture in the James River watershed (Chesapeake 

Bay Program, 2000).  Of all the sources of phosphorus and sediment, agriculture is the 

greatest contributor.   

In Virginia, the Division of Soil and Water Conservation (DSWC) of the 

Department of Conservation and Recreation (DCR) is charged with the responsibility of 

administering state agricultural NPS pollution and BMP programs (DCR, 2002).  The 

DSWC has no regulatory authority; therefore landowner and farm operator involvement 

in conservation and NPS programs are voluntary.  The Soil and Water Conservation 

Districts (SWCD), NRCS, and county Extension offices aid the DCR in delivering NPS 

pollution program elements such as education, technical assistance, demonstrations, 

critical source area identification, support of NPS pollution control research, and state 

and federal cost-share programs.  Cost-sharing is a program that allows landowners and 

farm operators to affordably implement BMPs designed to protect water quality using a 

combination of federal, state, local, and private funds.  In Virginia, the DCR is the agency 

that oversees NPS pollution and BMP cost-share programs.  Some cost-share practices 

are paid for on a per-acre basis while others supplement the one time cost up to 75 

percent, with a $50,000 limit per operation (DCR, 2001).  Funding availability varies by 

SWCD.  Areas identified by the state with the greatest need of water quality 

improvement receive the most state funding.  Best management practices and other 

conservation programs implemented may be eligible for a tax credit of 25 percent of the 

BMP expenses up to $17,500, or the total taxes paid.  Excess implementation expenses 

may be carried over for up to five years as a tax credit.  The goals of the Virginia 

Agricultural Best Management Practices Cost-Share Program are as follows (Virginia 

State Technical Advisory Committee, 2000): 

 
1. to encourage voluntary installation of agricultural BMPs and address 

Virginia’s nonpoint source pollution water quality objectives, 
2. to improve water quality in the state’s streams, rivers, and the Chesapeake 

Bay, and 
3. to prevent additional nonpoint source pollution and meet the criteria for 

Virginia’s compliance with Section 319 of the Clean Water Act. 
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The DCR, NRCS, and other government agencies administer design and 

maintenance guidelines for BMPs established in Virginia.  These design standards and 

guidelines help to ensure that the BMPs perform as intended.  However, they are only 

enforceable when cost-share funds or tax credits are applied.  A 1994 survey, An 

Assessment of Virginia’s Agricultural Best Management Practice Implementation 

Program in the Chesapeake Bay Basin (Mostaghimi et al., 1995), conducted in the James 

River Basin showed that of the 420 respondents, 83 percent implemented BMPs financed 

with their own funds while 17 percent implemented BMPs using cost-share assistance. 

Practices completed and maintained without the use of cost-share funds or tax credits are 

known as “voluntary” or “non cost-shared” and practices receiving financial assistance 

from federal, state, or local sources or used to claim tax credits are known as “cost-

shared.”  However, few data exist regarding the construction and maintenance of BMPs 

that are completed without cost-share assistance.  While the 1994 BMP survey results 

indicated a high level of non cost-share BMP adoption by farmers in the James River 

Basin, it did not assess the performance of either the cost-shared or non cost-shared 

BMPs in reducing pollutants.  The success of BMP and NPS pollution prevention 

programs has traditionally been measured in terms of the number of BMPs adopted rather 

than the success of the BMPs in improving water quality.   

 
1.1 Problem Statement 
 

A rapid, low-cost method for quantifying the quality of many agricultural BMPs 

has not been developed.  Additionally, the comparison of quality between cost-share and 

non cost-share BMPs has not been explored and quantified.   

 
1.2 Hypothesis 
 

BMPs adopted without cost-share assistance are of a lesser quality when 

compared to cost-share BMPs that must comply with a series of design, site selection, 

implementation, and maintenance standards.  
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1.3 Objectives 
 
1. Develop comprehensive, survey-like assessment tools that enable users to 

visually evaluate the quality (appropriate design, site selection, 
implementation, and maintenance) of selected agricultural BMPs. 

 
2. Using the tools developed under Objective 1, quantify and compare the quality 

of selected cost-share and non cost-share agricultural BMPs in Virginia’s 
James River Basin. 
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CHAPTER 2 -  LITERATURE REVIEW 

 
2.1 James River 
2.1.1 Location in Virginia 

The James River Basin contains the Maury River, Rivanna River, Appomattox 

River, Hampton Roads, Nansemond River and the Elizabeth River sub-basins 

(Mostaghimi et al., 1995).  The James River Basin extends from above the Maury River; 

between the Rivanna and the Maury Rivers; between the Rivanna River and the Fall 

Line, the imaginary line extending through the cities of Emporia, Petersburg, Richmond, 

Fredericksburg, and Washington, D.C. (Virginia Cooperative Extension, 1997); and 

between the Fall Line and Hampton Roads (Mostaghimi et al., 1995).  Figures 2.1 and 2.2 

illustrate the position of the James River Basin in Virginia.  The James River watershed is 

approximately 6,676,453 acres in size (Chesapeake Bay Program, 2002).               

 

 
Figure 2.1: Location of James River Basin in Virginia (Brannan, 2001) 

            

 6  



 

      
Figure 2.2: Close-up of James River Basin (Brannan, 2001). 

 
Total farmland in the James River Basin is 1,181,671 acres, with 61 percent of the 

farmland in crop production primarily hay, corn, soybean, and small grains (Mostaghimi 

et al., 1995).  Of the James River Basin farmers, 69 percent raise cattle for beef, 12 

percent raise horses, and 12 percent run either a dairy or poultry operation. 

Receiving the highest nitrogen loadings of any river in Virginia, the ecosystem 

health of the James River, as well as the Chesapeake Bay are in jeopardy (Chesapeake 

Bay Program, 2002).  As shown in table 2.1, agriculture is the leading source of nutrients 

to the Chesapeake Bay (Novotny and Olem, 1994).   

 
Table 2.1:  Nutrient loadings reaching the Chesapeake Bay from nonpoint sources (Novotny and 
Olem, 1994). 
Land Use Nitrogen Loading, % Phosphorus Loading, % 
Cropland 45-70 60-85 
Pasture 4-13 3-8 
   Agricultural Total 49-83 63-93 
Forest 9-30 4-8 
Urban 2-12 4-12 
   Forest and Urban Total 11-42 8-20 

 
2.1.2 Physiographic Provinces 

 
The Commonwealth of Virginia is divided into five geological areas known as 

physiographic provinces (Virginia Cooperative Extension, 1997).  Each province is 

distinct and its particular set of characteristics influence water flow, attenuation of water, 

and ground and surface water contamination.  Each physiographic province has unique 

soil, geological and geographical attributes.  Soil type and geology are important features 

 7  



to consider when determining appropriate BMPs to combat agricultural pollution.  The 

changing characteristics across the state pose significant challenges in assessing the 

appropriateness and quality of BMPs.  For example, consider two identically designed, 

implemented, and maintained animal waste storage lagoons in different physiographic 

provinces.  The first lagoon is sited in a province with a relatively high water table and 

soils susceptible to leaching, and therefore poses a higher environmental risk than the 

second lagoon located in an area with a greater distance to groundwater and soils not 

susceptible to leaching.  This is a major issue because leaching from animal waste storage 

lagoons is a potential threat to groundwater quality.  Another example involves the 

selection of appropriate plant species and planting dates for filter strips and cover crops 

across different physiographic provinces. 

The James crosses four physiographic provinces.  Figure 2.3 depicts the position 

of the physiographic provinces in Virginia.  Most westward is the Valley and Ridge 

province (Virginia Cooperative Extension, 1997).  Limestone, dolomite, shale, and 

sandstone dominate this region.  Some of the most productive aquifers in the state of 

Virginia are found in this province, especially in the lowlands.  The predominantly 

limestone formations of the Shenandoah Valley are largely responsible for the province’s 

high production aquifers.  Conversely, the sandstone and shale of the ridges and uplands 

produce little water.  The terrain of this province is primarily karst, with a high 

susceptibility to pollution.  In karst areas, groundwater recharge in the form of streams 

and surface runoff enters caves and sinkholes, bypassing soil infiltration that may 

assimilate pollutants. 

Moving eastward, the next province is the Blue Ridge, containing the highest 

elevations in the state (Virginia Cooperative Extension, 1997).  Granite, gneiss, and 

marble are the dominant rock types.  Thin soil and weathered rock overlying bedrock is 

characteristic of this steep terrain.  The eastern section of the Blue Ridge is mostly 

igneous and metamorphic rocks while the western Blue Ridge is comprised of 

sedimentary rock.  Rapid surface runoff allows for little groundwater recharge.  Water is 

held in joints, fractures, and faults in the hard rock formations.  Water quality is generally 

good in this province but groundwater extraction is limited to domestic wells and springs. 
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The Piedmont Plateau is the physiographic province that extends from the Fall 

Line west to the Blue Ridge Mountains (Virginia Cooperative Extension, 1997).  This is 

the largest province in the state, with mostly hard, crystalline igneous and metamorphic 

rocks and bedrock covered by saprolite.  In the western Piedmont, fractures and faults 

store the most water.  A diverse subsurface geology is present, creating large ranges in 

groundwater quality and well production.  

The Coastal Plain extends from the East Coast of Virginia inland about 185 

kilometers (Virginia Cooperative Extension, 1997).  Sand, gravel, clay and shell rock is 

mostly found in these unconsolidated deposits.  This province stores the most 

groundwater in the state, but also uses about one-half of the state’s groundwater 

resources.   

 

Figure 2.3: Virginia physiographic provinces (Bailey and Roberts, 
2001). 

 
2.2 Nonpoint Source Pollution 
2.2.1 Definition 
 Nonpoint source (NPS) pollution is defined legally as any pollution not 

originating from a statutory point source (Novotny and Olem, 1994).  A point source 

pollutant enters a receiving water body at a single identifiable point location or multiple 

identifiable point locations; a NPS pollutant has an unidentifiable point of entry into the 

water body.  Nonpoint source pollution can originate from urban settings, construction 

sites, and agricultural production.  The EPA has identified agriculture as a significant 

source of NPS pollution in the United States (EPA, 1997). Agricultural sources of NPS 

pollution are return flow from irrigation, agricultural runoff and infiltration, silvicultural 

runoff and infiltration, runoff from pastures, runoff from rangelands, and wet and dry 
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atmospheric deposition (Novotny and Olem, 1994).  Agricultural NPS pollution accounts

for 70 percent of impaired waters in the United States (EPA, 1999).  The EPA estimate

that 49 percent of lakes and 27 percent of estuarine square kilometers are classified as 

impaired due to agricultural nonpoint sources of pollution.  The number two priority of 

the U.S. Department of Agriculture (USDA) is NPS pollutio

 

s 

n control under the National 

Program

nd 

NPS 

ns associated with rainfall and 

owmelt runoff events (Novotny and Olem, 1994). 

2.2.2 

e 

rop 

eroutes precipitation, can help 

preven

n 

r 

iffer 

across the physiographic provinces, impacting comparable BMPs in different ways. 

 for Soil and Water Conservation (Gomez, 1995).  

Soil type, topography, prior and current moisture conditions, type of crop and 

cropping method, and animal production management determine the concentration a

volume of NPS pollution.  Water transports natural and human-induced pollutants.  

Unlike point source pollution, which is most severe in low-flow drought conditions, 

pollution is generally worst in the high-flow conditio

sn

 
Hydrologic Influences 
 
Hydrologic factors are significant in NPS pollution considerations.  The nature 

and amount of NPS pollution depends on many climatic variables, but precipitation is th

most important.  Soil detachment, disturbance, and loss are directly related to raind

size and velocity (Novotny and Olem, 1994).  Rainfall intensity also affects other 

hydrologic processes, such as infiltration and overland runoff rates.  Interception, the 

presence of vegetation or artificial surfaces that slows or r

t NPS pollution by diminishing soil disturbance.   

Surface retention is the fraction of water that is not intercepted but is stored in 

depressions on the land surface (Novotny and Olem, 1994).  Once in storage, water ca

evaporate, infiltrate, or if depression boundaries rupture the water can add to surface 

runoff and potentially contribute to NPS pollution.  Infiltration is the movement of wate

through the air-soil surface interface and into the soil profile.  Water that infiltrates the 

soil can be filtered by the soil particles on its way to groundwater, reducing the potential 

for NPS contamination.  Infiltrated water is no longer at risk for becoming surface runoff, 

but may become interflow and resurface later in the watershed.  Hydrologic factors d
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2.2.3 

transport, and delivery of the pollutants to water bodies where they 

make c

nt 

and 

ng from natural processes and half 

from h

c 

” of 

engen et 

ater.  

, 

fants.  The drinking water 

tandard for nitrate-nitrogen is 10 mg/L (Hay et al., 1998).   

Principal Pollutants 
 
There are four principal agricultural NPS pollutants—sediment, nutrients, 

pesticides, and organic matter.  Best management practices target these pollutants to 

reduce the generation, 

ause damage.   

Sediment, by volume, is the largest agricultural pollutant (Cox, 1979).  Sedime

discharged to receiving water bodies can smother bottom-dwelling organisms, hinder 

aquatic reproduction, reduce light penetration and therefore photosynthesis, transport 

mask other pollutants, and obstruct streams and lakes.  Four billion tons of sediment 

enters waterways each year with about half resulti

uman activity (Novotny and Olem, 1994). 

Nitrogen, phosphorus, and potassium are nutrients resulting from fertilizer, animal 

waste production, and surface runoff as represented in table 2.2.  Rapid growth of aquati

vegetation, ecological imbalances, and depressed dissolved oxygen levels are effects of 

nutrient NPS pollution on natural systems (Cox, 1979).  Eutrophication, the “death

water bodies, is caused by nitrogen and phosphorus loadings (EPA 1999).  While 

nitrogen is often the nutrient blamed for eutrophication, phosphorus losses that may not 

be agronomically significant can contribute substantially to eutrophication (Joh

al., 1989).  Oxygen depravation in water bodies is also caused by nitrogen and 

phosphorus, resulting in hypoxia and possible Pfiesteria piscicida blooms.  Nutrient 

loadings are also one of the leading causes of taste and odor problems of potable w

An excessive nitrogen level in drinking water supplies is a health hazard due to   

methemoglobinemia, also known as “blue baby syndrome.”   Methemoglobinemia is a 

condition where heightened nitrogen levels reduce the oxygen carrying capacity of blood

causing brain damage.  Methemoglobinemia can be fatal in in

s
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Table 2.2: Nu
Nutrient 

trient sources of agricultural nonpoint source pollution (EPA, 1999). 

ource Nit en Phos rus Potassium Secondary 
Nutrients 

M -
nutrients Salts Metals Org ics S rog pho icro an

Commercia
Fertilizer 
 

l   
X X X X X    

Legumes  
 

Irrigation   
Water 
 

X 

and Crop
Residue 

X X X X X    

 
Manure 
 

X X X X X X X X 

X X X X X X X 

 
Pesticides reaching water bodies can be toxic to both aquatic vegetation and fish.

Only about two to three percent of land applied pesticides reaches the intended target 

organism.  The remaining pesticide intercepts other organisms, degrades, or washes off 

(Novotny and Olem, 1994).  The fraction that is intercepted, degrades, or washes off 

depends on the specific pesticide.  Fish kills are often associated with pesticides reaching 

fish habitats, in which the pesticides cause lowered dissolved oxygen levels (EPA, 1999

Fat-soluble compounds found in

 

).  

 pesticides can be bioaccumulated and biomagnified in 

the foo h 

ent, 

nd 

an 

he 

ms 

d 

d chain—resulting in tumors, cancers, and immunodeficiency problems in bot

animal and human consumers.  

Organic matter from animal feces and crop debris can also reduce dissolved 

oxygen levels in water, and can cause taste, odor, color, and nutrient enrichment 

problems.  Pathogens in animal feces are also included in this category of agricultural 

NPS pollution.  In Virginia, pathogens are the second largest source of water impairm

behind only unionized ammonia (EPA, 1998).  Cryptosporidium parvum (C. parvum) a

Giardia lambia, also known as Giardia intestinalis, are protozoans that cause hum

diseases that are especially dangerous to the elderly, the very young, pregnant women, 

and people with suppressed immune systems (Center for Disease Control, 2001).  

Escherichia coli 0157:H7 (E. coli 0157:H7) is a bacterium that is also dangerous to t

elderly, the very young, pregnant women, and people with suppressed immune syste

(Center for Disease Control, 2001).   An E. coli infection can result in a serious an

sometimes fatal kidney complication known as hemolytic uremic syndrome.  These 
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pathogens are carried in feces that may be directly deposited into water bodies or 

deposited onto land and become part of overland flow reaching a receiving water body.  

Depending on the geographic region, pathogen sources may be predominantly from 

livestock, wildlife, or human sources.  Human source pathogen contamination is usually a 

r the lack of appropriate waste treatment. 

t Generation 

There are five classes of crop production activities that generate NPS pollution 

(Cox, 1

 

 natural vegetation,  
3.  commercial fertilizer and animal waste application,  

the 

 

on.  

e and groundwater reservoirs can be contaminated and then 

distribu

al 

re 

movement and the grazing of streambank vegetation can degrade streambanks, resulting 

result of failing septic systems o

 
2.2.4 Pollutan

 

979):   

1.  soil disturbance,  
2.  alteration of

4.  pesticide application, and  
5.  irrigation.   

 
Disturbed soil is more susceptible to wind and water erosion—releasing sediment and 

sediment-bound pollutants to water.  The second class of crop production activities is 

alteration of natural vegetation.  Plant roots hold topsoil down and increase infiltration 

that reduces erosion and runoff and associated NPS pollution while leaves and stalks 

reduce the impact of water droplets on the soil.  Commercial fertilizer, animal waste, and

pesticide applications to the land can contribute to runoff or drift from the target regi

Irrigation water from surfac

ted.  Irrigation can also lead to salinization and surface crusting and sealing, 

which reduces infiltration. 

As with crop production activities, there are also activities associated with anim

production that induce NPS pollution (Cox, 1979).  The first class of animal production 

activities is concentrated animal holdings for extended periods.  Concentrated animal 

feeding operations (CAFOs) can create situations where large volumes of fecal matter a

localized and then discharged en masse in times of high-flow runoff and snowmelt.  The 

second class is overgrazing.  The reduction of vegetation facilitates erosion.  The third 

animal production class is the concentration of animals on streambanks.  Animal 
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in increased sedimentation.  In addition, livestock defecating directly into the stream an

fecal matter running off into the stream

d 

 are also causes for concern due to nutrient and 

athogen loadings (Masters, 2002).   

A
2.3.1 

pt 

ther to create a whole management system specific for each 

farm’s 

he 

 is not 

 

nd 

e 

s to the atmosphere for additional cycling and atmospheric deposition (Logan, 

1990). 

p

 
2.3 gricultural Best Management Practices 

Functionality of Best Management Practices 
Agricultural BMPs are methods or systems of methods that are capable and 

practical means of preventing or reducing agricultural nonpoint sources of pollution to 

levels compatible with water quality standards and goals (Cox, 1979).  The BMP conce

was developed specifically for countering NPS pollution (Logan, 1990) and BMPs are 

designed to build upon each o

needs (EPA, 1999).   

Best management practices reduce NPS pollution in three fundamental ways 

(EPA, 1999).  The first is to reduce pollutant and carrier mass.  This can be achieved 

using source controls.  Source controls are the most efficient means of battling pollution 

because they eliminate the pollutant from the system and are the easiest to regulate.  T

EPA has the authority to ban pesticides under the Federal Insecticide, Fungicide, and 

Rodenticide Act, but in general banning the use of chemicals or certain practices

appropriate.  Source control can involve optimizing the timing, placement, and 

application procedures used for pesticides or fertilizers ensuring the least risk of runoff

(e.g., sidedress and split applications of nitrogen).  When a particular sediment-bou

pollutant is targeted, erosion control practices act to reduce the carrier mass of the 

targeted pollutant.  The greater the association of pollutant with soil or sediment, the 

more effective a soil erosion BMP will be (Logan, 1990).  Source controls are effectiv

for both surface and subsurface water protection, but practices integrating hydrologic 

modifications such as increased infiltration, like conservation tillage, may be a tradeoff 

between surface and groundwater protection (Logan, 1990).  Similarly, soil management 

BMPs that promote post-growing season denitrification may increase nitrous oxide 

emission

  

The second method of reducing NPS is to retard the transport or delivery of 

pollutants.  This is often accomplished with structural BMPs, such as animal waste 
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storage facilities or detention basins used often at construction sites.  Filter strips and 

grassed waterways are two vegetative examples.  These practices are most efficient in

modifying the transport and delivery of sediment-bound pollutants in surface runoff 

(Logan, 1990).  In general, these BMPs require long-term maintenance and can often

viewed as a substitute for changi

 

 be 

ng management practices that may reduce the total 

volume

r 

 the contaminants have already reached the water 

and ma have already caused damage. 

2.3.2 

t that is 

t 

duction goals and water quality standards need to 

be addressed before a BMP chosen.  

 of pollutants generated. 

The third method of reducing NPS pollution is to utilize biological, chemical, o

physical processes to remediate a contaminated water body.  This is the least efficient 

mode of NPS pollution control because

y 

 
Selecting a Best Management Practice 
 
No single ideal management practice for controlling a certain pollutan

appropriate for all situations exists (EPA, 1999).  Best management practice 

appropriateness is highly site specific.  The relationships shown in table 2.3, only serve as 

an initial guide for evaluating which BMP may be appropriate to remedy a NPS pollution 

problem.  A BMP system should be based on the topography, soil characteristics, climate, 

and crop or livestock raised.  The type, source, and transport mechanisms of the pollutan

need to be considered and pollution re
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Table 2.3: Agricultural best management practices and NPS pollutants (EPA, 1999). 
Best Management Practice Pollutants Controlled Pollutant Source 

Cover crops 
 

TP, Pparticulate, TN, sediment 
 

Cropland (dry and irrigated) 

Fencing 
TP, Pparticulate, orthophosphate, 
TN, TKN, Norganic, ammonia, 

sediment 

Confined animals, pasture, 
rangeland 

Riparian forest buffers 
TP, Pparticulate, TN, TKN, Norganic, 

nitrate, ammonia, sediment, fecal 
coliform 

Confined animals, dry 
cropland 

Grass filter strips 
TP, Pparticulate, TN, TKN, Norganic, 

nitrate, ammonia, sediment, fecal 
coliform 

Confined animals, cropland 
(dry and irrigated), forest, 

pasture, rangelands 

Streambank stabilization 
TP, Pparticulate, TKN, ammonia, 

sediment 
 

Streambanks 

Critical area planting 
TP, Pparticulate, TN, TKN, Norganic, 

ammonia, sediment, fecal 
coliform 

Dry cropland, pasture, 
rangeland 

Waste management system 
TP, Pparticulate, Porganic, TN, TKN, 

Norganic, nitrate, ammonia, 
sediments, fecal coliform 

Confined animals 

Trough/tank 
 Sediment Confined animals, pasture, 

rangeland 

 
To be successful in reducing NPS pollution, BMPs must meet three criteria 

(Watson et al., 1994).  First, they must be economically and socially beneficial in order 

for implementation to occur on any kind of broad basis.  The economic situation of the 

farmers and their ability and willingness to implement and maintain the practices is an 

important aspect, as well as the experience of the BMP system designers.  Next, BMPs 

must be easily adaptable and adoptable.  However, even if financed with ample funds, it 

is imperative that simultaneous implementation of overall management changes occur as 

well.  The third, and perhaps most important aspect of success, is that the practices must 

be environmentally effective.  Otherwise, even with compulsory implementation, water 

quality standards will not be met.  The credibility of state BMP programs depends not 

only on compliance, but also effectiveness in meeting goals and standards (Vowell, 

2001). 
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2.3.3 Best Management Practice Standards and Guidelines 
 
The Natural Resource Conservation Service (NRCS) and the Virginia Department 

of Conservation and Recreation (DCR) develop standards and guidelines for design, site 

selection, implementation, and maintenance of BMPs.  The BMP standards and 

guidelines set by the NRCS are created to provide technical assistance and detail the 

minimum requirement for acceptable application of current technology at a national level 

(NRCS, 2003).  Each state determines what NRCS standards are applicable in their state 

with state offices having the option to add additional details.  Periodically the NRCS 

reviews and revises their conservation (BMP) standards.  Drafts up for revision are 

available online at the Federal Register Review for public review and comment (US 

Government Printing Office, 2003).   

The BMP standards set by the DCR incorporate the state-revised NRCS standards 

plus criteria determined by the DCR to be important.  The Virginia Agricultural BMP 

Advisory Committee reviews and revises the Virginia BMP standards.  The advisory 

committee consists of DCR, SWCD, Department of Environmental Quality (DEQ), 

Virginia Cooperative Extension (VCE), Chesapeake Bay Local Assistance Department 

(CBLAD), and Virginia Department of Agriculture and Consumer Services (VDACS) 

personnel (DCR, 2003).    

 
2.4 Cost-share 

The BMP approach is consistent with the historically traditional non-compulsory 

approach to resource management, but distinctly contrasts with the regulatory structure of 

point source controls (Gomez, 1995).  It is felt on many levels that the traditional 

approach has failed to produce significant NPS reductions (Logan, 1990).  There is 

uncertainty in the consistency and quality of conservation plans, monitoring, and 

enforcement of conservation compliance policies at the local level (Gomez, 1995).  A 

consequence of less strict site requirements to make cost-sharing available to more farms 

is reduced pollution control (Logan, 1990).    

Conversely, a voluntary system of best management practice adoption has many 

benefits over a mandatory program (Logan, 1990).  The voluntary approach appeals to 

the typical, highly independent farm operators that do not want to be told what they 
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should do with privately owned land.  This approach allows for flexibility in site-specific 

characteristics, the farmer’s ability to adopt and maintain the practice, and there is no 

enforcement and associated costs required.  A compulsory program would pass the 

capital and maintenance costs onto the farm operators, who have no mechanism for 

internalizing differential expenses for pollution abatement as industries do (Logan, 1990).  

There are also direct onsite benefits to the farmers who implement BMPs.  Best 

management practices can improve long-term soil productivity and reduce operation 

costs in fertilizers, pesticides, and fuels (Johengen et al., 1989).  Best management 

practices lead to maximum economic yields (MEY), which in turn lead to environmental 

and economic sustainability (Kincheloe, 1994).   

Demographic data from the 1994 survey, An Assessment of Virginia’s 

Agricultural Best Management Practice Implementation Program in the Chesapeake Bay 

Basin, indicated that adoption of voluntary BMPs is mostly affected by farm income, the 

existence of a conservation plan, farmer’s age, and a general concern about water quality 

and pollution problems (Mostaghimi et al., 1995).  Encouraging farm conservation plans 

and membership in farm organizations could increase BMP adoption levels in the James 

River Basin through increasing exposure of farm operators to new ideas and an 

increasing awareness of water quality issues (Mostaghimi et al., 1995). 

 
2.5 Assessing Best Management Practices 
2.5.1 Definitions  

The terms performance, effectiveness, and efficiency are often used 

interchangeably, but have distinct meanings.  For this study, the following definitions 

have been adapted from urban stormwater BMPs (Strecker et al., 2001): 

 
Effectiveness: a measure of the potential of a BMP or system of BMPs to 

meet water quality improvement goals under ideal conditions,  
Efficiency: a measure of how well a BMP or a system of BMPs reduces or 

removes carrier mass and pollutant concentrations, reduces and 
eliminates pollutant delivery, or remediates water bodies given 
real world conditions, and     

Performance: the combination of effectiveness and efficiency that quantifies 
a practice or system of practices’ capacity to reduce pollutant 
risks given the maximum reduction potential and site-specific 
characteristics. 
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2.5.2 Challenges to Assessing BMP Performance  

 
It is very difficult to estimate the performance of BMPs.  The effectiveness of 

individual practices constituting a system is not additive (EPA, 1999).  Determining 

performance on a wide scale basis is further complicated by inconsistent study methods, 

lack of design information, and reporting protocols (Strecker et al., 2001).   The spatial 

and temporal discontinuities of sediment yields and loads from site specific systems 

require BMPs to be assessed over a long period using complex monitoring programs 

(Gomez, 1995).  For example, the pre and post-implementation evaluation of a BMP 

designed to prevent nitrogen contamination of water is complicated due to the 

interconnections between surface and ground water, the natural variability in soil, air, and 

water processes that affect movement and attenuation of nitrogen, natural sources of 

nitrogen in the environment, lag time between BMP implementation and its effects, and 

variability in atmospheric nitrogen loadings (Shukla and Mostaghimi, 1998).   

The following sections outline different methods used currently to assess BMP 

performance, and then the visual assessment method that is developed in this research.   

 
2.5.3 Monitoring 

 
Differences in monitoring strategies and data analysis can contribute significantly 

to the ability to accurately determine performance, effectiveness, and efficiency of BMPs 

(Strecker et al., 2001).  Different sample collection techniques (grab, composite), water 

quality analyses, data reporting of site characteristics, efficiency estimation approaches, 

and varying statistical validations all influence the calculated effectiveness when using a 

water quality monitoring system.   

The monitoring scale, system, type, and sampling method influence the 

monitoring results.  Assessments made using plots of land, defined by artificial 

boundaries, are the smallest scale that is normally monitored in the field.  Field scale 

monitoring may utilize both natural and artificial boundaries.  Natural hydrologic borders 

determine watershed bounds for a scale of that magnitude.  On an even larger scale, 

monitoring can occur on the basin level, which is made up of several watersheds. 
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The design of the monitoring system is critical (Dillaha, 2001).  There are four 

basic designs to consider.  The first is to hold one region as a control and a similar one as 

the variable in which the BMPs are implemented.  Differences between the two regions 

are compared.  The second and third systems are designed to monitor upstream and 

downstream of a pollutant source or before and after BMP implementation to ascertain 

the water quality improvements achieved by implementing the BMP.  Finally, monitoring 

at one point can expose water quality variability over time. 

The type of monitoring test also influences the outcome (Dillaha, 2001).  Natural 

rainfall can be used.  The authenticity and lower costs make this option attractive.  

However, the data collection is dependent on meteorology out of the researcher’s control.  

Rainfall will not be uniform over a project area and precipitation volumes may be 

statistically insignificant.  Artificial rainfall simulators are expensive, but controllable.  

However, very large projects are not possible with this option.   

Sampling techniques can be grouped into three types (Dillaha, 2001).  The first is 

composite sampling, where samples are collected over time but mixed together to 

produce on representative sample.  This is relatively inexpensive.  Discrete sampling 

provides a record of constituent concentrations over time.  Discrete sampling requires 

many sample collections and is expensive but offers the most detail.  Samples 

continuously collected from a matrix may be formed into a composite that may be 

analyzed to track many different parameters, such as pH, temperature, and dissolved 

oxygen.   

 
2.5.4 Bioassessment 

 
A different approach for evaluating BMPs is the bioassessment methodology 

known as the stream condition index (SCI).  This method has been used in determining 

the effects of forestry BMPs (Vowell, 2001).  The SCI takes into consideration the 

transient nature of nonpoint source pollution that is reliant on random storm events.  

Traditional water chemistry data can only indicate the short-term variable conditions 

present at the time the sample was taken whereas bioassessment provides a holistic view 

by using resident aquatic biota as a continuous natural monitor of water and habitat 

quality, as well as overall ecosystem health.  Vegetation, invertebrates, and vertebrates 
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integrate pollutant stressors over time and can provide a larger picture of the impact of 

best management practices on the target area. 

 
2.5.5 Visual Quality Assessment 

 
This study attempts to determine the quality of agricultural BMPs.  Quality, as is 

defined here, envelops the components of design, site selection, implementation, and 

maintenance.  Quality, as used in this context, has the potential to be used as a surrogate 

for BMP performance.  Other studies relying on a visual assessment to quantify the 

quality of agricultural BMPs in this manner have not been published.  Most assessment 

programs depend on water quality monitoring or simply the number of practices 

implemented as a means to determine the performance, efficiency, or effectiveness of 

BMPs. 

The literature associated with several other disciplines was examined to find 

instances where visual assessments rather than some type of physical measurement were 

used to judge a product, practice, or procedure.  The food industry has the most examples 

of visual assessments that are most similar to the procedures developed for this study.  

Historically, the meat packing industry used visual assessments to grade meats.  Trained 

meat graders visually assessed meats based on color and fat marbling (Creek et al., 1979).  

However, the meat grading system has moved away from relying on a visual assessment 

alone, to utilizing the measurement of the specific gravity and the tenth rib to using tissue 

samples and spectrophotometric readings (Creek et al., 1979).  Wine, milk, fruits, and 

vegetables are other examples in the food industries that once utilized visual assessments 

but have begun using more technologically quantitative assessment methods such as real-

time ultrasound and color assessment detection methods. 

The self-diagnostic tools Stream-a-Syst (Andrews and Townsend, 2001) and 

Farm-a-Syst (Virginia Cooperative Extension, 1997) were also studied as models of 

visual assessment tools.  Home and farm owners use these tools to identify possible 

pollution problems and resources to resolve the problems.  The Virginia Dairy Producer’s 

Environmental Management Checklist (Jones, 2001) and a Guide to Pasture Condition 

Scoring (Cosgrove et al., 1996) were also used as models of visual assessments.  

However, these tools do not quantify the degree of pollution or the extent of the response 
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required to remediate the problem.  They only examine the potential for pollution 

problems to exist.   
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CHAPTER 3 -  MATERIALS AND METHODS 
 

This chapter discusses the process used to choose best management practices 

(BMPs) for tool development.  Section 3.2 concentrates on the procedure used to develop 

the assessment tools and the scoring methodology.  Site visit and assessment procedures 

are examined in section 3.3.  The chapter concludes with the experimental design and 

statistical analyses used to determine if differences in quality exist between cost-share 

and non cost-share BMPs. 

  
3.1 Best Management Practices Selected for Assessment Tool Development 

Assessment tools were developed for 16 different BMPs, as found in table 3.1.  The 

Department of Conservation and Recreation (DCR), the funding agency for this research, 

originally provided a list of 21 practices that they wanted assessed.  One practice on the 

original list, waste storage for poultry facilities, was eliminated in light of the 2001 avian 

influenza outbreak across the state.  Two other practices, nutrient management plans and 

farm conservation plans, were considered out of the scope of this project and also 

removed from the list of practices.  Grass filter strips with wildlife considerations and 

wooded buffers with wildlife considerations were also eliminated from the original list of 

BMPs.  The standards for the wildlife-specific practices were so similar to the regular 

practices, grass filter strips and wooded buffers, it was determined that assessment tools 

would be developed for only the regular practices.  If desired, these tools could be 

applied to the wildlife option practices. 
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Table 3.1: Best management practices assessed. 
Best Management Practice DCR Practice Number* 

Alternative water systems  SL-6B 

Animal waste storage facilities  WP-4 

Grass filter strips  WQ-1 

Grazing land protection systems SL-6 

Late winter split application of nitrogen on small grain  NM-4 

Loafing lot management systems  WP-4B 

Permanent vegetative cover on critical areas  SL-11 

Permanent vegetative cover on erodible crop land  SL-1 

Protective cover for specialty crops SL-8 

Reforestation of erodible crop and pasture land  FR-1 

Sidedress application of nitrogen on corn  NM-3 

Small grain cover crops—nutrient management SL-8B 

Small grain cover crops—fertilized and harvested ----- 

Stream fencing  WP-2 

Streambank stabilization  WP-2A 

Wooded buffer/filter areas  FR-3 

* Department of Conservation and Recreation, 2001. 
 
3.2 Tool Development 
3.2.1 Research Team and Expert Group 

Best management practice assessment tools were developed through an iterative 

process that solicited input from researchers, and public and private sector professionals 

involved BMP design, installation, and assessment.  The research team consisted of Dr. 

Brian Benham, Extension specialist and professor; Dr. Saied Mostaghimi, professor; and 

Kevin Brannan, a research associate all in the Department of Biological Systems 

Engineering.  Janelle Cunningham, graduate research assistant in the Department of 

Biological Systems Engineering, served as the chief researcher for the tool development 

process and entire project.  Additional members of the research team included Dr. Eric 

Smith, professor, and Penelope Pooler, a doctoral student, in the Department of Statistics 

who assisted with experimental design and selection of the statistical analyses used.  A 

group of experts in the design, installation, and evaluation of agricultural BMP was 

brought together to review the assessment tools near the final stages of the iterative tool 

development process.  The expert group included DCR, Soil and Water Conservation 
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District (SWCD), United States Department of Agriculture (USDA), and Farm Bureau 

personnel.   

 
3.2.2 Assessment Tool Development 

 
As previously stated, the Natural Resource Conservation Service (NRCS) and the 

Virginia Department of Conservation and Recreation (DCR) develop standards and 

guidelines related to design, site selection, implementation, and maintenance of BMPs.  

Survey-like assessment tools were developed to quantify the quality of agricultural BMPs 

by assessing the degree to which BMPs adhere to the standards.  A BMP that fulfills all 

the standard’s requirements (i.e., it is designed, sited, implemented, and maintained 

properly) would be a high-quality BMP with the greatest chance of meeting its water 

quality improvement performance potential.   

Assessment tool development was an iterative process.  The assessment tools 

developed here are based on the Virginia DCR BMP cost-share and tax credit guidelines 

(Department of Conservation and Recreation, 2001) and Natural Resources Conservation 

Service (NRCS) BMP standards as referenced in the DCR guidelines (Natural Resources 

Conservation Service, 2001).  The guidelines and standards were collected for each BMP 

and sorted into design, site selection, implementation, and maintenance quality 

components.  The research team reviewed guidelines and standards falling under each 

component individually.  Those guidelines and standards that were determined to relate 

specifically to BMP performance, as it relates to improving water quality, were included 

in the tool.  Assessment questions designed to determine adherence to a relevant standard 

or guideline were formulated.  This initial stage of the tool development process is 

illustrated in figure 3.1.  For the most part, subsequent tool development iterations 

involved refining the tool’s “assessment questions.” 
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Figure 3.1: Initial stage of assessment tool development, selection and sorting of 
relevant standards and assessment question development. 
 

For a given standard to be translated into an assessment question, the research had 

to make a determination that the standard related directly to the quality of the BMP and 

its effects on water quality.  Some standards as set forth by the DCR and NRCS relate 

more to the minute details associated with administrative or methodological concerns, i.e. 

specifying the species and seeding rate required for vegetative practices.  The assessment 

tools do not include these factors but rather consider whether the vegetative stand 

provides the necessary functions.  The intent of the assessment tools is to examine the 

actual quality of the practice; therefore details not directly related to water quality were 

not retained.  The following example illustrates the BMP assessment tool development 

process.  The procedural justifications used to include or eliminate DCR and NRCS 

standards from the grass filter strip assessment tool are also discussed.  The DCR and 

NRCS standards that follow apply to grass filter strip BMPs (Department of Conservation 

and Recreation, 2001 and Natural Resource Conservation Service, 2003).  Standards 

relating only to the wildlife options were omitted from this practice.  Standards repeated 

in more than one source were omitted, and when standards contradicted each other, the 

more stringent standard was included in the listing.  The standards shown below have 

been sorted into the four components of quality; design, site selection, implementation, 

and maintenance; and each standard is followed by either DCR WQ-1, to show that the 

standard originated from the DCR stream protection standards, VA NRCS 393, to show 

that the standard originated from the Virginia NRCS standards, or NRCS 393, to show 
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that the standard originated from the national NRCS grass filter strip standards.  

Standards that were determined to not relate directly to BMP quality were sorted into the 

“other” category.     

 
Design: 
 
1. Soil loss rates must be computed for all application for use in establishing priority 

considerations (DCR WQ-1).   
 

2. Filter strips must be a minimum of 25 feet in width.  The maximum filter width 
eligible for cost-share payment and tax credit is 100 feet, except for wider 
segments of a contoured filter where the contour is typically 25 to 100 feet wide 
(DCR WQ-1). 

 
3. In crop fields with slopes of one to four percent and an erosion rate at or below 

the annual tolerance rate for the field’s soil, the minimum filter strip width shall 
be 15 feet.  In fields with erosion rates above soil loss tolerance and slopes are 
one to four percent, the minimum width shall be 20 feet when farming operations 
adjacent to the strip are parallel to the length of the strip or 25 feet when farming 
operations adjacent to the strip are not parallel to the length of the strip.  In fields 
with five percent or greater slopes, regardless of the erosion rate, the minimum 
strip width shall be 25 feet plus three feet for each one percent increase in field 
slope (VA NRCS 393). Filter strip size may be adjusted to a greater flow length to 
accommodate harvest and maintenance equipment (VA NRCS 393).   

 
4. For loafing lots, a filter strip of at least 100 feet in width should be established.  If 

a 100 foot filter strip cannot be installed, a sediment basin and diversion system 
should be installed to safely convey pollutants to an area better suited for a filter 
strip or sediment basin (VA NRCS 393).   

 
5. Select a seed mixture of permanent vegetation that satisfies the State minimum 

specifications and is appropriate for the time of planting (DCR WQ-1).   
 

6. Filter strip vegetation may be a small grain of other suitable annual with a plant 
spacing that does not exceed four inches (NRCS 393).   

 
7. To avoid damage to the filter strip, consider using vegetation that is somewhat 

tolerant to herbicides used in the upslope crop rotation (NRCS 393).   
 

8. Filter strips may be grass, shrubs, trees, or other perennial vegetation.  Grasses, 
trees, and shrubs should be selected from the Plant Establishment Guide of 
Virginia and planting dates, care, handling of the plant materials, soil 
amendments, and seed according to the guide as well  (VA NRCS 393): 
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tall fescue at 60 lb/acre pure live seed established in the Coastal Plain from 
February 1 through March 15 and September 1 through October 15; in the 
Southern Piedmont from February 15 to April 1 and August 15 through October 
1; or in the Mountain and Valley or Northern Piedmont from March 1 through 
April 15 and August 1 through September 15, or 
 
switchgrass (Blackwell or Kanlo cultivars) at 30 lb/acre pure live seed 
established in the Coastal Plain from April 15 through June 30; in the Southern 
Piedmont from May 1 through June 30; or in the Mountain and Valley or 
Northern Piedmont from May 1 through June 30, or for some wildlife 
considerations, 
 
native warm season grasses, choose one to five of the following grasses; 
Atlantic coastal panicgrass, big bluestem, little bluestem, Indiangrass, eastern 
gamagrass, switchgrass, deer tongue, or side-oat grama (from Blue Ridge 
westward), at four to five lb/acre pure live seed for one choice or one to three 
lb/acre pure live seed for mixes where the total does not exceed seven lb/acre 
pure live seed and established in the Coastal Plain from April 15 to July 1, in the 
Southern Piedmont from May 1 to July 1, and in the Mountain and Valley or 
Northern Piedmont from May 1 to July 1 (NRCS, 2001). 

 
Site Selection: 

 
1. Filters must be located within 100 feet of a live or intermittent waterway, open 

sinkhole, abandoned well or Chesapeake By Preservation Act Resource Protection 
Area as defined by local ordinance.  An intermittent waterway is considered as 
being, but not limited to, any channel or flood prone area where periodic water 
flow or storage id diverted by surface drainage.  Grass filter strips may be 
installed along intermittent waterways where judged appropriate and feasible by 
the local technical authority (DCR WQ-1). 

 
2. The filter strip should be located along the downslope edge of a field or disturbed 

area.  To the extent practical, it shall be placed on the approximate contour.  
Variation in placement on the contour should not exceed a 0.5 percent 
longitudinal (perpendicular to the flow length) gradient (VA NRCS 393). 

 
3. The drainage area above the filter strip shall have greater than one percent but less 

than ten percent slopes (VA NRCS 393). 
 

4. The ratio of the drainage area to the filter strip area shall be less than 70:1 in 
regions with RUSLE-R factor values 0-35; 60:1 in regions with RUSLE-R factor 
values 35-175, and 50:1 in regions with RUSLE-R factor values of more than 175 
(NRCS 393).   

 
5. The average annual sheet and rill erosion rate above the filter strip shall be less 

than ten tons per acre per year (VA NRCS 393).   
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6. Filter strips shall be strategically located to enhance connectivity of corridors and 

non-cultivated patches of vegetation within the watershed (VA NRCS 393).   
 

7. Filter strips should be strategically located to enhance aesthetics of the watershed 
(VA NRCS 393). 

 
8. Filter strips should be strategically located to reduce runoff, and increase 

infiltration and groundwater recharge throughout the watershed (VA NRCS 393).   
 

9. Filter strips should be considered to enhance the conservation of declining species 
of wildlife, including those that are threatened or endangered (VA NRCS 393). 

 
10. Filter strips should be considered to protect National Register listed or eligible 

(significant) archeological and traditional cultural properties from potential 
damaging contaminants (VA NRCS 393).   

 
Implementation: 
 
1. Grass filter strips shall be designed and installed to filter sheet flow, rather than 

concentrated flow.  If concentrated flow occurs, grading and shaping or the use of 
some other BMP or combination of BMPs may be required (DCR WQ-1). 

 
2. Care should be taken to ensure runoff flows perpendicularly across the filter strip 

in a uniform manner.  The filter width shall be measured in a direction 
perpendicular to the edge of the pollution source (VA NRCS 393). 

 
3. In cropland, a vegetative filter strip should be maintained on each side of the 

watercourse (DCR WQ-1). 
 

4. No-till planting is preferable.  If grading is necessary, conventional equipment can 
be used for preparing the seedbed, fertilizing, and maintenance (DCR WQ-1).   

 
5. Lime and fertilize according to soil results.  Filter strips can be limed and 

fertilized at the same time as adjacent fields or as needed (DCR WQ-1).   
 

6. Supplemental nutrients should be applied as needed to maintain the desired 
species composition and stand density of the filter strip (VA NRCS 393). 

 
7. The filter strip should be protected from livestock (DCR WQ-1).   

 
8. Grazing shall not be permitted in the filter strip (VA NRCS 393). 
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Maintenance: 
 

1. All trees, stumps, brush, rocks, and similar materials that may interfere with 
installing the filter strip should be removed.  The materials should be disposed of 
in a manner that will not degrade the quality of the environment or interfere with 
the proper functioning of the filter strip (DCR WQ-1). 

 
2. The filter strip should not be used as a roadway (DCR WQ-1).   

 
3. Avoid operations that leave tillage or wheel marks in the grass filter strip (DCR 

WQ-1). 
 

4. Woody stems should not be allowed to exceed two inches in diameter in the grass 
filter strip (DCR WQ-1). 

 
5. State listed noxious weeds will not be established in the filter strip and will be 

controlled if present (VA NRCS 393). 
 

6. Avoid damaging the filter area with herbicides (DCR WQ-1). 
 

7. Filter strip vegetative plantings should be harvested as appropriate to encourage 
dense growth, maintain an upright growth habit, and remove nutrients and other 
contaminants that are contained in the plant tissue (VA NRCS 393). 

 
8. The filter strip should be inspected after storm events and repair any gullies that 

have formed, remove unevenly deposited sediment accumulation that will disrupt 
sheet flow, reseed disturbed areas, and take other measures to prevent 
concentrated flow through the strip (NRCS 393).   

 
9. To maintain or restore the filter strip’s function, periodically regrade the filter 

strip area when sediment deposition at the filter strip-field interface jeopardizes its 
function and then reestablish the filter strip vegetation, if needed (VA NRCS 
393).   

 
Other: 
 
1. The vegetative cover must be maintained without additional cost-share or tax 

credit for a minimum life span of five years following the calendar year in which 
the cover was established.  Cost-share and tax credit must be refunded if the 
operator destroys the cover during this time.  This practice is subject to spot check 
by the District throughout the life of the practice (DCR WQ-1). 

 
2. State cost-share and tax credit will be provided only one time per filter strip, 

while that land is under the same ownership (DCR WQ-1).   
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3. Farmers may receive $175 per acre of filter strip 25 to 100 feet in width that are 
not receiving cost-share for this practice from any other source.  The tax credit 
rate is 25 percent of the total eligible cost not to exceed $17,500.00.  If a 
cooperator receives cost-share, only the percent of the total cost of the project that 
the cooperator contributed is used to determine the tax credit (DCR WQ-1).   

 
4. CREP cost-share rate is 25 percent of FSA approved cost (DCR WQ-1). 

 
5. Technical responsibility is assigned to NRCS due to the standards listed.  Any 

individual with appropriate NRCS job approval authority can allow authorization.  
All component practices used in the installation of this BMP must be entered into 
the NRCS reporting system and are subject to spot check procedures and any 
other quality control measures (DCR WQ-1). 

 
6. The filter strip may serve as a Zone 3 of a riparian forest buffer (VA NRCS 393). 

 

Design standard 1 was eliminated from the assessment tool.  This standard is in 

regard to the Soil and Water Conservation District (SWCD) priority area selection, which 

is out of the scope of this project.  Design standards 5, 6, and 7 were eliminated from the 

assessment tool, these standards are more general than standard 8.  The seeding dates and 

rates were eliminated found in standard 8 were eliminated, and the seed type retained as 

an informational question.  Standards 5, 6, 7, and 8 are very specific to the geographic 

location.  The intent of the standards, to ensure an adequate stand of vegetation exists to 

filter polluted runoff, are explored in more general terms than species types and seeding 

rate through the use of other questions.   

Site selection standards 6, 7, 9, and 10 were eliminated from the assessment tools.  

While important, these standards do not directly relate to water quality issues in a 

quantifiable way—aesthetical and wildlife habitat considerations are outside of the scope 

of this project.   

Implementation standard 4 was eliminated from the assessment tool; the research 

team judged that for this practice, the establishment method was not an important aspect 

of the BMP quality.   

Maintenance standard 5 was removed from the assessment tool.  Weeds are not a 

water quality aspect studied in this project. 
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Standards grouped in the “other” category were not included in the assessment 

tool.  These standards are not integral in quantifying practice quality from a water quality 

standpoint.    

The refined set of standards and guidelines for each BMP were presented to the 

research team and underwent several iterations to reach a final distillation.  During the 

iterative process, standards were examined to determine their potential role in BMP 

quality.  There were instances where, based upon the professional judgment of the 

research team, aspects of the BMPs not found directly in the standards were included in 

the tools if it was believed that a particular aspect substantially affected BMP quality.  A 

fifth component, informational, was created at this step to collect anecdotal data that may 

be used for statistical purposes or to support the quality component questions.  

 Each retained standard and guideline was transformed into question format.  

Multiple-choice or binary (yes/no) questions are more easily quantifiable than open-

ended questions.  Whenever possible, these formats were used.  A total of nine types of 

question/answer sets are used, as depicted in table 3.2, using examples from the grass 

filter strip assessment tool.  Questions were numbered using the following convention: 

“In” for informational questions, “Ds” for design questions, “Ss” for site selection 

questions, “Im” for implementation questions, and “Ma” for maintenance questions.  The 

number following the In, Ds, Ss, Im, and Ma indicate what number that question is within 

the quality component.   
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Table 3.2: Question-answer examples from the grass filter strip assessment tool. 
Question Type  Number Question Answer Choices 

Interview open-ended In3 
(Interview) What is your 
typical crop rotation? 
 

NA 

Interview multiple-
choice Ma1 (Interview) How often are 

plant tissues removed? 

A. Multiple times a year 
B. Annually 
C. Less frequently than annually 
D. Never 

Interview binary In6 

(Interview) Do you 
control undesirable 
species in the filter strip 
with herbicides or by any 
other method? 
 

A. Yes 
B. No 

Assessor chosen open-
ended In9 The slope of the drainage 

area (field) is:  

Assessor chosen 
multiple-choice In8 The filter strip is 

comprised of: 

A. Tall fescue  
B. Switchgrass – Blackwell 
C. Switchgrass – Kanlo 
D. Native Warm Season Grass – 
Atlantic Coastal Panicgrass 
E. Native Warm Season Grass – Big 
Bluestem 
F. Native Warm Season Grass – 
Little Bluestem 
G. Native Warm Season Grass – 
Indiangrass 
H. Native Warm Season Grass – 
Eastern Gamagrass 
I. Native Warm Season Grass – 
Deer Tongue 
J. Native Warm Season Grass – 
Side-oat Grama 
 

Assessor chosen binary Im1 

Is the filter strip free of 
trees, stumps, brush and 
rocks: 
 

A. Yes 
B. No 

Binary post data 
collection  Ds2 Is the field slope > 1% but 

< 10%? 
A. Yes 
B. No 

Multiple-choice post-
data collection Ds1 

Is the average width of 
the filter strip between the 
pollutant source area and 
the waterbody sufficient? 
 

A.  Yes  
B.  Slightly inadequate  
C.  Completely inadequate 

Interview multiple-
choice photograph 
selection* 

-- -- -- 

* Question type not applicable for this assessment tool. 
 
Multiple-choice answers were created to contain a target value, if a target value 

was specified by the DCR or NRCS standards.  The target value was given the highest 
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score possible.  Other answer choices were chosen to provide lower quality levels.  Three 

or five choices were used in order to best represent the possible values or ranges that 

would be expected on farms.  Questions requiring calculations to answer are placed in the 

informational section of the tool, with a corresponding scored binary (yes/no) or 

multiple-choice question that is answered post-data collection.  An example of two such 

questions in series is presented below: 

In9.  The slope of the drainage area (field) is: 
 
Ds2.  Is the field slope > 1% but < 10%? 

A. Yes   
B. No 

 
Some questions, which could not be answered by simple observation or 

measurement, were designated as interview questions.  The landowner, producer, farm 

manager, SWCD conservation specialist, county Extension agent, or any other person 

with local knowledge of the farm, BMP, and its upkeep, may answer interview questions.  

Other interview questions require information regarding the percent vegetative 

cover provided by the BMP at a particular point in time.  To address these questions, 

photographs representing differing levels of cover were utilized as multiple-choice 

answers.  Slides were obtained from the Crop, Soil, and Environmental Science (CSES) 

Department at Virginia Tech (G. Johnson, personal communication, Blacksburg, VA, 15 

July 2002).  For each answer choice, two photographs were provided, an overview and a 

close-up.  Each picture representing an answer choice was chosen based on the clarity of 

the photograph and the percent cover it represented.  Plant species was not considered, as 

many different species are representative of the vegetative cover crops used across the 

James River Basin.  Laser quality color printouts of the scanned slides were shown to 

producers who were instructed to choose the choice that best represented the field in 

terms of cover.  

The assessment tools were again presented to the research team, evaluated, and 

refined.  The final iterative processes are illustrated in figure 3.2.  Selected faculty 

members of Virginia Tech’s Biological Systems Engineering Department were asked for 

input on the tools, after which the tools were further refined.  Further revisions were 

accomplished after a meeting with the expert group, consisting of representatives from 
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local Soil and Water Conservation Districts (SWCD), Farm Bureau, United States 

Department of Agriculture (USDA), and others employed by the DCR that are BMP 

practitioners and helped develop the original Virginia BMP standards and guidelines.  

The meeting was held in October of 2001 and conducted by the DCR.  The meeting also 

involved two members of the research team, Janelle Cunningham and Dr. Brian Benham.   

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 3.2: Final leg of iterative tool development process. 
 
Complete copies of the original assessment tools can be found in Appendix A. 
 

3.2.3 Scoring 
 
 A scale of one to five was utilized as the scoring system for both the aggregate 

(final) score of the individual BMP, for each quality component score (design, site 

selection, implementation, and maintenance), and for each assessment question.  Five is 

designated as the highest score possible, indicating highest quality; and one as the lowest 

score possible, indicating lowest quality.  Zero was reserved as a placeholder for 

questions that did not apply for that particular BMP circumstance.  Informational 

questions were not scored and therefore were not factored into the final quality score 

determination.     
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 Binary questions were worded such that “yes” was the most desirable answer, 

receiving five points.  The “no” answers denote a less desirable response and receive one 

point.   

 Multiple-choice questions with five possible answer choices were scored 

consecutively—the most desirable answer receiving five points, the least desirable 

answer receiving one point, and the answers in between receiving points accordingly.  

Multiple-choice questions with three possible answer choices were scored such that the 

most desirable answer received five points, the middle answer received three points, and 

the least desirable answer received one point. 

 Answers to some questions can have an overwhelming effect on the overall 

quality of the BMP.  These questions were weighted to reflect their importance, as 

decided by the research team, during assessment tool development.  Weightings of one, 

two, or three were assigned to each question.  A question with a weight of one was 

essentially unweighted.  A question with a weight of two indicated that the response to 

the question was fairly important to the overall practice quality and a question with a 

weight of three indicated that the response to the question was very important to the 

overall practice quality.    An example of a question weighted three is:  

 
Ss1. (*3) Where is the filter strip located in respect to the runoff surface are? 

A.   Downslope (5) 
B.   Within (3) 
C.   Upslope (1) 

 

This question is from the grass filter strip assessment tool.  The location of the filter strip 

is of great importance to the overall quality—the filter strip can be designed, 

implemented, and maintained perfectly but if it is located upslope from the runoff area 

then the strip is not serving the intended function at all and is of low quality. 

 The total BMP score was calculated by summing all the points awarded, including 

weighted questions, dividing by a normalization factor.  The normalization factor is used 

to put every score on a five-point basis.  The normalization factor was determined by 

summing the total points possible for that BMP and dividing by five.  Component scores 

were calculated in similar fashion by summing the points awarded in that component, 
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dividing by the component normalization factor (sum the total points possible for that 

component and divide by five). 

After all the BMP assessments were conducted, the data for each tool was 

imported from the Microsoft Access-Pendragon Forms 3.2 database (see Chapter 3.2.5) 

into a Microsoft Excel spreadsheet.  Formulas were entered into cells to calculate the 

question scores using nested “if” statements for multiple-choice and binary answer 

choices.  Open-ended questions were examined on an individual basis to determine the 

question score.  Other open-ended questions related back to a multiple-choice or binary 

informational question; these questions were scored using nested if statements as well.  

Some open-ended questions required calculations based on data gathered in the 

informational component or required the use of tables to look up acceptable values.  This 

occurred in three tools; grass filter strips, late winter split of nitrogen on small grains, and 

sidedress application of nitrogen on corn (see Chapters 3.2.3.1-3.2.3.3). 

 
3.2.3.1 Grass Filter Strip Scoring 

 
Three questions in the grass filter strip assessment tool required additional 

calculations.  The first is a site selection question regarding annual soil loss: 

 
Ss3.  Does the drainage area have a soil loss of less than 10 tons/acre? 

A. Yes (5) 
B. No (1) 

 
This site selection question relates to data collected in four informational questions: 

In3.  (Interview) What is your typical crop rotation? 
 
In9.  The slope of the drainage area (field) is: 
 
In10. The filter strip area is: 

 
In11. The area serviced by the filter strip is: 

 
The Universal Soil Loss Equation (USLE) was used to estimate the soil loss 

(Weschmeier and Smith, 1965): 

A = RKLSCP 
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Where A is the soil loss per unit area, R is the rainfall and runoff factor, K is the soil 

erodibility factor, L is the slope-length factor, S is the slope-steepness factor, C is the 

cover and management factor, and P is the support practice factor (Weschmeier and 

Smith, 1965). 

County soil surveys were not available for all the counties in which the grass filter 

strip assessments took place.  In order to avoid statistical bias in the resulting quality 

scores, several simplifications were made.  R-factors were determined from a rainfall 

erosion index map based on the approximate geographic location of the farm on which 

the assessment took place (Wischmeier and Smith, 1965). The K-factor used was 0.3 for 

all soils, an approximate average from the available soil survey information for counties 

surrounding the counties in which the assessed filter strips were located (Wischmeier and 

Smith, 1965).  It was assumed that the area serviced by the filter strip, the drainage area, 

was square.  The square root of the value from In11 was taken and used to determine the 

USLE L factor.  The slope value from question In9 was used to determine the USLE S 

factor.  A C-factor of 0.003 was used for pasture lands (Texas A&M University, 2003).  

A C-factor of 0.3 for cultivated lands (Northern Arizona University, 2003).  The cropping 

factor was determined from the response to question In3.  The P factor was assumed to be 

one, indicating no terracing or other conservation practices above the filter strip.   

The potential soil loss in tons/acre was then calculated for each grass filter strip 

observed.  If the soil loss was less than ten tons/acre question Ss3 received five points, if 

the soil loss was greater than ten tons/acre question Ss3 received one point.  

The grass filter strip assessment tool had one design post-data collection question 

that related back to a site selection (Ss2) component questions and an informational 

(In12) question: 

 
Ds1.  (*2) Is the average width of the filter strip between the pollutant source area      

and the waterbody sufficient? 
A.  Yes (5) 
B.  Slightly inadequate (3) 
C.  Completely inadequate (1) 
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Ss2.  Is the ratio of the drainage area to the filter strip area shall be less than 70:1 
in regions with RUSLE-R factor values 0-35, 60:1 for values 35-175 and 
50:1 for values of more than 175?  

A. Yes (5) 
B. No (1) 

 
In12. The average filter strip width is: 
 

The width of a filter strip is based on a ratio of the area draining to the filter strip and 

RUSLE (Revised Universal Soil Loss Equation) R-factors.  The standards require that 

ratio of the drainage area to the filter strip area shall be less than 70:1 in regions with 

RUSLE-R factor values 0-35, 60:1 for values 35-175 and 50:1 for values of more than 

175 (Natural Resource Conservation Service, 2003). 

R-factors were determined from a rainfall erosion index map based on the 

approximate geographic location of the county in which the assessment took place 

(Wischmeier and Smith, 1965).  The ratio was calculated for each assessed grass filter 

strip and compared to the average width recorded in question In12. 

A width was considered to be adequate if it complied with the standard and 

received five points; slightly inadequate if it was between 75 and 100 percent of the 

required width and received three points; and completely inadequate if it was less than 50 

percent of the required width and received one point.   

 
3.2.3.2 Late Winter Split of Nitrogen on Small Grains Scoring 
 

Two questions in the late winter split of nitrogen on small grains assessment tool 

required additional calculations; both were design questions: 

 
Ds1.  (Interview) How much nitrogen did you apply in the February application?  

(5) 
 
Ds2.  (Interview) How much nitrogen did you apply in the March application? (5) 

 
The total amount of nitrogen from the two applications was calculated for each practice 

assessed and compared to the DCR standard found in the Virginia Nutrient Management 

Standards and Criteria handbook, 120 lb/acre (Department of Conservation and 

Recreation, 1995).  The two questions were combined in the scoring process resulting in 

one five-point question.  If the total amount from the February and March application 
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exceeded the standard of less than 120 pounds of nitrogen, one point was awarded; if the 

total amount did not exceed the standard, five points were awarded.   

 
3.2.3.3 Sidedress Application of Nitrogen on Corn Scoring 

 

One implementation question in the sidedress application of nitrogen on corn 

assessment tool required a comparison between the answer and table: 

 
Im4.  (Interview) How much total nitrogen do you apply?  

 
The answer was compared to table 3 in the Virginia Nutrient Management Standards and 

Criteria handbook (Department of Conservation and Recreation, 1995).  If the total 

amount of nitrogen applied was equal to or less than the value from table 3, five points 

were awarded for the implementation question.  If the amount of nitrogen applied 

exceeded the recommended value, one point was awarded. 

 
3.2.4 Summary of Assessment Tools  
 

Table 3.3 summarizes the number of assessment tools developed for this project, 

and the original number of assessment questions per quality component; design, site 

selection, implementation, and maintenance; as well as the overall number of scored 

questions used to quantify the practice quality. 
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Table 3.3: Summary of number of assessment questions per assessment tool. 
Best Management 
Practice Number of Assessment Questions per Quality Component 

 Design Site Selection Implementation Maintenance Overall 
Alternative water 
systems 
 

3 2 6 1 12 

 
Stream fencing 
 

3 1 3 2 9 

Streambank 
stabilization 
 

8 0 3 1 12 

 
Grass filter strips 
 

2 3 3 6 14 

 
Wooded buffers 
 

5 2 3 2 12 

Permanent vegetative 
cover on critical areas 
 

0 1 4 2 6 

Permanent vegetative 
cover on cropland 
 

0 2 4 2 8 

Reforestation of 
erodible crop and 
pasture lands 

0 1 3 1 5 

Animal waste storage 
facilities 
 

6 5 9 13 33 

Grazing land 
protection systems 
 

0 0 3 2 5 

Loafing lot 
management systems 
 

12 2 4 5 23 

Late winter split 
application of nitrogen 
on small grains 

2 0 2 0 4 

Protective cover for 
specialty crops 
 

1 0 5 1 7 

Sidedress application 
of nitrogen on corn 
 

0 0 4 0 4 

Small grain cover 
crops—fertilized and 
harvested 

0 1 1 1 3 

Small grain cover 
crops—nutrient 
management 

0 1 1 1 3 
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3.2.5 PDA and Software 
 
To automate the assessment process, a Personal Digital Assistant (PDA) was 

employed for data collection.  Paper copies of each tool were kept as a back-up, but 

primary tool use was through the PDA.  The PDA eliminates the need for data 

transcription associated with using paper copies.  The Handspring Visor Edge (fig 3.3) 

was chosen for this project.   The Palm operating system was used. 

 

 

 

 
 

 

 

 
Figure 3.3: PDA and laptop. 

 
Several questionnaire design/form creation software packages designed for use on 

PDAs were evaluated.  The first, Cybertracker, is a freeware program developed in South 

Africa for use by illiterate indigenous wildlife trackers.  The computer programming and 

data structure required to use Cybertracker for this application was outside the scope of 

this project.  ArcPad, produced by Environmental Systems Research Institute (ESRI) 

was also evaluated.  The computer programming needs were again outside the scope of 

this project; additionally the software was not compatible with the Handspring PDA.  

Finally, Pendragon Forms 3.2, developed by Pendragon Software, was selected.  

Pendragon Forms uses a drop-down menu type interface and Microsoft Access database 

format to store collected data.   

Pendragon Forms 3.2 was first installed on a computer.  Pendragon Forms 

Manager is started as well as the FORMS32K Database window.  In the Forms Manager, 

“new” was selected and the Form Designer window opened.  All assessment tool 

questions were entered in this window.  The type of answer field was chosen from a 

drop-down menu.  Freeform text fields were used for open-ended text or numerical-text 

combination responses.  Numeric fields were used for open-ended questions where the 
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answer was simply a number, and responses were recorded using the number pad on the 

screen.  Yes or no fields were used for the binary questions, with the yes and no options 

appearing at the bottom of the PDA question screen, as opposed to appearing in a menu.  

Figure 3.4 is a screen shot of the software in to edit a binary question in the alternative 

water systems assessment tool.  Finally, popup lists were used for multiple-choice 

questions.  Under Advanced Properties, the field name was changed to represent the 

question number using the In, Ds, Ss, Im, Ma naming convention described earlier.  

Finally, the form was frozen so that no changes can be made to the form after it was 

uploaded to the PDA.   

 

 
Figure 3.4: Screen shot of Pendragon Forms 3.2. 

 

The program and forms were then transferred to the Handspring in a simple 

HotSync operation (data synchronization process between the host computer and the 

PDA).  Data collected using the PDA was transferred from the Handspring to the PC in a 

subsequent HotSync operation.  Pendragon automatically entered the records into a 

Microsoft Access database during a HotSync operation.  Each record was shown as a row 

and the questions as columns with the column heading the same as the field name as 
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indicated in Advanced Properties.  The Access database was exported as a Microsoft 

Excel spreadsheet for processing and analysis. 

To use Pendragon Forms on the Handspring, the Forms 3.2 icon under the 

program manager was selected using the stylus.  A list of the forms (assessment tools) 

was presented in a menu.   Each question appears on the PDA screen in consecutive 

order, and answers were entered using the stylus.   

 
3.3 Experimental Design 
3.3.1 Indicator Best Management Practice Categories 

An indicator BMP concept was used to identify potential practices to be randomly 

selected for assessment for this project.  An indicator BMP by definition is a BMP whose 

presence indicates the likely existence of other BMPs—for instance stream fencing 

would indicate alternative water systems for livestock or streambank stabilization.   In 

this example, the three practices—stream fencing, alternative water systems, and 

streambank stabilization form the indicator BMP category stream protection.  The 

indicator BMP concept is illustrated in figure 3.5.   

 

 

 

 

 

 

 

 

 

 

 
Figure 3.5: Stream protection indicator BMP diagram. 

 

Five indicator BMP categories were identified for this project based on the 

practices that assessment tools were developed for.  The 16 BMPs assessed as part of this 

project fell under the indicator BMPs as presented in table 3.4. 
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Table 3.4: Individual BMP by indicator BMP category. 
Indicator BMP Category 

Stream Protection Filter/Buffer Strips Permanent 
Vegetative Cover 

Hay/Pasture 
Management Cover Crops 

Alternative water 
systems Grass filter strips 

Permanent 
vegetative cover 

on cropland 

Animal waste 
storage facilities 

Late winter split 
application of 

nitrogen on small 
grains 

Stream fencing Wooded buffers 
Permanent 

vegetative cover 
on critical areas 

Grazing land 
protection systems 

Protective 
vegetative cover 

for specialty crops 
 

Streambank 
stabilization 

 
 Reforestation of 

erodible cropland 

Loafing lot 
management 

systems 

Sidedress 
application of 

nitrogen on corn 
 

 
 
 

   

Small grain cover 
crops—fertilized 

and harvested 
 

 
 
 

   
Small grain cover 
crops—nutrient 

management 
 

 
 

Relational diagrams illustrate the complex and interrelated nature of best management 

practices and systems of BMPs (figs 3.6 through 3.8).  More than one indicator BMP may 

suggest the presence of a particular BMP, showing the interconnectedness of practices 

and systems.  Relational diagrams for the permanent vegetative cover and cover crops 

indicator BMP categories were not included, as there was not any interconnectedness 

within those categories.  It is also worth noting that BMPs as systems of practices, rather 

than singular practices, are most effective at improving water quality, though it is 

difficult to assess such complex situations.  Quality is not necessarily additive over an 

entire BMP system. 
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Figure 3.6: Filter and buffer strips relational diagram. 

 
Figure 3.7: Hayland and pasture management relational diagram. 

 

 
 

Figure 3.8: Stream protection and fencing relational diagram. 
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3.3.2 Sample Size Determination 
 
 To determine the number of observations needed for statistical analyses, a 

statistical power test was performed.  A power test estimates the sample size required to 

produce a predefined level of confidence in the conclusions drawn from a statistical 

analysis.  With a five-point integer scale, it is assumed that a change in quality of one unit 

is significant.  The power analysis was conducted using a two-sample t-test, with an alpha 

value of 0.05.  An alpha value of 0.05 is the conventional value used to detect statistically 

significant differences (E. Smith, personal communication, Blacksburg, VA, 20 July 

2002).  The power test indicated 15 observations of each indicator and cost-share 

combination were needed for the BMP assessment: fifteen observations times ten 

combinations equals 150 total observations.   

 
3.3.3 Selection and Randomization of Farms 
 
 Responses from the 1994 survey, An Assessment of Virginia’s Agricultural Best 

Management Practice Implementation Program in the Chesapeake Bay Basin, were 

evaluated to obtain potential participants for this study (Mostaghimi, et al., 1995).  Data 

were presented by county, and then by BMP.  For each county in the James River Basin, 

site ID numbers were copied into a Microsoft Excel sheet and the corresponding indicator 

BMP.  The ID numbers were then sorted by indicator BMP and numbered one through n.  

The statistical computing software Statistical Analysis Software (SAS) was utilized to 

randomize the sites for each of the five indicator BMPs, both cost-shared and non cost-

shared (SAS, release 8.2, 2001).  The SAS code used for the randomization processes can 

be found in Appendix B.  The first 15 sites, plus the next ten sites as an initial set of 

backup farms in each category, were selected and matched against a hard copy of survey 

information containing the landowner names and addresses.  Each site was given a new 

site ID number based on the county, indicator BMP, cost-share status (cost-shared or not 

cost-shared), and an additional identifying number and placed in the random selection 

process.   

The sites were resorted by county and lists sent to county Extension agents and 

Soil and Water Conservation District (SWCD) conservation specialists for verification of 

the continued ownership of the property, the presence of the BMPs, and updated contact 
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information.  Any farms that were no longer in existence or where the farm had been sold 

or practices discontinued were removed from the study.  Extension agents and SWCD 

personnel were then asked to verify operations further down the randomized list and any 

still in business replaced those that were not.  This process continued until either enough 

sites were verified for each indicator BMP or the original list was exhausted.  In order to 

fill in the gaps when the requisite 15 sites for each indicator BMP and cost-share non 

cost-share combination were not met in the random selection process, SWCD 

conservation specialists were asked for suggestions of farms in their districts that have 

those particular BMPs to visit.   

Letters were mailed to the selected farmers in late November and early December 

2002.  The intent of the letter was to inform them of the research project, notify them that 

they would be contacted by telephone to arrange a site visit, and to ensure them that all 

information collected for the research would be kept confidential.  A copy of this letter 

can be found in Appendix C. 

 
3.4 Site Visits 
3.4.1 Scheduling 

Conservation specialists and technicians from local SWCDs and Virginia 

Cooperative Extension county offices were contacted and asked to assist in the actual site 

visits.  For the sake of scheduling, each district or county was given a block of time, 

whose length depended on the number of farms selected in the area and the conservation 

specialists or technicians scheduled individual appointments for their block.   

 A local SWCD or extension agent accompanied the chief researched to each farm.  

At the farm, the landowner or farm manager was located and the project reviewed with 

them.  An informational sheet, which can be found in Appendix C, was left at each visit.  

The type of operation (dairy, beef, row crop, etc) was determined and the BMP 

assessments began.   

 
3.4.2 Field Measurements 

 
Land slope measurements necessary for some selected questions on some 

assessment tools, were made using Suunto clinometer and range pole.  The range pole 

was marked at the clinometer user’s eye level and placed at the top of the slope.  The 
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clinometer user stood at the base of the slope and sighted up to the mark on the range 

pole.  The slope in percent was then read off the clinometer scale.  For distance 

measurements, a Road Runner Distance Measure Model RR-318 was utilized and 

measurements made in feet.  Slope and distance measurements were necessary for some 

BMP tool questions.   Figures 3.9 and 3.10 depict the equipment used.   

 

 
Figure 3.9: Range pole and measuring wheel. 

 

 
Figure 3.10: Suunto clinometer. 

 
Digital pictures of assessed BMPs were taken using a Kodak CX4230 camera.  To assist 

in the identification of grasses used commonly in pasture, cover crops, and filter strips 
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grass identification sheets were created.  Images from two resources were utilized 

(Brown, 1979 and Ball, 2002). 

 
3.5 Statistical Analysis 
3.5.1 Statistical Independence 
3.5.1.1 Indicator Best Management Practice Analyses  

Observations of individual BMPs were considered independent if they occurred 

on independent farming operations or fell under different indicator BMP categories 

within an independent farming operation.  An independent farming operation was defined 

for this project as a farm owned or rented by different farmers or, if operations were held 

by a single individual or family if the operations were managed by different farm 

managers.   To resolve independence issues while retaining a maximum number of 

observations, non-independent observations within the same indicator BMP category and 

cost-share status group were averaged over the farm to create a single aggregate score for 

that indicator BMP category on that particular farm, as depicted in figure 3.11.  In figure 

3.11, assessments were performed for a cost-share stream fencing practice as well as a 

cost-share alternative water systems practice.  Both practices fall under the stream 

protection indicator BMP category.  The quality scores for the two practices are averaged 

to create one cost-share stream protection quality score for Farm X. 

 

 

 

 

 

 

 

 

 
 
Figure 3.11: Independence control example, same cost-
share status group. 

       

The presence of both cost-shared and non cost-shared observations at the same 

farm is a violation of the rule of independence; data from only one cost-share status 
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group per farm is allowed.  To rectify this, when both cost-share and non cost-share 

observations were made for the same farm, one of the aggregate scores was eliminated 

from the analysis either randomly or systematically, as illustrated in figure 3.12.  In 

figure 3.12, a cost-share stream fencing practice was assessed, as well as a non cost-share 

alternative water practice.  In this example, to comply with the rules of independence the 

non cost-share practice score was eliminated.  In this case, the cost-share stream 

protection score for Farm X is equal only to the quality score of the cost-shared stream 

fencing practice.   

 

 

 

 

 

 

 

 
Figure 3.12: Independence control example, different cost-
share status groups. 

 
Observations removed systematically were done in order to preserve the 

minimum number of observations required, 15 for each indicator BMP category and cost-

share status group for indicator BMP category analyses. 

 
3.5.1.2 Individual Best Management Practice Analyses 
 
 The same rules of independence applied for individual BMP statistical analyses.  

Only one observation per practice and cost-share status group was allowed for each farm. 

If more than one observation was made for the same practice and cost-share status group 

at an independent farm the scores were averaged to form an aggregate score.  Averaging 

non-independent observations in the individual BMP data sets was consistent with the 

processes used for the indicator BMP analyses. In the judgment of the research team, 

averaging the individual BMP quality scores did not unduly mask BMP quality score 

variability.     
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If observations were made within both the cost-share and non cost-share status 

group, for an individual practice on a farm, the quality scores from one of the cost-share 

status groups was eliminated from the data set.  When possible, observations were 

deleted randomly.  Otherwise observations were deleted systematically in order to 

preserve the minimum number of observations required, 15 for each individual practice 

and cost-share status group, for statistical analyses. 

 
3.5.2 Weighting 

 
Three weighting schemes, unweighted, original weighting, and revised weighting 

were used in scoring the assessment tools.  For the unweighted scheme, all questions are 

weighted equally; the weight was equal to one.  For the original weighting scheme, 

questions were weighted based on the collective judgment of the research team as to their 

respective importance to BMP quality.  The weighting factors used were whole numbers 

and ranged from one to three.  The question score, an integer between one and five, was 

multiplied by the weighting factor.  The original weighting scheme was used in the 

original assessment tools applied in the James River Basin assessments.  The original 

tools can be found in Appendix A.  The revised weighting scheme uses the same 

weighting factors as the original weighting scheme (one to three), plus a weight of zero, 

which was used to essentially remove questions from the assessment tool; depending on 

the importance of that question in determining quality of the practice based on field 

experiences after all BMP assessments were completed.  The revision process is 

discussed in Chapter 4.1.  Revised tools can be found in Appendix D. 

A two-way analysis of variance (ANOVA) procedure was used to determine if the 

weighting scheme affected the overall quality and quality component scores.  A two-way 

ANOVA was used because two factors were examined for effects on BMP quality: 

weighting scheme and cost-share status (Ott and Longnecker, 2001).  The alpha value 

used was 0.05.  The statistical computing software Statistical Analysis Software was 

utilized for the analyses (SAS, release 8.2, 2001).  The null hypothesis was that the 

quality of the non cost-share practices would equal the quality of the cost-share practices 

for each weighting scheme.  The dataset was imported into SAS from a Microsoft Excel 

database and the analysis run using a macro.  The SAS command “slice” was utilized.   
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Slicing allows for a subset of the data to be examined for differences—such as, is there a 

statistically significant difference in BMP quality among cost-shared and non cost-shared 

BMPs for each of the three weighting schemes.  The interaction of weight and cost-share 

status was sliced by the cost-share status in each of the analyses.  The analysis was 

performed for the overall quality score as well as the quality component scores.   

Analysis on the effect of weighting was done first, to evaluate which weighting 

scheme would be used for all other statistical analyses.  The SAS code used for these 

analyses can be found in Appendix B. 

 
3.5.3 Cost-share versus Non cost-share 

 
A power test with a 95 percent confidence interval indicated that a sample size of 

15 or more observations were required for each cost-share status and indicator BMP 

category or individual BMP combination.  In some cases sample sizes of 14 were 

accepted for an individual BMP and cost-share status group combination for statistical 

analyses, though this decreases the statistical confidence for those results. 

Statistical analyses of indicator BMP categories (stream protection, filter/buffer 

strips, permanent vegetative cover, hay/pasture, and cover crops) and individual BMPs 

with large enough sample sizes (alternative water systems, stream fencing, permanent 

vegetative cover for critical areas, and grazing land protection) for differences in quality 

between cost-share and non cost-share were accomplished using a one-way ANOVA 

procedure.  A one-way ANOVA was used because one factor, cost-share status, was 

examined for its effect on BMP quality (Ott and Longnecker, 2001).  An alpha value of 

0.05 was used.  The alpha value used was based on consultation with Dr. Eric Smith and 

Penelope Pooler, of the Virginia Tech Statistics Department and members of the research 

team (E. Smith, personal communication, Blacksburg, VA, 20 July 2002 and P. Pooler, 

personal communication, Blacksburg, VA, 10 May 2003).  An alpha value of 0.05 is the 

conventional value and is a conservative value appropriate for research of this type that 

may impact policy, and was used throughout the entire statistical analyses.  The null 

hypothesis was that the quality of the non cost-share practices would equal the quality of 

the cost-share practices.  The statistical computing software SAS was utilized for the 
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analyses (SAS, release 8.2, 2001).  The dataset was imported into SAS from a Microsoft 

Excel database and the analysis run using a macro.   

Additionally, the data were examined to determine if significant differences 

between BMP quality components (design, site selection, implementation, and 

maintenance) existed between cost-share and non cost-share groups within indicator 

BMP categories and individual BMPs.  These analyses were also done using a one-way 

ANOVA procedure and alpha value of 0.05 (SAS, version 8.2, 2001).  The null 

hypothesis was that the component qualities of the non cost-share practices would equal 

the component qualities of the cost-share practices.  The SAS code used for these 

analyses can be found in Appendix B. 

 
3.5.4 Practice Age 

 
Three levels of practice ages were used for applicable practices.  The age levels 

used were less than one year old, one to six years old, and greater than six years old.  

These levels were chosen after the assessments had taken place.  Practice age levels were 

based on data collected from informational questions in the assessment tools.  Practice 

age levels were determined in order to include as many observations as possible.  Some 

practices did not have age ranges in the assessment tool that were compatible with the 

three age levels chosen for this analysis.  This occurred when the age range from the 

assessment tool overlapped two of the age levels used in the statistical analysis.  For 

example, the streambank stabilization tool has practice age choices of A. less than one 

year old, B. one to two years old, C. three to four years old, and D. greater or equal than 

five years old.  Choice D overlaps the second (one to six years old) and third (greater than 

six years old) age levels used in this statistical analysis.  The data from practices where 

this occurred were omitted from statistical analyses examining the effect of practice age 

on BMP quality.  Some practices do not have applicable age ranges, such as cover crops 

that are planted each year, the data from these practices were also omitted from statistical 

analyses examining the effect of practice age on BMP quality.  The following practices 

had applicable age range data collected: alternative water systems, animal waste storage 

facilities, grazing land protection systems, loafing lot management systems, permanent 
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vegetative cover on critical areas, permanent vegetative cover on erodible cropland, 

reforestation of erodible crop and pastureland, stream fencing, and wooded buffers. 

Of all the practices with applicable age ranges, only stream fencing and grazing 

land protection systems had this statistical analysis performed.  These practices each had 

15 independent cost-share and 15 non cost-share observations.  Adequate sample sizes, 

15, and equal numbers of cost-share and non cost-share observations were required to 

achieve the appropriate power required for this analysis.   

A two-way ANOVA procedure was used to examine the effects of practice age on 

BMP quality.  A two-way ANOVA was used because two factors were examined for 

effects on BMP quality: practice age and cost-share status (Ott and Longnecker, 2001).  

The alpha value used was 0.05.  The null hypothesis was that the quality of the non cost-

share practices would equal the quality of the cost-share practices for each age level.  The 

statistical computing software SAS was utilized for the analyses (SAS, release 8.2, 2001).  

The dataset was imported into SAS from a Microsoft Excel database and the analysis run 

using a macro.  The SAS command “slice” was utilized.  Slicing allows for a subset of 

the data to be examined for differences—such as, for practices less than one year old, is 

there a difference in quality among cost-share and non cost-share practices.  In other 

words, does practice age affect the quality of cost-shared (or non cost-shared) practices?  

The interaction of cost-share status and practice age was sliced by the practice age in 

each of the analyses.  The analysis was performed for the overall quality score as well as 

the quality component scores.  The SAS code used for this analysis can be found in 

Appendix B. 

 
3.5.5 Farm Size 

 
Three levels of farm size were used to categorize the observed farms.  The levels 

were: small, medium, and large.  Farm sizes were determined in relation to each other, 

rather than from a specific acreage range.  Size was determined after the BMP 

assessments had occurred and were based on field notes and a sense of the farm based on 

the overall acreage, head of livestock, and number of BMPs (though not all were 

necessarily assessed).  
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A two-way ANOVA procedure was used to examine the effect of farm size on 

BMP quality over the entire data set, after independence had been controlled for. A more 

detailed analysis of individual BMPs or indicator BMP categories was not possible, due 

to the small sample sizes.  A two-way ANOVA was used because two factors were 

examined for effects on BMP quality: farm size and cost-share status (Ott and 

Longnecker, 2001).  The alpha value used was 0.05.  The null hypothesis was that the 

quality of the non cost-share practices would equal the quality of the cost-share practices 

for each farm size level.  The statistical computing software SAS was utilized for the 

analyses (SAS, release 8.2, 2001).  The dataset was imported into SAS from a Microsoft 

Excel database and the analysis run using a macro.  The SAS command “slice” was 

utilized.  Slicing allows for a subset of the data to be examined for differences—such as, 

for all farms considered large, is there a difference in quality among cost-share and non 

cost-share practices.  In other words, does farm size affect the quality of cost-shared (or 

non cost-shared) practices?  The interaction of cost-share status and farm size was sliced 

by the farm size in each of the analyses.  The analysis was performed for the overall 

quality score as well as the quality component scores.  The SAS code used for this 

analysis can be found in Appendix B. 

 
3.5.6 Soil and Water Conservation Districts 

 
Best management practice assessments were conducted in 13 SWCDs in the 

James River Basin.  Farm location was noted in the assessment, with respect to county.  

The county was then matched against a list of SWCDs and the counties they cover.  

Table 3.5 displays SWCDs visited by county and the percentage of county that is located 

within the James River Basin. 
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Table 3.5:  Soil and water conservation districts and counties in James River Basin 
(Mostaghimi, et al., 1995) 
Soil and Water Conservation District County Percentage of Land in James River Basin 

Charles City 100 
James City 77 Colonial 
New Kent 58 

 
Culpeper 
 

Greene 56 

Chesterfield 100  
James River 
 Prince George 35 

Goochland 96  
Monacan 
 Powhatan 100 

Alleghany 100 
Bath 100 Mountain 

Highland 66 
Botetourt 92  

Mountain Castles 
 Craig 85 

 
Natural Bridge 
 

Rockbridge 100 

Isle of Wight 57  
Peanut 
 Surry 43 

 
Peaks of Otter 
 

Bedford 11 

Buckingham 100  
Peter Francisco 
 Cumberland 100 

Amelia 100 
Nottoway 62 Piedmont 

Prince Edward 94 
Amherst 100  

Robert E. Lee 
 Appomattox 74 

Albermarle 98 
Fluvanna 100 Thomas Jefferson 
Nelson 100 

 

A two-way ANOVA procedure was used to examine the effects of SWCD on 

BMP quality over the entire data set, after independence had been controlled for.  A more 

detailed analysis of individual BMPs or indicator BMP categories was not possible, due 

to the small sample sizes.  A two-way ANOVA was used because two factors were 

examined for effects on BMP quality: SWCD and cost-share status (Ott and Longnecker, 

2001).  The alpha value used was 0.05.  The null hypothesis was that the quality of the 
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non cost-share practices would equal the quality of the cost-share practices for each 

SWCD.  The statistical computing software SAS was utilized for the analyses (SAS, 

release 8.2, 2001).  The dataset was read into SAS from a Microsoft Excel database and 

the analysis run using a macro.  The SAS command “slice” was utilized.  Slicing allows 

for a subset of the data to be examined for differences—such as, for practices in a given 

SWCD, is there a difference in quality among cost-share and non cost-share practice.  In 

other words, does location (which because of differences from one SWCD to another 

could be associated with degree and level of funding for selected practices) affect the 

quality of cost-shared (or non cost-shared) practices?  The interaction of cost-share status 

and district was sliced by the district in each of the analyses.  The analysis was performed 

for the overall quality score as well as the quality component scores.  The SAS code used 

for this analysis can be found in Appendix B.  
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CHAPTER 4 -  RESULTS AND DISCUSSION  
 

The objectives of this research were to develop a robust set of assessment tools to 

visually quantify the quality of agricultural best management practices (BMPs) and to test 

the tools and determine if differences in quality exist between cost-share and non cost-

share practices in the James River Basin.  This chapter focuses on the results of the 

assessments with respect to the two research objectives.  Section 4.1 relates to the first 

objective, while the remaining sections of this chapter relate to the quality scores of cost-

share and non cost-share practices. 

Assessments were conducted in thirteen Soil and Water Conservation Districts 

(SWCD) over a four-month period.  An exceptionally wet winter and spring extended the 

amount of time necessary for the entire assessment period.  Three hundred and five total 

practices, 155 cost-share practices and 150 non cost-share practices, were assessed in the 

James River basin over 128 independent farming operations. 

 
4.1 Assessment Tool Revisions 

Initial assessment tool development was an iterative process that took place over the 

course of six months.  Sixteen assessment tools were developed for the following BMPs: 

alternative water systems; stream fencing; streambank stabilization; grass filter strips; 

wooded buffers; permanent vegetative cover on critical areas; permanent vegetative cover 

on erodible cropland; reforestation of erodible crop and pasture land; animal waste 

storage facilities; grazing land protection systems; loafing lot management systems; late 

winter split application of nitrogen on small grains; protective cover on specialty crops; 

sidedress application of nitrogen on corn; small grain cover crops—fertilized and 

harvested; and small grain cover crops—nutrient management.  Complete copies of the 

original assessment tools can be found in Appendix A. 

The assessment tools were revised and refined after completing the BMP 

assessments in order to integrate a greater level of knowledge gained in the field and to 

incorporate field observations and to meet objective one: to develop a robust set of 

assessment tools to quantify BMP quality.  This section consists of descriptions of 

revisions made to each assessment tool and justifications for each change, and then an 
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updated summary of the number of questions per quality component for each of the 

revised assessment tools.   

Revisions included altering the weighting of certain questions, the deletion of 

selected questions, the addition of questions, and rephrasing of some questions and 

answer choices.  Changing the weight and deleting questions updated the tools to better 

reflect the actual elements that define BMP quality.   Rephrasing and rewording was done 

to make questions and answers clearer or more flexible for future assessments.  One 

question across the board was changed—each tool now has an open-ended informational 

question asking the age of the practice, rather than a multiple-choice answer list.  This 

change allows for easier post-data collection processing and greater ease in statistical 

analyses.  All revisions were made prior to quality score calculations.  The revised tools 

can be found in Appendix D.   

The revised tools were used to calculate revised weighting scores for the practices 

assessed.  This revised weighting scheme includes weight changes and question deletions 

to compute the revised scores.  Questions that were added in the revision process were 

not included in the revised scores; the data for those questions were not collected in the 

original assessment process. 

 
4.1.1 Alternative Water Systems Assessment Tool Revisions 

 
Three weighting revisions were made to the alternative watering systems tool, one 

in design and two in the implementation components.  Two site selection questions were 

added.  The revised questions are shown below, followed by justification and notes.   

 
Ds2. (*2) Are pastures evenly grazed (no spot or selective grazing)? 

A.  Yes (5) 
B.  No (1) 

 
This question was revised in order to increase the weight from one to two.  Pastures and 

paddocks that are not evenly grazed are indicative of poor management and may not be 

meeting other management goals, such as grazing land management.  Adequate 

vegetation is important, as bare soil creates erosion problems around the watering system 

and other high traffic areas.  The added weight of this question increases the importance 

of evenly grazed pastures in determining the quality of the alternative water system.   
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Im2.  (*2) Is the site well drained? 

A. Yes (5) 
B. No (1) 

 
This question was revised in order to increase the weight from one to two.  A well-

drained area around the waterer is important to prevent muck holes, which is especially a 

problem if the waterer is close to water body.  Increasing the weight increases the 

importance of having a well-drained site in order to achieve a practice of high quality. 

 
Im3.  (*2) Are areas adjacent to the drinking area graveled, paved, or otherwise 

treated to provide firm footing and reduce erosion? 
A. Yes (5) 
B. No (1) 

 
This question was revised in order to increase the weight from one to two.  Gravel or a 

cement apron around the waterer reduces muck holes and wallowing.  It was observed 

that concrete aprons reduce maintenance requirements, as gravel gets tracked out of the 

area or trampled into the soil and must be replenished periodically.  An increased weight 

emphasizes the need to reduce erosion around the watering trough.   

 
Ss3.  Is the watering system located more than 50 feet from water bodies? 

A.  Yes (5) 
B.   Not possible due to lay of the land/terrain (3) 
C.   No (1) 

 
This question was added to the revised alternative water systems tool.  Because livestock 

congregate and loiter at the trough, a waterer that is located directly adjacent to an 

exclusion fence is less effective at reducing the amount of fecal matter or sediment 

entering the water body when compared to a system located up slope away from the 

fence. While no DCR or NRCS standards dictate a setback distance for alternative water 

systems from water bodies or stream fences, a 50-foot setback for the revised tool was 

agreed upon by the research team.  It was hoped that a fifty-foot setback of the watering 

trough from the water body would provide sufficient distance for natural processes to 

degrade fecal matter.  
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Ss4.  Is the watering system located at the high point in the pasture? 

A.  Yes (5) 
B.  Not possible due to the lay of the land/terrain (3) 
C.  No (1) 

 
This question was added to the site selection component of the alternative water systems 

tool.  If the waterer is located in low points the system is more likely to experience poor 

drainage, wallowing damage, and eroding animal walkways to the waterer. 

 
4.1.2 Stream Fencing Assessment Tool Revisions 

 
Two weighting revisions were made to the stream fencing tool, one in design and 

one in the maintenance components.  An implementation and a maintenance question 

were added.  The revised questions are below, followed by justifications and notes.  

  
Ds1.  (*2) Distance from stream to barrier (fence) is: 

A. ≥ 25 feet (5) 
B. 11-24 feet (3) 
C.  < 10 feet (1) 

 
This question was revised to alter the weight—from one to two.  Many of the fences 

observed did not meet the recommended setback from the stream, which was found to be 

an important aspect in quality during the assessments.  An appropriate setback ensures 

that NPS pollutants such as sediment, nitrogen, phosphorus, and organic matter will be 

less likely to enter an adjacent water body, and the increased weight of this question 

reflects that. 

 
Ma2.  (*3) What evidence exists of worn or damaged fence? 

A. 0%: No wear or damage (5)  
B. <10%: Little wear or damage (leaning posts, sagging wires) (4) 

      C.  10-20%: Moderate wear or damage (a few broken posts, missing 
wires, or boards) (3) 

D.  >20%: Extensive wear or damage (several broken posts, missing 
wires, or boards) (2) 

E.  Gaps large enough for animals to fit through (1)  
 
This question was also increased in weight during the revision process, from two to three.  

Maintenance is often an overlooked aspect of this BMP.  Waiting until an animal has 
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breached the fence is not an appropriate method for fence inspections and is not a sign of 

good quality.   

 
Im4.  Are the fence lines free from signs of heavy traffic? 

A.  Yes (5) 
B.   No (1) 

 
This implementation question was added to the assessment tool.  Fence lines that are 

heavily trafficked by cattle are a signal that the cows may be seeking water, shade, or 

forage and that the fence may eventually be breached.  It is a sign of possible 

management problems. 

 
Ma3.  Are fence lines clear of vegetation or debris and well maintained? 

A. Yes (5) 
B.  No (1) 

 
This question was also added in the revision process.  Debris and excess vegetation may 

decrease the functionality of a fence.  A well-maintained fence will last longer. 

 
4.1.3 Streambank Stabilization Assessment Tool Revisions 

 
Four weighting revisions were made to the streambank stabilization tool, three in 

design and one in the maintenance components.  Two questions were added, one 

informational, which is not scored, and one in the implementation component.  The 

revised questions are below, followed by justifications and notes.  

 
Ds5.  (*2) Is the channel and toe of slope free of scouring? 

A. Yes (5) 
B. No (1) 

 
In the revised tool, this question is doubled in weight, from one to two.  Scouring is 

indicative of both design and implementation problems and will only cause future erosion 

and destabilization problems in the future, decreasing the quality of the practice with 

respect to water quality.   
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Ds6. Are hardened accesses and livestock crossings present? 
A. Animals not present (5) 
B. Yes (5) 
C. No (1) 

 
This question was discounted from double weight to a weight of one, as stream crossing 

and hardened access points were not observed as a routine practice.  Most streambank 

stabilization practices are expensive enough to warrant complete livestock exclusion, and 

therefore this standard did not have as important a role in practice quality as previously 

thought. 

 
Ds 8.  Is there a filter strip between the walkway and the waterway? 

A. Animals not present (5) 
B. Yes (5) 
C. No (1) 

 
This question was also discounted from double weight to a weight of one.  No animal 

walkways were present at any of the observed sites, and this standard did not have as 

important a role in practice quality as previously thought as well. 

 
Ma1.  (*2) Is the area free of planting failures, need for remulching, or reseeding? 

A. Yes (5) 
B. No (1) 

 
This question was doubled in weight, from one to two.  Vegetation is an important aspect 

of streambank stabilization quality, but is often neglected.  

 
In3. What measures are used for bank stabilization? 

 
This open-ended informational question was added in order to record how the bank is 

stabilized—structurally, with vegetation, or some combination of the two.   

 
Im4.  Are the measures implemented a long-term solution for streambank 

stabilization?  
A. Yes (5)  
B. No (1) 

 
This question was added to address the long-term solution.  The original quality 

assessment examined only if the existing measures were adequate for the current 
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problems and situations.  Some methods of streambank stabilization are more preferable 

for long-term erosion and bank control, such as the use of both structural and native 

vegetation as compared to wood planks, riprap, or vegetation alone.    

 
4.1.4 Grass Filter Strip Assessment Tool Revisions 
 
 Two revisions were made to this assessment tool, a reformatting of an 

informational question and a change in weighting of a maintenance question.   

 
In8.  The filter strip is comprised of: 

A. Tall fescue  
B. Switchgrass – Blackwell 
C. Switchgrass – Kanlo 
D. Native Warm Season Grass – Atlantic Coastal Panicgrass 
E. Native Warm Season Grass – Big Bluestem 
F. Native Warm Season Grass – Little Bluestem 
G. Native Warm Season Grass – Indiangrass 
H. Native Warm Season Grass – Eastern Gamagrass 
I. Native Warm Season Grass – Deer Tongue 
J. Native Warm Season Grass – Side-oat Grama 

 
This informational question was converted from a multiple-choice question to an open-

ended question in order to be more flexible. 

 
Ma3.  (*2) (Interview) How often is the filter strip repaired (regraded, reseeded, 

etc)? 
A. As needed (5) 
B. Greater than annually (3) 
C. Never (1) 

 
The weighting on this maintenance question was revised from a weighting of one to 

double weighting.  In the observed practices, this aspect was often overlooked even 

though it affects the quality and performance of the practice over time. 

 
4.1.5 Wooded Buffer Assessment Tool Revisions 

 
Weighting was reduced in two questions, a site selection question and an 

implementation question.  A maintenance question and design question were revised to 

be clearer and more flexible.  One implementation question was removed.  One 

implementation question was deleted and three questions added—an informational 
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question, an implementation question, and a maintenance question.  The revised 

questions are below with justifications and notes.  

 
Ss2. Buffer is adjacent to and up-gradient of: 

A.  Perennial streams (5) 
B.  Intermittent streams (5) 
C.  Lake/pond (5) 
D.  Wetlands (5) 
E.  Sinkholes (5) 
F.  Other (1) 

 
The weighting of this site selection question was discounted from double to a weight of 

one.  No observations fell under choice F, the only answer choice not rewarded five 

points, indicating that this standard was not as important in determining quality as 

previously thought.   

 
Im2.  Are livestock excluded? 

A. No animals present (5) 
B. Yes—animals present and excluded (5) 
C. No—animals present and not excluded (1) 

 
This implementation question was discounted from triple weight to a weight of one to 

reflect that fencing the area was a standard practice that most if not all farms did, such 

that the importance of this standard was not as large as thought during the assessment 

tool development stage. 

 
Ma1.  Is the buffer free from multiple dead trees or shrubs? 

A.  Yes (5) 
B.   No (1) 

 
This maintenance question was rephrased.  It originally inquired only about Zone Two, 

but the revised question inquires of the whole strip, which is less restrictive and more 

diagnostic. 

 
In3. Do you control both sides of the waterbody? 

A.  Yes  
B.  No 
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The unscored informational question above was originally part of a double weighted 

design question.  It was changed to an informational question, to learn if the farmer 

controls both sides of the waterbody and to avoid penalizing the farmer if he does not. 

 
Ds4.  If control both sides of the waterbody, is the buffer implemented on both 

sides? 
A. Yes (5) 
B. Don’t own both sides (5) 
C. No (1) 

 
This design question was discounted in weighting from two to one and the answers 

rephrased as to not penalize farmers for not implementing the buffer on both sides of the 

waterbody if they do not own both sides.   

 
Im2.  (Interview) Do you remove timber, fiber, nuts, fruit, and forbs in Zone 2? 

A.  Yes (5) 
B.  No (1) 

 
This implementation question was removed from the revised tool.  It was found that no 

one removes timber, fiber, nuts, fruit, or forbs and that it does not affect quality. 

 
In4.  Do you use the buffer area for flash grazing? 

A.  Yes 
B.  No 

 
This informational question was added, as flash grazing is allowed and a common 

practice. 

 
Im3.  Were tree shelters used? 

A.  No—pines planted (5) 
B.  Yes (5) 
C.  No (1) 

 
This implementation question was added, as the Conservation Reserve Program (CRP) 

also requires tree shelters.  Tree shelters provide young trees with protection against 

infestation, increasing the likelihood of a greater rate of tree survival.  Tree shelters are 

not required for pine trees. 
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Ma3. (*2) Were tree shelters effective protection? 
A.  Yes (5) 
B.  No—evidence of frost heave (3) 
C.  No—evidence of rodent infestation (1) 

 
This question was added to determine if the appropriate tree shelters were used and if the 

area was maintained appropriately.  It was doubly weighted to reflect the importance of 

appropriate maintenance in the early growth of wooded buffers to ensure an adequate tree 

survival rate. 

 
4.1.6 Permanent Vegetative Cover on Critical Areas Assessment Tool Revisions 
 
 Two implementation questions for this assessment tool were reweighted and one 

question was deleted from the tool.  The revised questions are followed by justification 

and notes. 

 
Im2.  Is the area protected from livestock grazing? 

A. No livestock present (5) 
B. Yes (5) 
C. No (1) 

 
The weighting on this question was discounted from double weight to a weight of one 

since exclusion is evident when the observation is made. If livestock are not excluded 

from the area the quality score will reflect this from other question responses. 

 
Im4.   (*2) Are additional erosion practices implemented? 

A. Not needed (5) 
B. Adequately (5) 
C. Inadequately (3) 
D. No (1) 

 
This question was revised to have double weighting instead of a weight of one.  This was 

done to emphasize the need for additional work to control erosion if the first practice did 

not succeed in bringing erosion under control.   

 
Im1. (Interview) What did the area look like before the average cover?  

A.  Picture A (5) 
B.  Picture B (3) 
C.  Picture C (1) 
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This question was deleted from the original tool.  Its inclusion was based on an inaccurate 

interpretation of a standard. 

 
4.1.7 Permanent Vegetative Cover on Erodible Cropland Assessment Tool Revisions 

 
No weighting changes, additions, or question revisions were made to this 

assessment tool.  One question was deleted. 

 
Ss2.  (Interview) What was the approximate cover on the land before you 

established permanent vegetative cover?  
A.  Picture A (5) 
B.  Picture B (3) 
C.  Picture C (1) 

 
This site selection question was deleted from the tool.  Practice standards indicated 

that existing cover before practice implementation should be 60 percent or less.  Every 

practice observed fell into this range.  Additionally, if cover was greater than 60 percent 

before permanent vegetation was established they should not be penalized for 

implementing this conservation practice. 

 
4.1.8 Reforestation of Erodible Crop and Pasture Land Assessment Tool Revisions 

 
The weighting of one implementation question was changed, one maintenance 

question was deleted, and one maintenance question was added in the revised assessment 

tool.  The revised questions are below, followed by field observations and notes.  

 
Im1.  (*2) (Interview) Were tree shelters used? 

A.  Yes (5) 
B.  No—pines planted (5) 
C.  No (1) 

 
This implementation question was reweighted to have double weight.  It was found that 

the use of tree shelters is integral in protecting against a stand failure, and therefore 

significant importance in determining the practice quality.  

 
Ma1.  (Interview) Was the area mowed or have herbicides been applied during the    

first three years of establishment? 
A.  Yes (5) 
B.   No (1) 
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This maintenance question was removed from the assessment tool because the practices 

observed were rarely maintained this way and SWCD personnel did not advocate this 

maintenance routine.  This factor did not seem to have a detectable effect on the quality 

of the practice.  

 
Ma1. (*2) Were tree shelters effective protection? 

A.  Yes (5) 
B.  No—evidence of frost heave (3) 
C.  No—evidence of rodent infestation (1) 

  
As with the wooded buffer assessment tool, this question was added to determine if tree 

shelters were used effectively.   

It is worth noting that some farmers believed that reforesting an area after timber 

harvest for future logging endeavors was considered to fall under this practice.  These 

practices were not assessed, as they did not meet basic practice requirements. 

 
4.1.9 Animal Waste Storage Facility Assessment Tool Revisions 
 
 Many revisions were made to this assessment tool based on experiences gained in 

the field.  Six maintenance questions were reweighted.  One informational and one 

implementation question were rephrased to make the intended meaning clearer.  The 

revised questions are followed with field observations and explanations. 

 
Im8.  (*2) Are embankments and disturbed areas around the storage facility free 

of erosion? 
A.  Yes (5) 
B.  No (1) 

 
This implementation question was doubled in weight to reflect the necessity of having 

structurally sound embankments in order to have a practice of high quality.   

 
Ma3.  (*2) Are storage facility inlets free of corrosion, plugging, or freezing 

damage? 
A. Yes (5) 
B.  No (1) 
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Ma4.  (*2) Are storage facility outlets and pumping platforms free of corrosion, 
plugging, freezing, or damage? 

A. Yes (5) 
B.  No (1) 

 
The two maintenance questions, Ma3 and Ma4, were each doubled in weight to 

emphasize these potential sources of leakage.  The doubling in weight shows the 

importance of these maintenance standards in the quality of the practice. 

 
Ma9.  (*2) Is the embankment free from growing trees/shrubs? 

A.  Yes (5) 
B.  No (1) 

 
This maintenance question was doubled in weight as well; embankments need to be free 

of vegetation as roots can potentially weaken the structural integrity of the embankment.  

This was observed as a common problem, and the increased weight indicates that it is an 

important aspect in quality. 

 
Ma12.  (*2) Is there adequate freeboard? 

A.  Yes (5)  
B.  No (1) 

 
This maintenance question was doubled in weight.  Many facilities were observed 

without adequate freeboard at the end of the winter.  Freeboard is essential to prevent 

overflows.  If an overflow situation existed, the practice would be of low quality. 

 
Ma13.  (*3) Is the waste storage facility free from evidence of leaking? 

A.  Yes (5) 
B.   No (1) 

 
This maintenance question was revised from having a weight of one to a weight of three.  

If leaking were to occur it would create an immediate water quality problem. 

 
In6.  Do you follow a nutrient management plan?  

A.  Yes 
B.  No 

 
Im6.  Are roofs guttered or located such that water is diverted from the facility?  

A.  Yes 
B.  No 
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These above information and implementation questions were rephrased slightly to 

make them clearer.   

 
4.1.10  Grazing Land Protection Systems Assessment Tool Revisions 

 
No weighting revisions were made to the grazing land protection systems tool.  

One informational question was replaced with three new more detailed informational 

questions.  Two informational questions were deleted and a maintenance question was 

deleted.  One implementation question was added to the revised grazing land protection 

system assessment tool. 

 
In7.  (Interview) How many acres in each paddock? 

Paddock 1: 
Paddock 2: 
Paddock 3: 
Paddock 4: 

 
In7a.  (Interview) What is the average area of the paddocks? 
 
In7b.  (Interview) What is the area of the smallest paddock? 
 
In7c.  (Interview) What is the area of the largest paddock? 

 
The informational question In7 was revised to allow for more detailed data to be 

collected when there are more than four paddocks being utilized for grazing.  The revised 

tool replaces In7 with three open-ended informational questions, In7a, In7b, and In7c. 

 
In8.  (Interview) On average, how long is each paddock grazed? 
 
In9.  (Interview) On average, how long is each paddock rested? 

 
Informational questions above, In8 and In9, were deleted from the tool, as it is very 

difficult to come up with an average length of grazing and rest times.  Under good 

management, the length of time a paddock is grazed depends on the weather, season, 

forage availability, and number of livestock in the system; grazing times cannot 

accurately be represented by an average length of time.   

 

 72  



Ma1.   (Interview) Do you have a plan for providing forage in the event of severe 
drought or flooding? 

A. Yes (5) 
B. No (1) 

 
The maintenance question above was removed from the tool based on the response from 

the farmers interviewed during BMP assessment.  Drought conditions in recent years 

have made plans for alternative sources of forage a necessity. 

 
Im4.  Are the fence lines free from signs of heavy traffic? 

A.  Yes (5) 
B.   No (1) 

 
This implementation question was added to determine if inadequate management might 

be causing the livestock to look to breach fences to attain water, shade, or forage. 

 
4.1.11 Loafing Lot Management Systems Assessment Tool Revisions 

 
One maintenance question, three design questions, and two implementation 

questions were rephrased to provide clearer meanings and to create more flexible answer 

choices that apply in a greater number of situations.   

 
Ma1.  (Interview) Do you scrape/flush the sacrifice area regularly?  

A.  Yes (5) 
B.  No (1) 

 
This maintenance question was rephrased in order to be more flexible and clear.  

Sacrifice areas are utilized only in wet weather.  Therefore the schedule of scraping or 

flushing depends on the weather and where the sacrifice area is located (an extra loafing 

lot, in a compacted barnyard, in the covered barn, etc), rather than a daily or weekly 

schedule.   

 
Ds2.  Is there a sacrifice area?  

A.  Yes (5) 
B.  No—in poor weather animals return to barn (5) 
C.  No (1) 
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This design question was rephrased.  It now reflects that many operations do not have a 

formal sacrifice area; in poor weather the cows go back to their stalls in the barn, rather 

than to an extra loafing lot.   

 
Ds9. If streams are adjacent to loafing and sacrifice areas are they fenced? 

A. Yes (5) 
B. Loafing and sacrifice areas not adjacent to streams (5) 
C. No (1) 

 
Ds10. If streams are adjacent to loafing and sacrifice areas, is there a buffer of at   

least 25 feet between the fence and the waterway? 
A. Yes (5) 
B. Loafing and sacrifice areas not adjacent to streams (5) 
C.  No (1) 

 
Design questions Ds9 and Ds10 were rephrased to reflect that not all loafing lots abut 

streams.   

 
Im2.  Are loafing and sacrifice areas free of evidence of critically eroding or 

sensitive areas that need protection? 
A. Yes (5) 
B. No (1) 

 
Im3.  Are roofs guttered or located such that water is diverted from loafing and 

sacrifice lots? 
A. Yes (5) 
B. Gutters not needed (5) 
C.  No (1) 

 
Implementation questions Im2 and Im3 were changed to have clearer phrasing, to be 

more flexible, and to be more diagnostic.  The original questions were more restrictive in 

the answer choices. 

 
4.1.12 Late Winter Split Application of Nitrogen on Small Grains Assessment Tool 

Revisions 
 
 No revisions were made to the late winter split of nitrogen on small grains 

assessment tool. 
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4.1.13 Protective Cover for Specialty Crops Assessment Tool Revisions 
 
No weighting changes were made to this assessment tool.  Two informational 

questions were revised to be clearer and one design question was deleted.  The revised 

questions can be found below, followed by justifications and notes.   

 
In7.  (Interview) Specialty crop is: 

A. Vegetables 
B. Tobacco 
C. Cotton 
D. Other 

 
This informational question originally focused on vegetables and tobacco alone.  Cotton 

was added as an answer choice during revisions to reflect the appropriate use of this 

practice for cotton production, especially in the eastern potion of the basin where cotton 

is a common crop. 

 
In6.  (Interview) What seed do you use for the cover crop? 

A.  Annual rye grass or Crimson clover with annual rye grass 
B.  Rye or Wheat 
C.  Barley or Winter oats or Small grain mixtures 
D.  Pearl millet or Sudangrass or Sorghum 
E.  Ladino clover with tall fescue or Orchard grass with ladino clover 

and red clover 
F.  Ladino clover with orchardgrass or Crimson clover with rye, 

barley, or oats 
G.  Orchard grass with ladino clover and annual lespedeza or Tall 

fescue with ladino clover and annual lespedeza or Tall fescue with 
ladino clover and red clover 

H.  Other 
 
Ds1.  (Interview) What seeding rate did you use for the cover crop?  

A.  >40 lb/acre 
B.  30-40 lb/acre 
C.  20-29 lb/acre 
D.  10-19 lb/acre 
E.  < 10 lb/acre 
F.  1-1.5 bu/acre 
G.  1.6-3 bu/acre 

 
In the original assessment tool, the informational question was very detailed.  The 

informational question and the design question were paired in the original tool.  
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Depending on the seed used for the cover a particular seeding rate was supposed to be 

used.  Field experience was used as a basis to eliminate the design question and to 

reformat the informational question from a multiple-choice to an open-ended question.  

The judgment of the research team was that if the vegetation is present in an adequate 

stand it does not matter the rate or the seed that was used to achieve it. 

 
4.1.14 Sidedress Application of Nitrogen on Corn Assessment Tool Revisions 

 
No revisions were made to this assessment tool. 

 
4.1.15 Small Grain Cover Crops—Fertilized and Harvested Assessment Tool Revisions 

 
No revisions were made to this assessment tool. 

 
4.1.16 Small Grain Cover Crops—Nutrient Management Assessment Tool Revisions 

 
No revisions were made to this assessment tool. 

 
4.1.17 Summary of Revised Assessment Tools 

 
Table 4.1 summarizes the number of assessment tools developed for this project, 

and the revised number of assessment questions per quality component; design, site 

selection, implementation, and maintenance; as well as the overall number of scored 

questions used to quantify the practice quality. 
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Table 4.1: Summary of number of assessment questions per revised assessment tool. 
Best Management 
Practice Number of Assessment Questions per Quality Component 

 Design Site Selection Implementation Maintenance Overall 
Alternative water 
systems 
 

3 4 6 1 14 

 
Stream fencing 
 

3 1 4 3 11 

Streambank 
stabilization 
 

8 0 4 1 13 

 
Grass filter strips 
 

2 3 3 6 14 

 
Wooded buffers 
 

5 2 3 3 13 

Permanent vegetative 
cover on critical areas 
 

0 1 3 2 5 

Permanent vegetative 
cover on cropland 
 

0 2 4 2 8 

Reforestation of 
erodible crop and 
pasture lands 

0 0 3 1 4 

Animal waste storage 
facilities 
 

6 5 9 13 33 

Grazing land 
protection systems 
 

0 0 4 2 6 

Loafing lot 
management systems 
 

12 2 4 5 23 

Late winter split 
application of nitrogen 
on small grains 

2 0 2 0 4 

Protective cover for 
specialty crops 
 

0 0 5 1 6 

Sidedress application 
of nitrogen on corn 
 

0 0 4 0 4 

Small grain cover 
crops—fertilized and 
harvested 

0 1 1 1 3 

Small grain cover 
crops—nutrient 
management 

0 1 1 1 3 
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4.2 Quality Scoring 
Quality scores were calculated for each of the quality components, design, site 

selection, implementation, and maintenance, as well as for the overall quality.  Potential 

quality scores ranged from one to five.  A quality score of one suggests the lowest 

possible quality detected by the assessment tools.  A quality score of five suggests that 

the BMP has met or exceeded all quality standards and requirements assessed by the 

tools.   

A BMP is deemed  “good quality” if it received a quality score between four to five 

(4.00 to 5.00).  Based on the assumption that BMPs are beneficial practices that improve 

water quality, it is further assumed that a BMP with a quality score of between four and 

five is more likely to be meeting its potential to improve water quality.  A BMP of 

“intermediate quality” received a quality score ranging of three up to four (scores of 3.00 

to 3.99).  Based on the same assumption as above, a BMP score falling into the 

intermediate range is believed to be improving water quality, but not to it’s fullest 

potential.  A BMP of “poor quality” received a quality score of less than three (scores of 

2.99 and less).  Again, based on the same assumption, BMPs with scores in the poor 

range are not likely to be improving water quality. 

   
4.3 Statistical Analyses 
4.3.1 General Analyses 

Statistical analyses were performed using the software package Statistical Analysis 

Software (SAS) and analysis of variance procedures (ANOVA) (SAS release 8.2, 2001).  

The null hypothesis was that the quality of the non cost-share practices would equal the 

quality of the cost-share practices.  An alpha value of 0.05 was used.  While the null 

hypothesis dictated that no differences in quality exist, if a statistically significant 

difference was indicated by a p-value of 0.05 or less, it was expected that the cost-share 

quality score would be greater than the non cost-share quality score.  This is because 

cost-share BMPs are subject to state design, site selection, implementation, and 

maintenance standards and spot-checks by state personnel while non cost-share BMPs are 

not obligated to follow any standards and are not subject to spot-checks of any kind.   
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4.3.2 Weighting Analysis 
The first statistical analysis performed was the weighting analysis.  This analysis was 

completed first to determine whether there was a statistically significant difference 

between the scoring schemes and to remove any bias that may exist between scoring 

schemes used for reporting.  The null hypothesis was that there would be no difference in 

quality among non cost-share and cost-share practices for each of the scoring schemes 

and between each of the scoring schemes.  A significant difference would suggest that the 

weighting schemes result in different quality scores for a practice. 

This analysis was run over the entire sampled population, with two classes, 

weighting scheme and cost-share status.  Three levels existed for the weight class, 

unweighted, weighted, and revised weighted.  Two levels existed for the cost-share 

status, cost-shared and non cost-shared.   The analysis was run for the overall quality as 

well as the individual quality components (design, site selection, implementation, and 

maintenance).   

The generalized linear model (GLM), an ANOVA process, was used to determine if 

an interaction exists between the weighting scheme and the cost-share status for quality 

score.  A p-value of 0.05 or less would suggest that an interaction between the two 

classes, weighting scheme and cost-share status exists.  The interaction effect was then 

sliced by the cost-share status to further determine if a significant difference exists.  

Table 4.2 displays the statistical data for the weighting analyses. 

 
Table 4.2: Weighting statistical analysis results. 
  p-value 

Quality Component Sample Size* Interaction† Slice by CS‡ Slice by NCS§ 
Design 212 0.909 0.917 0.970 
Site Selection 188 0.703 0.250 0.067 
Implementation 312 0.660 0.084 0.746 
Maintenance 219 0.082 0.073 0.140 
Overall 354 0.474 0.939 0.392 
* Variation in sample size due to variations in practice component availability and controlling for 
independence, † p-value for weighting scheme x cost-share status interaction alone, ‡ p-value for weighting 
scheme x cost-share status interaction effect sliced by cost-share practice quality, § p-value for weighting 
scheme x cost-share status interaction effect sliced by non cost-share practice quality. 
 

The statistical analysis suggests that there is no significant interaction due to the 

weighting scheme, all p-values are greater than 0.05.  If the null hypothesis is not 

rejected; weighting scheme does not significantly affect the quality score.     
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Given that this statistical analysis indicates that revised weighting scheme scores are 

not significantly different than the unweighted or weighted scores, quality scores reported 

and discussed in this chapter are based upon the revised weighting scheme.  Assessment 

tool revisions (both question revision and the revised weighting scheme) were based upon 

experience gained while assessing more than 300 BMPs.  It is believed that the revised 

tools better reflect the BMP quality in a more thorough and diagnostic manner. 

 
4.4 Individual Best Management Practice Results and Discussion 

Field observations, scoring and statistical summaries (when applicable), and 

assessment tool revisions are grouped together by practice.  Practices are discussed in 

alphabetical order by indicator BMP category, with stream protection practices 

(alternative water systems, stream fencing, streambank stabilization) followed by 

filter/buffer strip practices (grass filter strips, wooded buffers), permanent vegetative 

cover practices (permanent vegetative cover on critical areas, permanent vegetative cover 

on erodible cropland, reforestation of erodible crop and pasture land), hay/pasture 

practices (animal waste storage facilities, grazing land protection systems, loafing lot 

management systems), and cover crops (late winter split of nitrogen on small grains, 

protective cover for specialty crops, sidedress application of nitrogen on corn, small grain 

cover crops—fertilized and harvested, small grain cover crops—nutrient management).   

When available, digital photographs taken during the BMP assessments accompany 

the field observation sections to illustrate levels of quality or different ways to implement 

a given practice.  Photographs were not always available for seasonal practices or 

practices that are predominantly management-based, such as some cover crops. 

 
4.4.1 Alternative Water Systems  
4.4.1.1 Scoring Summary  

Fifty-five alternative water systems were observed in nine SWCDs.  Table 4.3 

summarizes the observed practices, and those included in statistical analyses after 

controlling for independence. 
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Table 4.3: Alternative water systems observed. 
 Cost-shared Non Cost-shared Total 
Total Assessed 37 18 55 
Indicator BMP Category Analyses* 28 18 46 
Individual BMP Analyses† 28 15 43 
* These practices were included in indicator BMP category statistical analyses and are less than the total 
assessed due to controlling for independence, † these practices were included in the individual BMP 
statistical analyses are less than the total assessed due to controlling for independence. 
 

Table 4.4 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality scores ranged from 1.00 (maintenance) to 5.00 (all 

components and overall quality) and non cost-share quality scores ranged from 3.00 

(design and site selection) to 5.00 (all components and overall quality).  The overall 

quality range for cost-shared practices was 3.35 to 5.00, while the overall quality for the 

non cost-shared practices ranged from 3.59 to 5.00.   

The one-way ANOVA test suggests that no statistically significant differences in 

quality exist between cost-share and non cost-share alternative water systems.  However, 

the p-value of the maintenance quality component is 0.061, greater than the 0.05 level, 

but appreciably lower than the other quality component p-values.  While this is not an 

indicator of statistical difference, it implies a potential for statistical difference, if 

variability could be controlled or a larger sample size were assessed.  The design and 

maintenance quality component means do not follow the expected trend of cost-share 

quality scores being greater than non cost-share, and the means for the cost-share and non 

cost-share implementation components are equal.  Potential causes of this deviation from 

the expected trend are discussed in section 4.6.          

 
Table 4.4: Alternative water systems scoring and statistical summary, revised weighting. 
  Sample Size Mean Standard Deviation 
Quality Component p-value* CS† NCS‡ CS NCS CS NCS 
Design 0.800 28 15 4.27 4.34 0.89 0.83 
Site Selection 0.655 28 15 4.93 4.87 0.38 0.52 
Implementation 0.978 28 15 4.32 4.32 0.62 0.57 
Maintenancea 0.061 28 15 4.21 5.00 1.57 0.00 
Overall 0.710 28 15 4.37 4.43 0.51 0.44 
* p-value < 0.05 indicates a statistically significant difference in quality, † CS = cost-shared practices,        
‡ NCS = non cost-shared practices, a = maintenance p-value may indicate potential statistical difference.  
 
Figure 4.1 shows the mean quality scores for the alternative water systems practices.  The 

error-bars indicate the 95 percent confidence interval.  The means are all quite high, 
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above four.  The oval emphasizes the maintenance component with a potentially 

statistically significant difference, at p-value 0.061. 

 

Alternative Water Data Summary
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Figure 4.1: Alternative water systems scoring summary. 
 
4.4.1.2 Field Observations 
 

Several types of watering systems were observed, with each having unique 

attributes requiring slightly different implementation and maintenance processes.  Used 

heavy equipment tires were often converted to watering troughs as well as the use of 

concrete, wooden, and prefabricated plastic troughs.  Several brands of prefabricated 

plastic troughs are available on the market, with different numbers of watering holes 

(usually two or four) and hole coverings (floating disks or balls), and different profiles on 

the landscape.  The choice of prefabricated troughs seemed mostly based on personal or 

SWCD preference and what troughs were available locally.  One prefabricated drinking 

post was observed for use with livestock.  Drinking posts are most often used for horses, 

but the cows in this case adapted well to using the post.  The post is designed much like a 

drinking fountain, pressure on a flap allows water to fill a small reservoir for drinking and 

excess water is drained back into the post when the flap is released.  Water is stored at 

ground temperature, preventing freezing problems in the winter and making cooler water 
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available during the summer.  Some SWCDs did not allow the use of used heavy 

equipment tires as watering troughs for cost-shared practices, while others encouraged 

the use of them for both cost-shared and non cost-shared practices.  Most of the observed 

practices were gravity fed, although solar and wind power was utilized in a few cases to 

pump water.   

Alternative water systems of varying quality were observed across the James 

River Basin, as depicted in figures 4.2-4.4. 

 

 
Figure 4.2: Intermediate quality alternative water system practice. 

 
The alternative water system of intermediate quality depicted above is a concrete trough.  

Had the practice been assessed with the completely revised tool (with added questions) it 

would have been rated as a poor quality alternative water system.  The trough is located 

too close to the stream, and the fence does not continue across the width of the waterway 

to exclude livestock fully from the stream.  The area around the trough is not graveled or 

otherwise protected from animal traffic.  The pasture it is located in exhibits spot grazing 

and poor forage for the livestock.  However, the water supply was adequate and the water 

clean and accessible to the livestock. 
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Figure 4.3: Intermediate quality alternative water system practice. 

 
The intermediate quality alternative water system shown in figure 4.3 is designed and 

sited well.  It is an example of a prefabricated water trough with balls used to cover the 

watering holes.  This installation was sited such that livestock on both sides of the fence 

line may drink from it.  However, the cement apron around the waterer does not extend 

far enough away to prevent erosion.  The area around the watering trough has eroded 

significantly and the pasture exhibited spot grazing.   

 

 
Figure 4.4: Good quality alternative water system practice. 

 
This good quality alternative water system in figure 4.4 is designed, sited, implemented, 

and maintained well.  It has an adequate cement and graveled apron to reduce erosion 
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associated with animal traffic.  The balls have been removed temporarily from one end of 

the waterer in order to let new cattle acclimate to using the water trough.  To properly 

maintain the BMP, the gravel will need to be replenished in a few months time, as gravel 

gets tracked out of the trough area by the livestock. 

 
4.4.2 Stream Fencing  
4.4.2.1 Scoring Summary  

Thirty-four total stream fencing practices were observed in nine SWCDs.  Table 

4.5 summarizes the observed practices, and those included in statistical analyses after 

controlling for independence. 

 
Table 4.5: Stream fencing practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 19 15 34 
Indicator BMP Category Analyses* 15 15 30 
Individual BMP Analyses† 15 15 30 
* These practices were included in indicator BMP category statistical analyses and are less than the total 
assessed due to controlling for independence, † these practices were included in the individual BMP 
statistical analyses are less than the total assessed due to controlling for independence. 
 

Table 4.6 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  An alternative view of the data is found in figure 4.5.  Cost-share 

quality scores ranged from 2.33 (implementation) to 5.00 (all components) and non cost-

share quality scores ranged from 1.00 (design) to 5.00 (all components).  The range in the 

overall quality score for cost-share practices was 4.00 to 5.00 and the range in the overall 

quality score the non cost-share practices was 2.21 to 5.00.     

The one-way ANOVA test suggests that a statistically significant difference in 

overall quality exists between cost-share and non cost-share stream fencing practices.  

The overall quality p-value is 0.043.  Additionally, the p-value of the design quality 

component is 0.074, greater than the 0.05 level, but appreciably lower than the other 

quality component p-values.  While this is not an indicator of statistical difference, it 

implies a potential for statistical difference, if variability could be controlled or a larger 

sample size were assessed.  The overall quality and quality component means follow the 

expected trend of cost-share quality scores being greater than non cost-share.  
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Table 4.6: Stream fencing practices scoring summary, revised weighting. 
  Sample Size Mean Standard Deviation 
Quality Component p-value* CS† NCS‡ CS NCS CS NCS 
Designa 0.074 15 15 4.73 4.07 0.49 1.31 
Site Selection NA 15 15 5.00 5.00 0.00 0.00 
Implementation 0.394 15 15 4.47 4.20 0.84 0.84 
Maintenance 0.186 15 15 4.68 4.20 0.51 1.28 
Overallb 0.043 15 15 4.68 4.20 0.30 0.83 
* p-value < 0.05 indicates a statistically significant difference in quality and NA indicates cost-share and 
non cost-share means are equal, † CS = cost-shared practices, ‡ NCS = non cost-shared practices,                
a = design p-value may indicate potential statistical difference, b =  overall quality p-value < 0.05 
suggesting a statistically significant difference between cost-share and non cost-share practice quality.  
  
Figure 4.5 shows the mean quality scores for the stream fencing practices.  The error-bars 

indicate the 95 percent confidence interval.  The means are a bit more variable than the 

alternative water systems means.  The oval emphasizes the statistically significant 

difference in the overall quality component, with p-value equal to 0.04 and the potential 

for a statistically significant difference in the design quality component, with a p-value of 

0.074. 
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Figure 4.5: Stream fencing statistical summary. 
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4.4.2.2 Field Observations 
 

Several types of permanent and temporary stream fencing were observed—barbed 

wire, electric, wood board, and stone.  A variety of stream fencing of varying quality was 

observed across the James River basin, as depicted in figures 4.6-4.8. 

 

 
Figure 4.6: Poor quality stream fencing. 

 
This example of poor quality stream fencing shows virtually no setback from the stream.  

The fence is not maintained properly, as leaf litter is collecting in the lower portions of 

the fence, which may reduce the current in the electrified portion of the fence.   
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Figure 4.7: Intermediate quality stream fencing. 

 
The intermediate quality stream fencing in figure 4.7 is designed and sited well.  

However, signs of heavy traffic along the fence exist and the fence needs to be inspected 

periodically to remove fallen limbs, vines, and other debris that can reduce the 

effectiveness and therefore overall quality of the fence. 

 

 

 
Figure 4.8: Good quality stream fencing. 

 
The good quality stream fencing pictured in figure 4.8 illustrates an appropriate setback 

from the stream and good implementation and maintenance.  The buffer between the 
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fence and stream is filling in with volunteer species that will eventually grow into a full 

riparian buffer. 

 
4.4.3 Streambank Stabilization  
4.4.3.1 Scoring Summary  

Eight total streambank stabilization practices were observed in three SWCDs.  

Table 4.7 summarizes the observed practices, and those included in statistical analyses 

after controlling for independence. 

 
Table 4.7: Streambank stabilization practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 5 3 8 
Indicator BMP Category Analyses 5 3 8 
Individual BMP Analyses* -- -- -- 
*Statistical analyses were not performed on this practice due to small sample size. 

 
Table 4.8 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The number of observed streambank stabilization practices was not 

large enough to perform an individual practice statistical analysis. 

The number of observed streambank stabilization practices was not large enough 

to perform an individual practice statistical analysis.  Cost-share quality scores ranged 

from 2.33 (implementation) to 5.00 (all components) and non cost-share quality scores 

ranged from 1.00 (design) to 5.00 (all components).  The overall scores were quite high, 

ranging from 4.47 to 5.00 for both cost-shared and non cost-shared practices.  The scores 

reported in table 4.8 illustrate that generally the quality of both cost-share and non-cost 

share streambank stabilization BMPs were good.  The quality score means follow the 

expected trend for all components and the overall quality except in the maintenance 

component.  Potential causes of this deviation from the expected trend are discussed in 

section 4.6. 

  
Table 4.8: Streambank stabilization practices scoring summary, revised weighting. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS† CS NCS CS NCS 
Design 5 3 5.00 4.70 0.00 0.51 
Site Selection‡ -- -- -- -- -- -- 
Implementation 5 3 5.00 4.67 0.00 0.57 
Maintenance 5 3 4.20 5.00 1.79 0.00 
Overall 5 3 4.89 4.73 0.24 0.27 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ = no site selection component 
for this practice. 
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4.4.3.2 Field Observations 

 
  Since all of the streambank stabilization practices assessed were of good quality, 

figures 4.9-4.11 document the different methods observed to control streambank erosion 

rather than varying practice quality. 

 

 
Figure 4.9: Streambank stabilization with wood planks. 

 
Figure 4.9 depicts a non cost-shared streambank stabilization practice.  While the wood 

planks have temporarily reduced erosion at very low cost, it is not a permanent solution 

to bank erosion.  Livestock have been excluded from the area, eliminating erosion due to 

heavy traffic.   
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Figure 4.10: Streambank stabilization with riprap. 

 
While erosion has temporarily been controlled by the riprap in figure 4.10, rock alone 

will not provide an adequate long-term solution to bank erosion.  The establishment of 

native riparian vegetation should accompany structural stabilization.  Livestock were 

excluded from the area.       

     

 
Figure 4.11: Streambank stabilization, with structural and 
vegetative stabilization. 

 
This streambank restoration practice has well-established permanent vegetation and 

structural practices in place.  The stream is fenced, but the exclusion area may be used for 

flash grazing in times of low forage availability. 
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4.4.4 Grass Filter Strips 
4.4.4.1 Scoring Summary 

Twelve grass filter strips were observed in seven SWCDs.  Table 4.9 summarizes 

the observed practices, and those included in statistical analyses after controlling for 

independence. 

 
Table 4.9: Grass filter strip practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 3 9 12 
Indicator BMP Category Analyses 3 9 12 
Individual BMP Analyses* -- -- -- 
* An individual BMP statistical analysis was not performed due to low sample sizes. 
 

Table 4.10 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The number of observed grass filter strip practices was not large 

enough to perform an individual practice statistical analysis.    

Cost-share quality scores ranged from 1.00 (design) to 5.00 (design, site selection, 

implementation, and maintenance).  Non cost-share quality scores ranged from 2.00 

(implementation) to 5.00 (design, site selection, implementation, and maintenance).  The 

overall scores ranged from 3.60 to 4.80 for both cost-share and non cost-share grass filter 

strips.  For the design, site selection, and maintenance components the non cost-share 

means were higher than the cost-share means.  This also occurred for the overall quality 

score.  These means do not follow the expected trend of cost-share having higher quality 

than non cost-share.  Potential causes of this deviation from the expected trend are 

discussed in section 4.6. 

  
Table 4.10: Grass filter strips scoring summary, revised scoring. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS† CS NCS CS NCS 
Design 3 9 3.67 3.81 2.31 1.24 
Site Selection 3 9 4.47 4.73 0.46 0.40 
Implementation 3 9 4.33 4.22 0.58 0.97 
Maintenance 3 9 4.33 4.36 0.76 0.45 
Overall 3 9 4.27 4.34 0.61 0.38 
*CS = cost-shared practices, †NCS = non cost-shared practices. 
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4.4.4.2 Field Observations 
 
Even with such a small sample size, examples of intermediate and good quality 

examples of grass filter strips were observed.  Figures 4.12-4.14 document the differing 

levels of quality, and depict some of the causes for their respective levels of quality. 

 

 
Figure 4.12: Intermediate quality grass filter strip. 

 
The intermediate quality grass filter strip in figure 4.12 is design, sited, and implemented 

appropriately, but a stand failure of the grass has occurred and efforts to reseed the area 

have not been taken.  The perspective of the photograph makes it appear as if the filter 

strip area is upslope from the runoff area, however that is an illusion created by the 

camera; the filter strip is actually located downslope from the runoff area. 
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Figure 4.13: Intermediate quality grass filter strip. 

 
The intermediate grass filter strip in figure 4.13 is undersized and maintenance issues 

need to be addressed—DCR and NRCS standards dictate that the filter strip area should 

be free of rocks and debris.   
 

 
Figure 4.14: Good quality grass filter strip. 

 
The good quality grass filter strip in figure 4.14 exceeds the minimum width requirement 

and appropriately follows guidelines for contour and slope.  The stand of vegetation is 

thick. 
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4.4.5 Wooded Buffers 
4.4.5.1 Scoring Summary  

Twenty-six wooded buffers were observed in nine SWCDs.  Table 4.11 

summarizes the observed practices, and those included in statistical analyses after 

controlling for independence. 

 
Table 4.11: Wooded buffers observed. 
 Cost-shared Non Cost-shared Total 
 Observed 21 5 26 
Indicator BMP Category Analyses* 21 4 25 
Individual BMP Analyses† -- -- -- 
* These practices were included in indicator BMP category statistical analyses and are less than the total 
assessed due to controlling for independence, † an individual BMP statistical analysis was not performed 
due to low sample sizes. 
 

Table 4.12 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The number of observed wooded buffers was not large enough to 

perform an individual practice statistical analysis.    

Cost-share quality scores ranged from 2.00 (implementation) to 5.00 (design, site 

selection, and maintenance).  Non cost-share quality scores ranged from 3.33 

(implementation) to 5.00 (site selection and maintenance).  The overall scores ranged 

from 3.53 to 4.33 for cost-share wooded buffers and from 3.80 to 4.33 for non cost-share 

wooded buffers.  For the implementation and maintenance components, the non cost-

share means were higher than the cost-share means.  The site selection means for cost-

share and non cost-share practices were equal, and the non cost-share overall mean was 

only slightly (4.17) less than the cost-share mean (4.18).  These means do not follow the 

expected trend of cost-share having higher quality than non cost-share.  Potential causes 

of this deviation from the expected trend are discussed in section 4.6. 

 
Table 4.12: Wooded buffer scoring summary, revised weighting. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS† CS NCS CS NCS 
Design 21 5 4.24 4.07 0.40 0.45 
Site Selection 21 5 5.00 5.00 0.00 0.00 
Implementation 21 5 3.21 3.33 0.40 0.00 
Maintenance 21 5 4.62 5.00 0.81 0.00 
Overall 21 5 4.18 4.17 0.22 0.24 
*CS = cost-shared practices, †NCS = non cost-shared practices. 
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4.4.5.2 Field Observations 
 
With the exception of stand failures, the wooded buffers observed were of 

intermediate to good quality.  Figures 4.15-4.17 are examples of good quality wooded 

buffers in different growth stages. 

 

 
Figure 4.15: Newly planted wooded buffer. 

 
Figure 4.15 depicts a wooded buffer planted as recently two weeks before the photograph 

was taken.  Four-foot tree shelters were used, and trees planted into the stabilized 

streambank, located in the middle of the photograph.  Trees also have protective mats at 

the base of the shelter.  Netted tops, which can also protect again rodents climbing down 

the shelter from the top were not used for this particular practice. 
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Figure 4.16: Wooded buffer less than one year. 

 
The wooded buffer in figure 4.16 is an example of a wooded buffer planted within the 

past year.  Four-foot tree shelters with netted tops were used to protect the newly planted 

trees.  Barring stand failures from natural causes and with appropriate maintenance, this 

wooded buffer will grow into a mature good quality practice. 
 

 

 
Figure 4.17: Mature wooded buffer. 

 
A mature wooded buffer during the winter is pictured in figure 4.17.  The trees are 

several years old and have grown in well.   
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4.4.6 Permanent Vegetation on Critical Areas 
4.4.6.1 Scoring Summary  

Twenty-nine permanent vegetation on critical area practices were observed in 

nine SWCDs.  Table 4.13 summarizes the observed practices, and those included in 

statistical analyses after controlling for independence. 
 

Table 4.13: Permanent vegetative cover on critical areas observed. 
 Cost-shared Non Cost-shared Total 
Observed 14 15 29 
Indicator BMP Category Analyses 14 15 29 
Individual BMP Analyses* 13 15 28 
* These practices were included in individual BMP statistical analyses and are less than the total assessed 
due to controlling for independence. 
 

Table 4.14 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality scores ranged from 1.00 (maintenance) to 5.00 (all 

components and overall quality) and non cost-share quality scores ranged from 2.20 

(implementation) to 5.00 (all components and overall quality).  The range in the overall 

quality score for cost-share practices was 2.50 to 5.00 and the range in the overall quality 

score the non cost-share practices was 3.25 to 5.00.     

The one-way ANOVA test suggests that a statistically significant difference in 

overall quality does not exist between cost-share and non cost-share permanent 

vegetative cover on critical area practices.  All p-values are greater than 0.05.  For the 

implementation component and the overall quality, the non cost-share means were higher 

than the cost-share means.  The site selection means for cost-share and non cost-share 

practices were equal.  These means do not follow the expected trend of cost-share having 

higher quality than non cost-share.  Potential causes of this deviation from the expected 

trend are discussed in section 4.6. 
 
Table 4.14: Permanent vegetative cover on critical areas scoring summary, revised weighting. 
  Sample Size Mean Standard Deviation 
Quality Component p-value* CS† NCS‡ CS NCS CS NCS 
Design§ -- -- -- -- -- -- -- 
Site Selection NA 13 15 5.00 5.00 0.00 0.00 
Implementation 0.189 13 15 3.95 4.55 1.39 0.92 
Maintenance 0.202 13 15 4.23 3.67 1.30 0.98 
Overallb 0.394 13 15 4.15 4.38 0.89 0.47 
* p-value < 0.05 indicates a statistically significant difference in quality and NA indicates equal cost-share 
and non cost-share scores, † CS = cost-shared practices, ‡ NCS = non cost-shared practices, § no design 
component for this practice.  
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Figure 4.18 shows the mean quality scores for the permanent vegetative cover on critical 

areas practices.  The error-bars indicate the 95 percent confidence interval.  The means 

are lower than the means for the alternative water systems or stream fencing, with some 

values less than four.  The means are also more variable.  There is no design quality 

component because this practice is more management-based and did not have applicable 

design standards. 
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Figure 4.18: Permanent vegetative cover on critical areas statistical 
summary. 

 
4.4.6.2 Field Observations 
 
 Although poor, intermediate, and good quality examples of this practice were 

observed, only photographs of intermediate and good quality practices were available.  

Figures 4.19-4.21 display intermediate and good quality permanent vegetative cover on 

critical area practices.  These particular practices depict two cases where the critical area 

was in a pasture and one case that occurred in a cultivated field. 

 
 

 99  



 
Figure 4.19: Intermediate quality permanent vegetative cover on 
critical areas within a cultivated field.       

 
Figure 4.19 is an example of permanent vegetation on critical areas within a cultivated 

field.  Contoured permanent vegetative strips act as grassed waterways, diverting water 

from the cropped areas and thereby reducing water erosion.  Rill erosion continues to be a 

problem in this field, reducing the quality to intermediate. 

 

 
Figure 4.20:  Good quality permanent vegetative cover on critical 
areas in a pasture. 

 
Figure 4.20 displays a critically eroded area along a stream that has been treated by 

allowing volunteer grasses to fill in the area after livestock were excluded.  A bridge 
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across the stream is used for moving cattle from one pasture to another.  Erosion is under 

control, and the practice is of good quality. 

  

 
Figure 4.21: Good quality permanent vegetative cover on critical 
areas in a pasture. 

 
The site in figure 4.21 was rehabilitated after a spring development project occurred.  The 

area was graded, seeded, and livestock excluded.  Erosion control was achieved in a short 

time and the practice is of good quality. 

 
4.4.7 Permanent Vegetative Cover on Erodible Cropland 
4.4.7.1 Scoring Summary 

Nineteen permanent vegetation on erodible cropland practices were observed in 

seven SWCDs.  Table 4.15 summarizes the observed practices, and those included in 

statistical analyses after controlling for independence. 

 
Table 4.15: Permanent vegetative cover on erodible cropland practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 6 13 19 
Indicator BMP Category Analyses 6 13 19 
Individual BMP Analyses* -- -- -- 
* An individual BMP statistical analysis was not performed due to low sample sizes. 
 

Table 4.16 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The number of observed permanent vegetative cover on erodible 

cropland practices was not large enough to perform an individual practice statistical 

analysis.    
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Cost-share quality scores ranged from 3.00 (implementation) to 5.00 (site 

selection, implementation, maintenance, and overall).  Non cost-share quality scores 

ranged from 3.00 (implementation) to 5.00 (site selection, implementation, maintenance, 

and overall).  The overall scores ranged from 4.00 to 5.00 for cost-share practices and 

from 3.75 to 5.00 for non cost-share practices.  For the maintenance components, the non 

cost-share mean was higher than the cost-share mean.    The site selection means for cost-

share and non cost-share practices were equal.  These means do not follow the expected 

trend of cost-share having higher quality than non cost-share.  Potential causes of this 

deviation from the expected trend are discussed in section 4.6. 

 
Table 4.16: Permanent vegetative cover on erodible cropland practices scoring summary. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS† CS NCS CS NCS 
Design‡ -- -- -- -- -- -- 
Site Selection 6 13 5.00 5.00 0.00 0.00 
Implementation 6 13 4.47 4.23 0.41 0.68 
Maintenance 6 13 4.47 4.69 0.82 0.75 
Overall 6 13 4.58 4.44 0.38 0.42 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ no design component for this 
practice. 
 
4.4.7.2 Field Observations 

 
Figures 4.22 and 4.23 represent intermediate and good quality permanent vegetative 

cover on erodible cropland practices, respectively.  No poor quality practices were 

observed.  
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Figure 4.22: Intermediate quality permanent 
vegetative cover on erodible cropland. 

 
The intermediate quality permanent vegetation of erodible cropland in figure 4.22 is used 

for pasture.  The livestock have been allowed to graze the grasses below the 

recommended height. 

 

 
Figure 4.23: Good quality permanent vegetative cover on 
erodible cropland. 
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Erodible cropland was treated with permanent vegetation in figure 4.23.  No rill or gully 

erosion was evident, and the stand of grass was lush. 

 
4.4.8 Reforestation of Erodible Crop and Pasture Land  
4.4.8.1 Scoring Summary  

Fifteen total reforestation of erodible crop and pasture land practices were 

observed in nine SWCDs.  Table 4.17 summarizes the observed practices, and those 

included in statistical analyses after controlling for independence. 

 
Table 4.17: Reforestation of erodible crop and pasture land practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 12 3 15 
Indicator BMP Analyses* 12 2 14 
Individual BMP Analyses† -- -- -- 
* These practices were included in individual BMP statistical analyses and are less than the total assessed 
due to controlling for independence, † individual BMP statistical analysis was not performed due to low 
sample sizes. 
 

Table 4.18 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The number of observed reforestation of erodible crop and pasture 

land practices was not large enough to perform an individual practice statistical analysis.    

Cost-share quality scores ranged from 1.00 (site selection) to 5.00 (site selection, 

implementation, and overall).  Non cost-share quality scores ranged from 1.00 (site 

selection) to 5.00 (site selection, implementation, and overall).  The overall scores ranged 

from 3.67 to 5.00 for cost-share practices and from 3.00 to 4.30 for non cost-share 

practices.  The cost-share and non cost-share means followed the expected trend of cost-

share means exceeding non cost-share means. 
 

Table 4.18: Reforestation of erodible crop and pasture land practices scoring summary. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS† CS NCS CS NCS 
Design‡ -- -- -- -- -- -- 
Site Selection 12 3 4.67 4.33 1.16 1.45 
Implementation 12 3 5.00 4.80 0.00 0.56 
Maintenance‡ -- -- -- -- -- -- 
Overall 12 3 4.89 4.64 0.38 0.66 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ = no design and maintenance 
components for this practice. 
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4.4.8.2 Field Observations 
 
Figures 4.24 and 4.25 depict reforestation of erodible cropland practices of poor and 

good qualities.  An intermediate quality reforestation practice was not photographed.  

Figure 4.26 illustrates the appropriate use of tree shelters for reforestation and figure 4.27 

is an example of a reforestation in a newly constructed wetland. 

 

 
Figure 4.24: Poor quality reforestation of erodible crop and 
pasture land practice. 

 
The poor quality reforestation practice in figure 4.24 is marked by a total stand failure.  

Tree shelters were not used.  The area has grown in with grass, but no effort has been 

made to replant with trees.     
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Figure 4.25: Good quality reforestation of erodible crop and 
pasture land practice. 

 
Pine is a common tree to use in reforestation practices.  In figure 4.25, the pines have 

grown in adequately to provide a good stand. 

 

 
Figure 4.26: Good quality reforestation of erodible crop and 
pasture land practice, tree shelters used for early-stage practice. 

 
Tree shelters in figure 4.26 are used to protect transplanted seedlings from rodents, as 

with wooded buffers.  The effectiveness of the shelters is diminished when frost heave 

pushes the tube above the ground, allowing animals access to the bottom of the tree.  As 

with wooded buffers, shelters are unnecessary for pines.   
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Figure 4.27: Good quality reforestation of erodible crop and 
pasture land practice, constructed wetland. 

 
Reforestation projects may also include the implementation of constructed wetlands, as 

depicted in figure 4.27.  The area was once drained using tile drains for use as cropland.  

The drains were removed during restoration of the area back to its predevelopment state, 

a wetland.  Native hydric vegetation, including trees, was utilized in this practice. 

 
4.4.9 Animal Waste Storage Facilities 
4.4.9.1 Scoring Summary 

Eight animal waste storage facilities were observed in five SWCDs.  Table 4.19 

summarizes the observed practices, and those included in statistical analyses after 

controlling for independence. 
 

Table 4.19: Animal waste storage facilities observed. 
 Cost-shared Non Cost-shared Total 
Observed 7 1 8 
Indicator BMP Category Analyses* 5 1 6 
Individual BMP Analyses† -- -- -- 
* These practices were included in indicator BMP category statistical analyses and are less than the total 
assessed due to controlling for independence, †an individual BMP statistical analysis was not performed 
due to low sample sizes. 
 

Table 4.20 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The number of observed animal waste storage facilities was not large 

enough to perform an individual practice statistical analysis.  The capital required to 

implement this practice is very high, making non cost-share examples difficult to locate.  

The non cost-share practice observed was quite old, and the plan is to phase it out of use.  
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The number of dairies is decreasing with time, which also makes even cost-share 

practices of this type difficult to find. 

  Cost-share quality scores ranged from 4.36 (maintenance) to 4.71 (design).  Non 

cost-share quality scores ranged from 4.53 (maintenance) to 5.00 (design, site selection, 

and implementation).  The overall scores ranged from 4.27 to 4.77 for cost-share animal 

waste storage facilities and the overall mean for the non cost-share animal waste storage 

facility was 4.77.  No comment can be made regarding cost-share and non cost-share 

mean trends because only one non cost-share animal waste storage facility was assessed.    

However, the one non cost-share practice assessed did score higher than the cost-share 

mean for all components and the overall score. 

 
Table 4.20: Animal waste storage facility scoring summary. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS† CS NCS CS NCS‡ 
Design 7 1 4.71 5.00 0.36 -- 
Site Selection 7 1 4.66 5.00 0.63 -- 
Implementation 7 1 4.47 5.00 0.44 -- 
Maintenance 7 1 4.36 4.53 0.33 -- 
Overall 7 1 4.48 4.77 0.20 -- 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ standard deviations are not 
calculated for a sample size of one. 
 
4.4.9.2 Field Observations 
 
 Figures 4.28-4.31 display different animal waste storage facilities that were 

assessed in the James River basin.  All of the assessed animal waste storage facilities 

were of good quality, but design and implementation were all slightly different. 
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Figure 4.28: Good quality animal waste storage facility, above 
ground structure. 

 
The above ground waste storage facility in Figure 4.28 is a concrete structure less than 

one year old.  Adequate safety measures have been implemented, as seen by the fence.  

While sized appropriately, there was inadequate freeboard at the time of the assessment.  

  

 
Figure 4.29: Good quality animal waste storage facility, above 
ground prefabricated structure. 

 
The storage facility in figure 4.29 is a pre-fabricated structure.  The area is fenced from 

livestock and adequate storage for the herd size, including anticipated additions to the 

herd, and sufficient freeboard exists. 

 

 109  



 
Figure 4.30: Good quality animal waste storage facility, pond. 

 
The waste storage pond in figure 4.30 is equipped with appropriate safety measures, and 

surface runoff is diverted correctly.  Embankments are free of woody vegetation and 

adequately wide.  A geotextile material lines the storage pond.  Sufficient freeboard is 

present, though it will diminish as the pond fills up over the remaining wet season before 

land application can occur.  The facility received a quality rating of good. 

 

 
Figure 4.31: Good quality animal waste storage facility, pond with 
flushing system. 

 
The good quality animal waste storage facility in figure 4.31 consists of two ponds—an 

initial large pond that receives waste via a flushing ramp, as seen in the forefront of the 
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photo, and a smaller pond connected to the first waste pond by a spillway that is used as a 

reservoir for flushing liquid.  Solids settle in the first pond and the liquid fraction is 

allowed to spill into the second, smaller pond.  The liquid waste from the second pond is 

pumped up to a tank and released periodically to flush barn alleys.   

 
4.4.10 Grazing Land Protection Systems 
4.4.10.1 Scoring Summary  

Thirty total grazing land protection systems were observed in ten SWCDs.  Table 

4.21 summarizes the observed practices, and those included in statistical analyses after 

controlling for independence. 
 

Table 4.21: Grazing land protection systems observed. 
 Cost-shared Non Cost-shared Total 
 Observed 15 15 30 
Indicator BMP Category Analyses 15 15 30 
Individual BMP Analyses 15 15 30 

 
Table 4.22 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality scores ranged from 2.00 (maintenance) to 5.00 

(implementation, maintenance, and overall) and non cost-share quality scores ranged 

from 1.00 (maintenance) to 5.00 (implementation, maintenance, and overall).  The range 

in the overall quality score for cost-share practices was 2.40 to 5.00 and the range in the 

overall quality score the non cost-share practices was 3.20 to 5.00.     

The one-way ANOVA test suggests there is not a statistically significant 

difference in overall quality between cost-share and non cost-share grazing land 

protection systems.  All p-values are greater than 0.05.  The overall quality and quality 

component means follow the expected trend of cost-share quality scores being greater 

than non cost-share quality scores.  

 
Table 4.22: Grazing land protection systems scoring summary, revised weighting. 
  Sample Size Mean Standard Deviation 
Quality Component p-value* CS† NCS‡ CS NCS CS NCS 
Design§ -- -- -- -- -- -- -- 
Site Selection║  -- -- -- -- -- -- -- 
Implementation 0.889 15 15 4.70 4.67 0.68 0.62 
Maintenance 0.377 15 15 3.53 3.07 1.30 1.53 
Overall 0.611 15 15 4.47 4.35 0.69 0.59 
* p-value < 0.05 indicates a statistically significant difference in quality, † CS = cost-shared practices,        
‡ NCS = non cost-shared practices, § no design component for this practice,║ no site selection component 
for this practice. 
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Figure 4.32 shows the mean quality scores for the grazing land protection systems.  The 

error-bars indicate the 95 percent confidence interval.  The means are lower than the 

means for the alternative water systems, stream fencing, and permanent vegetative cover 

on critical areas, with some means around three.  The means are also more variable.  

There were no design or site selection standards.   
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Figure 4.32: Grazing land protection systems statistical 
summary. 

 
4.4.10.2 Field Observations 

 
A number of grazing land protection systems of varying quality were observed 

across the James River basin, as depicted in figures 4.33-4.34. 
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Figure 4.33: Poor quality grazing land protection system. 

 
Fence pressure and inadequate management has caused the poor quality grazing land 

protection system in figure 4.33.  Livestock were left in the paddock too long, eliminating 

most vegetation, especially along fences as they sought forage. 

 

 
Figure 4.34: Intermediate quality grazing land protection 
system. 

 
Inadequate shade away from the fence is causing excessive traffic and erosion along the 

fence lines in the intermediate quality system pictured in figure 4.34.  This fence pressure 

may eventually result in a breach in the fence if additional shade away from the fence is 

not provided. 
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Figure 4.35: Good quality grazing land protection system. 

 
The good quality grazing land system in figure 4.35 is implemented well, shade is 

available within the paddocks and vegetation is not grazed too low.  The photograph was 

taken in very early spring, as such the vegetation in this picture is not as lush as one 

would expect during the summer months. 

 
4.4.11 Loafing Lot Management Systems 
4.4.11.1 Scoring Summary  

Two loafing lot management systems were observed in two SWCDs.  Table 4.23 

summarizes the observed practices, and those included in statistical analyses after 

controlling for independence. 

 

 Cost-shared Non Cost-shared Total 
1 1 2 

Indicator BMP Category Analyses 1 1 
Individual BMP Analyses* -- -- -- 

 
Table 4.24 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The number of observed loafing lot management systems was not 

large enough to perform an individual practice statistical analysis.  The number of dairies 

in the James River Basin is decreasing with time, which makes practices of this type 

difficult to find.  The non cost-share mean exceeded the cost-share mean for design, site 

Table 4.23: Loafing lot management systems observed. 

 Observed 
2 

* An individual BMP statistical analysis was not performed due to low sample sizes. 
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selection, and implementation, though the extremely small sample size makes it difficult 

to make inferences about the quality of loafing lot practices in the James River Basin.   
   
Table 4.24: Loafing lot management system scoring summary, revised weighting. 

Sample Size Mean Standard Deviation* 
Quality Component CS  † NCS  ‡ CS NCS CS NCS 

1 1 3.400 3.667 -- -- 
Site Selection 1 1 1.000 5.000 -- 
Implementation 1 1 4.000 5.000 -- 
Maintenance 1 

 

Design 
-- 
-- 

1 4.400 1.000 -- -- 
Overall 1 1 3.500 3.462 -- -- 
* Standard deviations are not calculated for a sample size of one, †CS = cost-shared practices,  
‡ NCS = non cost-shared practices. 
 
4.4.11.2 Field Observations 
 
 Both loafing lot management systems observed were of intermediate quality.  

Figures 4.36 and 4.37 display an assessed loafing lot and sacrifice area.   

 

 
Figure 4.36: Intermediate quality loafing lot management system, 
loafing lot. 

 
The loafing lot management system depicted in figure 4.36 is adequate in size, however 

excessive traffic or wallowing has led to decreased vegetation and erosion problems. 
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Figure 4.37: Intermediate quality loafing lot management system, 
sacrifice area. 

   
The sacrifice area in figure 4.37 is located in the compacted barnyard area.  This area is 

scraped periodically.  Sacrifice areas may be in a barn, in a compacted barnyard, or a 

designated loafing lot that is used only in times of precipitation.   

 
4.4.12 Late Winter Split of Nitrogen on Small Grains 
4.4.12.1 Scoring Summary 
 Ten late winter split of nitrogen on small grain practices were observed in three 

SWCDs.  Table 4.25 summarizes the observed practices, and those included in statistical 

analyses after controlling for independence. 
 

Table 4.25: Late winter split of nitrogen on small grains practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 1 9 10 
Indicator BMP Category Analyses 1 9 10 
Individual BMP Analyses* -- -- -- 
* An individual BMP statistical analysis was not performed due to low sample sizes. 
 

Table 4.26 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The small, unbalanced sample sizes do not provide enough power to 

conduct an individual BMP statistical analysis.  The cost-share quality scores ranged 

from 3.67 (implementation) to 5.00 (design) and non cost-share quality scores ranged 

from 1.00 (design) to 5.00 (design, implementation, and overall).  The overall quality 

score for the cost-share practices was 4.00 and the range in the overall quality score the 

non cost-share practices was 4.00 to 5.00.  The extremely small sample size makes it 
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difficult to make inferences about the quality of late winter split of nitrogen on small 

grain practices in the James River Basin.       

 
Table 4.26: Late winter split of nitrogen on small grain practices scoring summary, revised 
weighting. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS  † CS NCS CS NCS 
Design 1 9 5.00 4.56 -- 1.33 
Site Selection  ‡ -- -- -- -- -- -- 
Implementation 1 9 3.67 4.26 -- 0.70 
Maintenance  § -- -- -- -- -- -- 
Overall 1 9 4.00 4.33 0.50 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ = standard deviations are not   
calculated for a sample size of one, ‡ no site selection component for this practice, § = no 
maintenance component for this practice. 
 

No photographs were taken of this practice. 
 

4.4.13.1 Scoring Summary  
Thirteen protective cover on specialty crops practices were observed in five 

SWCDs.  Table 4.27 summarizes the observed practices, and those included in statistical 

analyses after controlling for independence. 
 

Table 4.27: Protective cover on specialty crops practices observed. 
 Cost-shared Total 
Observed 6 7 13 
Indicator BMP Category Analyses 7 13 
Individual BMP Analyses* -- -- -- 
* An individual BMP statistical analysis was not performed due to low sample sizes. 
  

Table 4.28 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The small sample size does not provide enough power to conduct an 

individual BMP statistical analysis.  Cost-share quality scores ranged from 1.00 

(maintenance) to 5.00 (maintenance) and non cost-share quality scores ranged from 2.71 

(implementation) to 5.00 (implementation, maintenance, and overall).  The overall 

quality scores for the cost-share practices ranged from 3.00 to 4.50 and the range in the 

overall quality score the non cost-share practices was 3.00 to 5.00.  The non cost-share 

means exceeded the cost-share means in every component, as well as the overall score.  

These means do not follow the expected trend of cost-share having higher quality than 

non cost-share.  Potential causes of this deviation from the expected trend are discussed 

in section 4.6. 

-- 

4.4.13 Protective Cover on Specialty Crops  

Non Cost-shared 

6 
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Table 4.28: Protective cover for specialty crops practices scoring summary, revised 
weighting. 
 Sample Size Mean 
Quality Component CS* NCS  † CS NCS CS 
Design  ‡ -- -- -- -- -- 
Site Selection  § -- -- -- -- -- 
Implementation 6 7 4.020 0.816 0.806 
Maintenance 6 7 5.000 2.065 0.000 
Overall 6 7 4.143 0.586 0.705 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ no design components for this 
practice, § no site selection component for this practice. 

 

 
 Only one photograph was taken of this practice. 
 
 

 
Figure 4.38: Good quality protective cover on specialty crops 
practice. 

The protective cover in figure 4.38 is located at a small commercial nursery.  Most 

nurseries have bare strips between rows of trees, but volunteer grasses are allowed to 

grow up between rows here.   

 
4.4.14 Sidedress Application of Nitrogen on Corn 
4.4.14.1 Scoring Summary  

Sixteen sidedress application of nitrogen on corn practices were observed in four 

SWCDs.  Table 4.29 summarizes the observed practices, and those included in statistical 

analyses after controlling for independence. 
 

Standard Deviation 
NCS 

-- 
-- 

3.619 
3.667 
3.625 

4.4.13.2 Field Observations 
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Table 4.29: Sidedress application of nitrogen on corn practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 0 16 
Indicator BMP Category Analyses 0 16 16 
Individual BMP Analyses* -- -- -- 
* An individual BMP statistical analysis was not performed due to low sample sizes. 

16 

 
Table 4.30 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The small sample size and lack of cost-share observations does not 

provide enough power to conduct an individual BMP statistical analysis.  Non cost-share 

quality scores ranged from 2.00 to 5.00.   

 
Table 4.30: Sidedress application of nitrogen on corn practices scoring summary, revised 
weighting. 
 Sample Size Mean Standard Deviation 
Quality Component CS*  † NCS  ‡ CS NCS CS NCS 
Design  § -- -- -- -- -- -- 
Site Selection  ║ -- -- -- -- -- -- 
Implementation 0 16 -- 3.81 -- 0.91 
Maintenance  # -- -- -- -- -- 
Overall 0 16 3.81 -- 0.91 
*CS = cost-shared practices, † no cost-share practices observed, ‡ NCS = non cost-shared 
practices, § no design component for this practice, ║ no site selection component for this 
practice, # no maintenance component for this practice. 
 

 
4.4.15 Small Grain Cover Crops—Fertilized and Harvested 
4.4.15.1 Scoring Summary  

Sixteen small grain cover crops—fertilized and harvested practices were observed 

in eight SWCDs.  Table 4.31 summarizes the observed practices, and those included in 

statistical analyses after controlling for independence. 
 

 Cost-shared Non Cost-shared Total 
 Observed 1 15 
Indicator BMP Category Analyses 1 15 16 
Individual BMP Analyses* -- 

-- 
-- 

No photographs of this practice were taken. 

Table 4.31: Small grain cover crops--fertilized and harvested practices observed. 

16 

-- -- 
* An individual BMP statistical analysis was not performed due to low sample sizes. 
 

Table 4.32 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The small, unbalanced sample size does not provide enough power to 

conduct an individual BMP statistical analysis.  The cost-share practice assessed received 

a perfect score, five, in all components and for overall quality.  The non cost-share scores 

ranged from 1.00 (site selection, implementation, and maintenance) to 5.00 (site 
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selection, implementation, maintenance, and overall).  Due to the small sample sizes, an 

inference cannot be made regarding the quality mean trends. 

 
Table 4.32: Small grain cover crops-- fertilized and harvested practices scoring summary, 
revised weighting. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS  † CS NCS CS  § NCS 
Design  ‡ -- -- -- -- -- -- 
Site Selection 1 15 5.00 4.25 -- 1.61 
Implementation 1 15 5.00 4.75 -- 1.00 
Maintenance 1 15 5.00 3.13 -- 1.71 
Overall 1 15 5.00 4.04 -- 0.84 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ = no design component for 
this practice, § = standard deviations are not calculated for a sample size of one. 
 

No photographs of this practice were taken. 
 
4.4.16 Small Grain Cover Crops—Nutrient Management 
4.4.16.1 Scoring Summary and Field Observations 

Twelve small grain cover crops—nutrient management practices were observed in 

three SWCDs.  Table 4.33 summarizes the observed practices, and those included in 

statistical analyses after controlling for independence. 

 
Table 4.33: Small grain cover crops-- nutrient management practices observed. 
 Cost-shared Non Cost-shared Total 
Observed 7 5 12 
Indicator BMP Category Analyses 7 5 12 
Individual BMP Analyses* -- -- -- 
* An individual BMP statistical analysis was not performed due to low sample sizes. 

 
Table 4.34 contains the revised quality scoring (revised weighting scheme) and 

scoring summary.  The small sample size does not provide enough power to conduct an 

individual BMP statistical analysis.  The means and standard deviations were calculated 

in Microsoft Excel.  The cost-shared scores ranged from 1.00 (maintenance) to 5.00 (site 

selection, implementation, maintenance, and overall).  The non cost-share scores ranged 

from 1.00 (maintenance) to 5.00 (site selection, implementation, maintenance, and 

overall).   Cost-share overall quality scores ranged from 3.00 to 5.00 and non cost-share 

overall quality scores ranged from 3.67 to 5.00.  Means followed the expected trend in 

maintenance, where the cost-share mean quality score exceeded that for non cost-share, 

but not in the implementation or overall quality.  Cost-share and non cost-share quality 
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means were equal in the site selection component.  Potential causes of this deviation from 

the expected trend are discussed in section 4.6. 

 
Table 4.34: Small grain cover crops-- nutrient management practice scoring summary, 
revised scoring. 
 Sample Size Mean Standard Deviation 
Quality Component CS* NCS  † CS NCS NCS 
Design  -- -- -- 

7 5 5.00 5.00 0.00 
Implementation 7 5 4.71 0.58 

7 5 2.43 2.33 1.51 
Overall 7 4.05 4.06 0.65 
*CS = cost-shared practices, †NCS = non cost-shared practices, ‡ = no design component for 
this practice. 
 

 
 One photograph was available for this practice. 

 
Figure 4.39: Good quality small grain cover crops-- nutrient 
management practice. 

 
The cover provided in figure 4.39 is used for erosion and nutrient management purposes 

only.  A grass filter strip is located at the forefront of the photograph.   

 

The statistical analyses performed on individual BMPs did not result in a 

conclusive trend.  Of the four practices with sufficient sample sizes to perform individual 

analyses, alternative water systems, stream fencing, permanent vegetative cover on 

CS 
‡ -- -- -- 

Site Selection 0.00 
4.83 0.76 

Maintenance 1.56 
5 0.60 

4.4.16.2 Field Observations 

 

4.4.17 Summary of Individual Best Management Practice Results 
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critical areas, and grazing land protection systems, only one instance resulted in a 

statistically significant difference (p ≤ 0.05) in quality between cost-share and non cost-

share practices.  This difference existed in the overall quality for stream fencing, where 

the p-value was equal to 0.043 and the cost-share mean was 4.68 and the non cost-share 

mean was 4.20.  These means followed the expected trend of cost-share practices having 

higher quality than non cost-share practices.  On two occasions p-values were of a level 

(0.05 ≤ p ≥ 0.075) that warranted additional notice.  These cases were alternative water 

systems (maintenance p = 0.061, cost-share mean was 4.21 and non cost-share mean was 

5.00) and stream fencing (design p = 0.074, cost-share mean was 4.73 and non cost-share 

mean was 4.07).  The alternative water system means do not follow the expected trend of 

cost-share means being greater than non cost-share means.  Deviations from the expected 

trend are discussed in section 4.6.   

 

4.5.1 Stream Protection Indicator Best Management Practice Category 
The stream protection indicator BMP category consists of the following 

individual BMPs: alternative water systems, stream fencing, and streambank 

stabilization.  This indicator BMP category had the largest number of observations.  The 

individual practices in this category are relatively plentiful across the basin, and cost-

share assistance is available for all practices in this group in each SWCD visited.  Non 

cost-share practices were slightly harder to locate than the cost-shared counterparts, 

especially alternative water systems and streambank stabilization practices.  These 

particular practices require more capital than stream fencing, and for alternative water 

systems heavy equipment may be necessary to drill new wells, deepen existing wells, or 

develop springs. 

Table 4.35 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality means ranged from 4.49 (design) to 4.92 (site 

selection).  Non cost-share quality means ranged from 4.23 (design and implementation) 

to 4.92 (site selection).  The means followed the expected trend of cost-share quality 

means exceeding non cost-share quality means for all components and the overall quality 

except for in the implementation component.  Potential causes of this deviation from the 

expected trend are discussed in section 4.6. 

4.5 Indicator Best Management Practice Category Results and Discussion 
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The one-way ANOVA test suggests that no statistically significant differences in 

quality exist between cost-share and non cost-share stream protection indicator BMP 

category groups.  However, while the p-value of the maintenance quality component is 

0.075, greater than the 0.05 level, it is appreciably lower than the other quality 

component p-values.  While no difference was found, the comparatively low maintenance 

component p-value implies the potential for a statistically significant difference in 

practice maintenance between cost share groups.   

 

  Sample Size* Mean Standard Deviation 
p-value  † ‡ NCS  § CS NCS NCS 

Design 0.266 31 4.23 0.71 
Site Selection 1.000 4.92 4.92 
Implementation 31 27 4.52 4.23 0.61 
Maintenance 0.762 27 4.49 4.58 
Overall  31 27 

Table 4.35: Stream protection indicator BMP category scoring summary, revised weighting. 

Quality Component CS CS  
27 4.49 1.10 

26 26 0.39 0.39 
0.100 0.68 

31 1.14 1.01 
a 0.075 4.57 4.31 0.42 0.68 

* Sample size changes due to control for independence, † p-value < 0.05 indicates a statistically significant 
difference in quality, ‡CS = cost-shared practices, § NCS = non cost-shared practices, a = potentially 
statistically significant difference between cost-share and non cost-share practices. 
  

Figure 4.40 shows the mean quality scores for stream protection indicator BMP 

category.  The error-bars indicate the 95 percent confidence interval.  The means are 

above 4.00.  The oval emphasizes the possible statistically significant difference between 

cost-share and non cost-share indicator BMP groups, at p-value 0.075.   
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Figure 4.40: Stream protection indicator BMP category scoring. 
 
4.5.2 Filter/Buffer Strips Indicator Best Management Practice Category 

 
The filter/buffer strips indicator BMP category consists of the following 

individual BMPs: grass filter strips and wooded buffers.   

Table 4.36 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality means ranged from 3.35 (implementation) to 4.93 

(site selection).  Non cost-share quality means ranged from 3.88 (implementation) to 4.82 

(site selection).  The means followed the expected trend of cost-share quality means 

exceeding non cost-share quality means for design and site selection components.  The 

trend did not hold for the implementation and maintenance components, as well as the 

overall quality.  Potential causes of this deviation from the expected trend are discussed 

in section 4.6. 

The one-way ANOVA test suggests that a statistically significant difference in 

quality exist between cost-share and non cost-share stream protection indicator BMP 

category practices for the implementation component.  The implementation p-value is 

0.026, and the non cost-share mean exceeds the cost-share mean.         
 
 
 
 

 124  



 
Table 4.36: Filter/buffer strips indicator BMP category scoring summary, revised weighting. 
  Sample Size Mean Standard Deviation 
Quality Component p-value* CS  † NCS  ‡ CS NCS CS NCS 
Design 0.389 24 13 4.17 3.90 0.80 1.04 
Site Selection 0.221 24 13 4.93 4.82 0.23 0.35 
Implementation  a 0.026 24 13 3.35 3.88 0.56 0.89 
Maintenance 0.967 24 13 4.58 4.60 0.79 0.29 
Overall 0.429 24 13 4.19 4.28 0.27 0.35 
* p-value < 0.05 indicates a statistically significant difference in quality, † CS = cost-shared practices,  
‡ NCS = non cost-shared practices, a = statistically significant difference between cost-share and non cost-
share practices. 
 

Figure 4.41 shows the mean quality scores for the filter/buffer strip indicator 

BMP category.  The error-bars indicate the 95 percent confidence interval.  The means 

are lower than the means for the stream protection indicator BMP, with some values less 

than four.  The means are also more variable.  The oval emphasizes the statistically 

significant difference, at p-value 0.026.   
 

Filter/buffer Strips Category Scoring Summary
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Figure 4.41: Filter/buffer strips indicator BMP category scoring 
summary. 

 
4.5.3 Permanent Vegetative Cover Indicator Best Management Practice Category 

 
The permanent vegetative cover indicator BMP category consists of the following 

individual BMPs: permanent vegetative cover on critically eroding areas, permanent 

vegetative cover on erodible cropland, and reforestation of erodible crop and pasture 
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land.  Observations for this indicator BMP category were fairly easy to locate.  Little 

money is needed to convert cropland to fallow or pasture land.  One could even let 

natural succession take a field over to convert it to permanent vegetation or to become 

reforested.  Permanent vegetation on critically eroding areas is a more expensive practice 

to implement, however cost-share assistance seemed readily available for that practice.     

Table 4.37 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality means ranged from 4.37 (maintenance) to 4.93 (site 

selection).  Non cost-share quality means ranged from 4.10 (maintenance) to 5.00 (site 

selection).  The means followed the expected trend of cost-share quality means exceeding 

non cost-share quality means for all components and the overall quality except the site 

selection component.  Potential causes of this deviation from the expected trend are 

discussed in section 4.6. 

The one-way ANOVA test suggests that no statistically significant differences in 

quality exist between cost-share and non cost-share stream protection indicator BMP 

category groups.  All p-values were greater than 0.05. 

 
Table 4.37: Permanent vegetative cover indicator BMP category scoring summary, revised 
weighting. 
  Sample Size* Mean Standard Deviation 
Quality Component p-value  † CS  ‡ NCS  § CS NCS CS NCS 
Design  ║ -- -- -- -- -- -- -- 
Site Selection 0.331 27 26 4.93 5.00 0.38 0.00 
Implementation 0.681 27 27 4.43 4.33 0.99 0.85 
Maintenance 0.414 27 27 4.37 4.10 1.16 0.97 
Overall 0.584 27 27 4.51 4.42 0.69 0.22 
* Sample size changes due to control for independence, † p-value < 0.05 indicates a statistically significant 
difference in quality, ‡CS = cost-shared practices, § NCS = non cost-shared practices,║ no design 
component for this category. 
 

Figure 4.42 shows the mean quality scores for the permanent vegetative cover 

indicator BMP category.  The error-bars indicate the 95 percent confidence interval.  The 

means are higher than the filter/buffer strips means as a whole, and are less variable.   
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Figure 4.42: Permanent vegetative cover indicator BMP category scoring 
summary. 

 
4.5.4 Hay/Pasture Indicator Best Management Practice Category 

 
The hay/pasture indicator BMP category consists of the following individual 

BMPs: animal waste storage facilities, grazing land protection systems, and loafing lot 

management systems.  Observations for this category were difficult to locate.  The dairy 

industry is losing popularity in the James River basin, which is an artifact of the current 

economic climate.  At least two of the dairymen interviewed during the BMP assessments 

were planning to sell their herd within a year.  Additionally, animal waste storage 

facilities require a large amount of capital for construction.  One new storage facility that 

was assessed was cost-shared for $50,000, the maximum payment allowed for an entire 

operation.  Non cost-share storage facilities are almost unheard of because of the cost.  

Loafing lots are also difficult to locate due to the diminishing dairy industry in the basin.  

Grazing land protection systems are relatively inexpensive to implement and easier to 

locate with a rising interest in beef production operations, but require a higher level of 

management when compared to whole-pasture grazing systems.   

Table 4.38 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality means ranged from 3.70 (maintenance) to 4.58 

(implementation).  Non cost-share quality means ranged from 3.16 (maintenance) to 5.00 
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(design and site selection).  The means did not follow the expected trend of cost-share 

quality means exceeding non cost-share quality means for the design, site selection, and 

implementation components.  Potential causes of this deviation from the expected trend 

are discussed in section 4.6. 

 
Table 4.38: Hay/pasture indicator BMP category scoring summary, revised weighting. 
  Sample Size* Mean Standard Deviation 
Quality Component p-value  † CS  ‡ NCS  § CS NCS CS NCS 
Design 0.378 5 1 4.57 5.00 0.39 0.00 
Site Selection 0.428 5 1 4.12 5.00 0.91 0.00 
Implementation 0.631 19 16 4.58 4.69 0.65 0.60 
Maintenance 0.245 19 16 3.70 3.16 1.19 1.53 
Overall 0.835 19 16 4.42 4.37 0.61 0.58 
* Sample size changes due to control for independence, † p-value < 0.05 indicates a statistically significant 
difference in quality, ‡CS = cost-shared practices, § NCS = non cost-shared practices. 
 

Figure 4.43 shows the mean quality scores for the hay/pasture indicator BMP 

category.  The error-bars indicate the 95 percent confidence interval.  The means are 

more variable as compared to the permanent vegetative cover indicator BMP category.  

The maintenance mean scores are lower for this indicator BMP category than for other 

indicator BMP categories. 
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Figure 4.43: Hay/pasture indicator BMP category scoring summary. 
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4.5.5 Cover Crops Indicator Best Management Practice Category 
 
The cover crops indicator BMP category consists of the following individual 

BMPs: late winter split application of nitrogen on small grains, protective cover for 

specialty crops, sidedress application on nitrogen on corn, small grain cover crops—

fertilized and harvested, and small grain cover crops—nutrient management.  

Observations for this category were somewhat difficult to locate.  While generally 

inexpensive practices, they are not implemented widely.  Most of the cover crops 

assessed were on the eastern side of the basin.  Also, this was the one category where 

cost-shared practices were more difficult to locate than non cost-shared practices.  It 

seemed as if many SWCDs concentrated financial assistance on more “permanent” 

practices likes stream fencing or alternative water systems rather than vegetative cover 

that is planted every year.   

Table 4.39 contains the revised quality scoring (revised weighting scheme) and 

statistical results.  Cost-share quality means ranged from 3.00 (design) to 5.00 (site 

selection).  Non cost-share quality means ranged from 3.48 (maintenance) to 4.45 

(implementation).  The means did not follow the expected trend of cost-share quality 

means exceeding non cost-share quality means for the design, implementation, and 

maintenance components, as well as the overall quality.  Potential causes of this deviation 

from the expected trend are discussed in the conclusion. 
 
Table 4.39: Cover crops indicator BMP category scoring summary, revised weighting. 
  Sample Size* Mean Standard Deviation 
Quality Component p-value  † CS  ‡ NCS§ CS NCS CS NCS 
Design 0.427 11 7 3.00 3.55 1.16 1.51 
Site Selection 0.207 8 18 5.00 4.25 0.00 1.61 
Implementation 0.387 10 24 4.18 4.45 0.78 0.86 
Maintenance 0.766 10 21 3.30 3.48 1.49 1.53 
Overall 0.550 10 24 3.95 4.10 0.66 0.70 
* Sample size changes due to control for independence, † p-value < 0.05 indicates a statistically significant 
difference in quality, ‡CS = cost-shared practices, § NCS = non cost-shared practices. 
 

Figure 4.44 shows the mean quality scores for cover crops indicator BMP 

category.  The error-bars indicate the 95 percent confidence interval.  The means are 

much more variable as compared to the stream protection and permanent vegetative 

indicator BMP categories.  The design and maintenance mean scores are lower for this 

category than what was observed for other categories, on average. 
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Figure 4.44: Cover crops indicator BMP category scoring summary. 
 
4.6 Cost-share Inferences  

 
Statistically significant differences in the quality of cost-share and non cost-share 

practices occurred twice in 45 total individual BMP and indicator BMP category analyses 

examining the effects of cost-share status on quality.  These significant differences 

occurred in the overall stream fencing quality, which followed the expected trend of cost-

share means being higher than non cost-share means, and in the filter/buffer strips 

indicator BMP category, which did not follow the expected trend.   Potentially significant 

differences occurred three times in 45 total individual BMP and indicator BMP category 

analyses examining the effects of cost-share status alone on quality.  These potential 

differences occurred in the maintenance component of alternative water systems, going 

against the expected trend, the design component of stream fencing, following the 

expected trend, and in the overall quality of the stream protection indicator BMP 

category, following the expected trend.  These values are summarized in table 4.40. 
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Table 4.40: Summary of statistically significant differences in quality. 
   Mean* 
BMP Quality Component  † p-value CS  ‡ NCS  §

4.68 Stream Fencing Overall 0.043 4.20 
3.88 Filter/buffer Strips Indicator BMP Category Implementation 0.026 3.35 
5.00 Alternative Water Systems Maintenance 0.061 4.21 

4.73 Stream Fencing Design 0.074 4.07 
4.57 Stream Protection Indicator BMP Category Overall 0.075 4.31 

* Bolded quality mean indicates higher value, † quality component that significant or potentially significant 
difference occurred in, ‡ cost-share, § non cost-share.        
  
 A readily visible quality x cost-share status trend among the statistically and 

potentially significant differences does not exist.  Cost-share means are greater than non 

cost-share means three times and non cost-share means are greater than cost-share means 

twice.     

There are several possible causes for deviations from the expected trend.  In the 

instances where non cost-share qualities exceeded cost-share qualities, the deviation may 

be a manifestation of the farm operators’ management system and work ethic.  Some 

farmers interviewed during the BMP assessment expressed a personal principle of not 

accepting money from the government.  Based on 150 non cost-share BMP assessments, 

it is felt that may be a greater personal and financial stake when a farmer uses their own 

money to implement BMPs.  It may be that cost-shared practices are not always 

implemented and maintained to their fullest potential because there is not such a strong 

sense of pride and personal stake in the practice.   

Non cost-share practices that scored equal to or greater than cost-shared practice 

may also be a testament to the efforts of DCR, Soil and Water Conservation District 

(SWCD), and Extension education and outreach efforts.  While money may not always 

be available for cost-share programs, educational projects focusing on conservation 

practices have reached the agricultural community and conservation practices are being 

implemented.  Despite these successes, the fact remains that many farmers implementing 

non cost-share practices did not know that cost-share assistance was available, or that 

design help is available for free.  It was observed that in many cases farmers had good 

intentions in implementing different BMPs, though the execution and outcome did not 

reach the same potential or quality that a cost-shared practice may have achieved.   

It was found in the span of over 300 assessments in the James River Basin that 

many practices were implemented without cost-share assistance because the standards 
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and guidelines were perceived by the farmer to be too stringent or impractical for the 

circumstance.  Based on extensive field observations, there are many DCR BMP cost-

share standards that have very little to do with actual BMP quality, as defined by the 

assessment tools, and these aspects can be unappealing to some farmers.  Nail length used 

in stream fencing construction is one example.  Even standards relating directly to quality 

may be unappealing or unattainable, depending on the situation.  An example of this is 

the minimum setback required for stream fencing.  A pasture that has multiple streams 

running through it may not be large enough to still be used as a grazing area after the 

prescribed setbacks for the fencing are applied.  So while the setback standard is 25 feet, 

a farmer may only be willing to give up 20 feet.  The choice then is to either dismiss the 

idea of implementing stream fencing altogether or to implement fencing with a setback of 

20 feet and without the utilization of cost-share assistance. 

 The net result of the differing factors listed above was that little statistically 

significant differences were confirmed.  Each of the factors may have balanced each 

other out, resulting in what appears to be no difference or only a slight difference in 

quality between cost-share and non cost-share practices.  Each factor needs to be 

examined more closely to determine its role in the quality of BMPs. 

 
4.7 Age of Practice Effects on Best Management Quality 
 

A two-way ANOVA test examined the effect of age of practice on practice 

quality.  Three age levels were used for this analysis, less than one year old (A), one to 

six years old (B), and greater than six years old (C).  Table 4.41 summarizes the numbers 

of practices assessed that fall into each age level. 

 
Table 4.41:  Age of practices assessed. 
 Number of Practices Assessed 

Cost-share Non Cost-share Total 
Less than one year old 114 18 132 
One to six years old 204 99 303 
Greater than six years old  78 141 219 
N/A* 69 192 261 

Practice Age 

* Age of practice data not available for these practices. 
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Of the practices assessed, only stream fencing and grazing land protection had 

sufficient sample sizes to perform the age of practice statistical analyses.  The numbers of 

practices per age level for these two practices is found in table 4.42. 

 
Table 4.42.  Stream fencing and grazing land protection systems age of practice summary. 
  Number of Practices Assessed 
Practice Practice Age Cost-share Non Cost-share Total 

Less than one year old 18 6 24 
One to six years old 21 18 39 Stream Fencing 
Greater than six years old  18 21 39 
Less than one year old 9 0 9 
One to six years old 30 15 45 Grazing Land Protection 

Systems Greater than six years old  6 30 36 
 

Although the null hypothesis was that age of practice would have no effect, it was 

thought that perhaps older practices may be of lower quality than practices implemented 

more recently.  The results of this test for stream fencing can be found in table 4.43.  This 

test suggests that age does not play a role in the quality of cost-share or non cost-share 

stream fencing practices.  No p-values were below the 0.05 level.    

 
Table 4.43: Age of practice effects on cost-share and non cost-share stream fencing quality. 
 Sample Size p-value 
Quality Component CS NCS Interaction* Slice by A† Slice by B‡ Slice by C§ 
Design 15 15 0.888 0.611 0.452 0.196 
Site Selection || 15 15 -- -- -- -- 
Implementation 15 15 0.609 0.517 0.433 0.785 
Maintenance 15 15 0.820 0.920 0.627 0.374 
Overall 15 15 0.754 0.893 0.337 0.169 
* p-value for cost-share status-practice age interaction alone, † p-value of cost-share status-practice age 
interaction sliced by practice age group A (< 1 year old), ‡ p-value of cost-share status-practice age 
interaction sliced by practice age group B (1 - 6 years old),§ p-value of cost-share status-practice age 
interaction sliced by practice age group C (> 6 years old), || site selection cost-share and non cost-share 
means equal five. 
 

The results of this test for grazing land protection systems can be found in table 

4.44.  This test suggests that age does not play a role in the quality of cost-share and non 

cost-share grazing land protection systems: the age of the fencing does not influence the 

quality of the cost-share or non cost-share grazing land protection systems.  No p-values 

were below the 0.05 level.    
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Table 4.44: Age of practice effects on cost-share and non cost-share grazing land protection systems 
quality. 
 Sample Size p-value 
Quality Component CS NCS Interaction* Slice by A† Slice by B‡ Slice by C§ 
Design|| -- -- -- -- -- -- 
Site Selection#  -- -- -- -- -- -- 
Implementation 15 15 0.740 -- 0.666 0.478 
Maintenance 15 15 0.474 -- 0.803 0.483 
Overall 15 15 0.551 -- 0.818 0.374 
* p-value for cost-share status-practice age interaction alone, † p-value of cost-share status-practice age 
interaction sliced by practice age group A (< 1 year old) no practices in this age group, ‡ p-value of cost-
share status-practice age interaction sliced by practice age group B (1 - 6 years old), § p-value of cost-share 
status-practice age interaction sliced by practice age group C (> 6 years old), || site selection means equal 
five, || no design component for this practice, # no site selection component for this practice. 

 
4.7.1 Inferences 

 
When possible, data were recorded regarding the age of the practice.  The age of 

practice has the potential to be used diagnostically to determine why differences in 

quality exist among certain practice populations.  For instance, the maintenance regimen 

may decrease or become more lax over the lifetime of a practice when BMPs often may 

need more attention as they grow older.  Also, when cost-shared practices exceed their 

contractual lifetime they are no longer subject to spot-checks.  Although compliance is no 

longer necessary, the practice may still be viable and should maintained.   

 It should also be noted that for some practices time is necessary for the practice to 

mature to its full effectiveness.  Grass filter strips, wooded buffers, and other permanent 

vegetative practices may have a lag time in which it may not be as effective or as high a 

quality until later.  Care was taken throughout assessment tool development to not 

penalize young practices in this manner (measures were taken to not penalize practices 

due to the season in which the assessment took place as well), but maintenance 

requirements do change over the lifetime of a practice and what may be of high quality at 

an early stage may decrease in quality later if maintenance procedures are not changed 

accordingly.  

 
4.8 Farm Size Effects on Best Management Practice Quality 

 
A two-way ANOVA test examined the effect of farm size on the quality of BMPs.  

Three size levels were used for this analysis, small (S), medium (M), and large (L).  
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Table 4.45 summarizes the numbers of practices assessed falling under each farm size 

level. 

 
Table 4.45: Farm sizes for practices assessed. 
 Number of Practices Assessed 
Farm Size Cost-share Non Cost-share Total 
Small 177 207 384 
Medium 109 126 235 
Large 179 117 296 

 
The null hypothesis was that farm size would have no effect on practice quality.  

The results of this test can be found in table 4.46.  The result of this test suggests that 

farm size does not play a role in the quality of cost-share and non cost-share practices.  

No p-values were below the 0.05 level.  However, the p-value for the maintenance 

component was 0.061, significantly closer to the 0.05 level than the other p-values.  

While no difference was found, the comparatively low maintenance component p-value 

implies the potential for a statistically significant difference in practice maintenance 

between cost share groups.   As computed by SAS (SAS, version 8.2, 2001), the 

maintenance quality component mean for cost-shared practices on medium sized farms 

was 3.75 while the maintenance quality component mean for non cost-share practices on 

medium farms was 4.57. 

 
Table 4.46: Farm size effects on BMP quality. 
 Sample Size* p-value 
Quality Component CS NCS Interaction† Slice by S‡ Slice by M§ Slice by L || 
Design 43 37 0.533 0.484 0.451 0.494 
Site Selection 63 53 0.206 0.115 0.353 0.606 
Implementation 65 63 0.907 0.213 0.274 0.612 
Maintenance# 59 62 0.061 0.964 0.082 0.107 
Overall 65 63 0.435 0.986 0.264 0.503 
* Sample size changes due to available data for each component and from controlling for independence,  
† p-value for cost-share status-practice age interaction alone, ‡ p-value of cost-share status-practice age 
interaction sliced by farm size S (small), § p-value of cost-share status-practice age interaction sliced by 
farm size M (medium), || p-value of cost-share status-practice age interaction sliced by farm size L (large), 
# potentially significant difference between cost-share and non cost-share practices for this component. 
 

4.8.1 Inferences 
 

Farm size was recorded for each practice.  The farm sizes were determined in 

relation to each other, not a particular acreage or income.  Size can both help and hurt the 

quality of the practices implemented.  A large farm may have more money to spend on 
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non cost-share practices than a small farm.  Larger farms may be managed better than 

small farms, or conversely, a large farm may be larger than the management available to 

oversee its operations and practices.   

 
4.9 Soil and Water Conservation District Effects on Best Management Practice 

Quality 
 

Thirteen SWCDs were visited during the assessment process.  Table 4.47 

summarizes the number of practices assessed in each district. 

 
Table 4.47: Practices assessed in James River Basin Soil and Water Conservation Districts. 
 Number of Practices Assessed 

Soil and Water Conservation District Cost-share Non cost-share Total 

Colonial 2 8 10 

Culpeper 10 11 21 

James River 3 0 3 

Monacan 14 27 41 

Mountain 18 6 24 

Mountain Castles 16 1 17 

Natural Bridge 8 6 14 

Peanut 17 34 51 

Peaks of Otter 11 3 14 

Peter Francisco 23 15 38 

Piedmont 10 8 18 

Robert E. Lee 11 10 21 

Thomas Jefferson 12 21 33 

 
A two-way ANOVA test examined the effect of SWCD on the quality of BMPs.  

Differences in cost-share funding availability, geographic location, or a combination of 

the two factors may create differences in BMP quality between SWCDs.  The null 

hypothesis was that district would have no effect on the quality of cost-share and non 

cost-share practices.  A summary of the statistically significant results of this test can be 

found in table 4.48.   The results of this test suggest that in the Robert E. Lee SWCD, a 

statistically significant difference in design quality exists between cost-share and non 

cost-share practice.   The p-value for this analysis is 0.048.  As computed by SAS (SAS, 

version 8.2, 2001), the design quality component mean for cost-share practices in the 
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Robert E. Lee SWCD was 4.21 while the design quality component mean for non cost-

share practices in the same district was 2.94.  Additionally, the p-value for the 

implementation quality component in the Mountain SWCD is 0.069.  While above the 

0.05 level, this p-value is appreciably less than other p-values.  While no difference was 

found, the comparatively low maintenance component p-value implies the potential for a 

statistically significant difference in practice maintenance between cost share groups.  

The implementation quality component mean for cost-share practices in the Mountain 

SWCD was 4.09 while the implementation quality component mean for non cost-share 

practices in the same district was 5.00.  No other statistically significant or potentially 

statistically significant differences were detected. 

 
Table 4.48: SWCD effects on BMP quality. 
 Sample Size* p-value  
Quality Component CS NCS Interaction† Slice by District‡ 
Designa 43 37 0.626 0.048 (Robert E. Lee) 
Site Selection§ 63 53 0.917 -- 
Implementationb 65 63 0.900 0.069 (Mountain) 
Maintenance║ 59 62 0.417 -- 
Overall# 65 63 0.942 -- 
* Sample size changes due to available data for each component and from controlling for 
independence, † p-value for cost-share status-district interaction alone, ‡ p-value of cost-
share status-practice age interaction sliced by district, a = statistically significant difference 
in quality between cost-share and non cost-share practices for the Robert E. Lee SWCD in 
the design quality component, § no statistically significant results to report for the site 
selection component, b = potential statistically significant difference in quality between 
cost-share and non cost-share practices for the Mountain SWCD,║no statistically 
significant results to report for the maintenance component, # no statistically significant 
results to report for the overall quality. 
 
4.9.1 Inferences 
 
 Thirteen SWCDs were visited for this project.  In terms of numbers of cost-shared 

and non cost-shared practices implemented throughout the basin, geography played an 

important role.  Best management practices are not evenly distributed throughout the 

state.  Some practices are more prevalent in certain areas that are more suited to one kind 

of agricultural process than others.  Cover crops were greatly concentrated on the eastern 

side of the James River Basin and rarely used in other areas of the basin. 

Districts do not receive the same amount of funds for cost-share programs and in 

recent budget cuts are receiving less money than ever that can be devoted to BMP 

programs.  Depending on the percentage of impaired waterways; percentage of the James 
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River Basin in the district; and the availability of county, local, and private funds many 

districts have a great deal more money for cost-sharing, education, and outreach than 

others.  Additionally, unstable financial times have led to a high turnover rate of 

personnel within districts, primarily in the district conservationist positions.  Of the 11 

SWCDs visited, only two districts had district conservationists that had been in the 

position for more than four years.  Two SWCD conservationists were contacted regarding 

this project on their first day of work.  New personnel may not have the repertoire or the 

local knowledge required to establish good relationships with farmers in the area.  High 

turnover employment rates may also lead to a lower sense of pride in work, which can be 

revealed in careless spot-checks or not adhering to standards properly.  

As development continues to hedge out agriculture, many SWCDs have 

experienced a shift towards a focus on erosion and sediment control relating to 

construction rather than agricultural conservation practices.  With less time to devote to 

agricultural issues, less attention is given to encourage the continued adoption of certain 

BMPs.   

Some SWCD conservationists have personal preferences over the practices that 

are implemented in their districts.  This may be due to their particular educational or 

career experiences or due to individual beliefs regarding the effectiveness of certain 

practices.  In at least one SWCD, this was found to be the case and only structural 

practices were approved for cost-share, while vegetative practices were only considered 

with remaining cost-share funds. 

 The influence of SWCDs over the quality of BMPs should be investigated further, 

particularly when some cost-share practices clearly do not meet the design criteria as set 

forth by the DCR. 

 
4.10 Summary 

 
Statistically significant differences in the quality of cost-share and non cost-share 

practices occurred twice in 45 total individual BMP and indicator BMP category analyses 

examining the effects of cost-share status on quality.  These significant differences 

occurred in the overall stream fencing quality (p-value = 0.043, cost-share mean = 4.68, 

and non cost-share mean = 4.20) and in the filter/buffer strips indicator BMP category (p-
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value = 0.026, cost-share mean = 3.35, and non cost-share mean = 3.88).  Potentially 

significant differences occurred three times in 45 total individual BMP and indicator 

BMP category analyses examining the effects of cost-share status alone on quality.  

These potential differences occurred in the maintenance component of alternative water 

systems (p-value = 0.0661, cost-share mean = 4.21, and non cost-share mean = 5.00), the 

design component of stream fencing (p-value = 0.074, cost-share mean = 4.73, and non 

cost-share mean = 4.07), and in the overall quality of the stream protection indicator 

BMP category (p value = 0.075, cost-share mean = 4.57, and non cost-share mean = 

4.31).   

 A readily visible trend of quality x cost-share status among the statistically and 

potentially significant differences does not exist.  Cost-share means are greater than non 

cost-share means three times and non cost-share means are greater than cost-share means 

twice.     

 Analyses to determine the effect of age of practice and farm size resulted in no 

statistically significant differences or potentially significant differences.  The effect of 

district on quality indicated that in the Robert E. Lee SWCD (p-value = 0.048), cost-share 

designs (mean = 4.21) are of higher quality than non cost-share designs (mean = 2.94).  

In the Mountain SWCD (p-value = 0.069), no difference was found, although the 

comparatively low maintenance p-value implies the potential for a statistically significant 

difference in practice maintenance between cost-share practices (mean = 4.09) and non 

cost-share practices (mean = 5.00). 

The lack of strong statistically significant differences in quality between cost-

share and non cost-share practices can be attributed to any one or combination of the 

following three suppositions: 

1.   there is no statistically significant difference in quality between cost-share and 
non cost-share practices in the James River basin, 

2.   the assessment tools are not sensitive to the differences in quality between 
cost-share and non cost-share practices in the James River basin, or 

3.   variability among practices is so large that it is masking differences in quality 
between cost-share and non cost-share practices.   

 
Each supposition has its own set of implications.   
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 If no statistically significant difference in quality exists between cost-share and 

non cost-share practices, then cost-share and non cost-share practices should be treated 

equally when accounting for BMPs in NPS computer modeling, watershed management, 

and policy.     

If the assessment tools are not sensitive enough to detect differences in quality 

between cost-share and non cost-share practices, the results of this research are 

inconclusive.  Further tool development and sensitivity analysis are required to move 

forward with future BMP assessments of quality. 

If variability among practices is masking the differences in quality between cost-

share and non cost-share practices, the results of this research are inconclusive.  Efforts 

must be taken in future assessments to further refine the tools to account for causes of 

variability, which may include but are not limited to, age of practice, farm size, SWCD, 

who designed and approved the practice (SWCD, NRCS, extension personnel, operator, 

etc.), and operators’ attitudes towards conservation efforts.  Sources of variability maybe 

used as blocking factors in statistical analyses to remove their effects on the quality 

scores. 

Based on my observations during the assessment process, I feel that the cost-share 

and non cost-share practices are of roughly the same quality, overall.  For every non cost-

share practice that went above and beyond the standards and requirements to be of good 

quality there was a cost-share practice of relatively low quality, and vice versa.  When 

non cost-share practices did not have good quality scores (four or better), I feel that 

usually design assistance could have corrected the problems and the practice would have 

been of higher quality.     

It is also important to keep in mind that the quantification of BMP quality only 

evaluates a portion of the overall success of a BMP system in reducing NPS pollution 

(Strecker et al., 2001).  Acceptability by society and implementation by farmers are also 

important.  The Rural Clean Water Program results suggest that the most “effective” 

BMPs are the ones that a farmer is likely to maintain in the absence of cost-share funds 

(Logan, 1990).  Society as a whole, especially the agricultural community, must be 

convinced that there is an agriculturally created water quality problem (Watson et al., 

1994).  Consumers, community members, regulatory agencies, private environmental 
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organizations, and the farmers must feel confident that their concerns are being resolved 

with BMPs, otherwise the farmers are less likely to implement other BMPs in the future.  

Explicit water quality goals, guidelines, standards, and compliance rules are required.  It 

is meaningful to bear in mind that “best management systems” lead to a more sustainable 

agricultural system and that “the primary objective is to provide an economical, safe 

supply of a high quality food and fiber with adequate and responsible protection of the 

environment” (Kincheloe, 1994). 
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CHAPTER 5 -  CONCLUSIONS 

 

Assessment tools were developed to quantify the quality of agricultural best 

management practices (BMPs) in an inexpensive, fast method.  BMP quality was defined 

as the adherence to design, site selection, implementation, and maintenance criteria 

relating to water quality as specified by state and federal agencies promoting BMP 

implementation.  The two objectives of this study were to: 

 
1. develop a set of assessment tools to quantify the quality of agricultural best 

management practices in a rapid low-cost manner, and 
2. test the tools and determine if differences in quality exist between cost-share 

and non cost-share BMPs in the James River Basin of Virginia.   
 

5.1 Assessment Tool Development 
 

Assessment tools were developed for sixteen practices: alternative water systems, 

stream fencing, streambank stabilization, grass filter strips, wooded buffers, permanent 

vegetative cover on critically eroding areas, permanent vegetative cover on erodible 

cropland, reforestation of erodible crop and pasture land, animal waste storage facilities, 

grazing land protection systems, loafing lot management systems, late winter split 

application of nitrogen on small grains, protective cover for specialty crops, sidedress 

application of nitrogen on corn, small grain cover crops—fertilized and harvested, and 

small grain cover crops for nutrient management. 

Assessment tool development involved an iterative process that included input 

from a research team (university-based researchers) and an expert team (public and 

private sector professionals and practitioners responsible to BMP design and assessment).  

Assessment tools were developed using both Virginia BMP standards and expert 

knowledge.  Virginia Department of Recreation and Conservation (DCR) and Virginia 

and national Natural Resource Conservation Service (NRCS) BMP standards were 

collected and sorted into the four quality component categories that define BMP quality; 

design, site selection, implementation, and maintenance.  Standards that pertained 

directly to a BMPs’ potential to protect water quality were translated into question 

format.  Multiple-choice or yes/no questions were used as often as possible to avoid 
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potential bias and for ease of processing.  Best management practice quality component 

and overall quality scores were based on five-point scale, with one being the lowest 

quality score and five as the highest.  The assessment tools were loaded onto a personal 

digital assistant (PDA), which facilitated data collection and eliminated the need for data 

transcription.  Data collected on the PDA were uploaded periodically to a computer 

database for data storage and calculation of quality scores.   

In order to meet the goal set forth in Objective 1, the assessment tools underwent 

a final revision after the assessments had been completed.  This final iteration utilized the 

experience gained in the field and the input from farmers and Soil and Water 

Conservation (SWCD) and Extension personnel in order to make a robust set of 

assessment tools. 

 
5.2 Factors Influencing Best Management Practice Quality 
5.2.1 Cost-share Status Comparisons 

One hundred and fifty-five cost-shared BMPs and 150 non cost-shared BMPs 

were assessed on 128 independent farms in the James River Basin of Virginia over a 

four-month period in 2003.  The assessments gathered the data required to meet the goals 

set forth in Objective 2.   

The null hypothesis stated that the quality of the cost-share practices would equal 

the quality of the non cost-share practices.   If the null hypothesis was rejected it was 

expected that the quality of cost-share practices would be higher than the quality of non 

cost-share practices.  This conjectured trend was based on the idea that cost-shared 

practices are required to follow Virginia Department of Conservation and Recreation 

(DCR) standards and are subject to spot-checks by state personnel while non cost-share 

practices are not obliged to follow any standards or guidelines and are not subject to spot-

checks.   

The null hypothesis was fully rejected in only two instances.  In one instance, 

stream fencing, the overall quality for the cost-share practices was greater than the overall 

quality for the non cost-share practices, following the expected trend.  In the other 

instance, filter/buffer strips indicator BMP category, the non cost-share implementation 

quality component mean was greater than the cost-share implementation quality 

component, deviating from the expected trend.   
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The null hypothesis was not rejected in all other instances (43 times) but three 

times the p-value was low enough, less than 0.075, that it was considered noteworthy.  In 

the first instance, alternative water systems, the non cost-share maintenance quality 

component mean scored higher than the cost-share maintenance quality component mean, 

deviating from the expected trend.  In the second instance, for the individual BMP 

analysis of stream fencing, the cost-share design quality component mean scored higher 

than the non cost-share design quality component mean, following the expected trend.  

The third instance, in the stream protection indicator BMP category, followed the 

expected trend.  The overall quality of cost-share practices was higher than the overall 

quality of non cost-share practices. 

Overall, the quality of the cost-share and non cost-share practices assessed were 

roughly equal.  An identifiable trend of cost-share status and quality was not readily 

visible from the data, and any statistically significant differences that existed balanced 

each other out, and this is consistent with the observations of the practices assessed.   

 
5.2.2 Practice Age 
 

The null hypothesis stated that the quality of the cost-share practices would equal 

the quality of the non cost-share practices for all practice ages.   If the null hypothesis 

was rejected it was expected that the quality of cost-shared practices implemented 

recently would be of higher quality than older non cost-shared practices.  This 

conjectured trend was based on the idea that older practices are more susceptible to 

maintenance problems and require more attention than comparable practices 

implemented more recently.   

The null hypothesis was not rejected ten times (out of ten) for the two individual 

BMPs that were analyzed for the effects of age of practice on quality.  These practices 

were stream fencing and grazing land protection, the only two practices with adequate 

sample size for the required power.  No statistically significant differences were found 

between any of the three practice age groups (less than one year old, one to six years old, 

greater than six years old) for either cost-share status group. 
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5.2.3 Farm Size 
 

The null hypothesis stated that the quality of the cost-share practices would equal 

the quality of the non cost-share practices for all farm sizes.   It was expected that the null 

hypothesis would be accepted in all cases. 

The null hypothesis was not rejected for any quality components and overall 

quality scores.  The analysis was conducted over the entire independent data set.  In one 

instance where the null hypothesis was accepted the p-value for the interaction of cost-

share x farm size was significantly closer to the 0.05 than the other p-values (p-value = 

0.061).   This occurred for medium farms (p-value =0.082) and the non cost-shared 

practices had a higher quality than their cost-shared counterparts.  While the association 

was very weak, it was worth noting. 

 
5.2.4 Soil and Water Conservation District 
 

The null hypothesis stated that the quality of the cost-share practices would equal 

the quality of the non cost-share practices for all SWCDs.  Differences in quality between 

SWCDs could be due to varying funding availability, geographic location, or a 

combination of the two factors.  It was expected that the null hypothesis would be 

accepted in all cases.   

The null hypothesis was rejected in one SWCD.  In the Robert E. Lee SWCD 

where the design quality component score was greater for the cost-share practices than 

the non cost-shared practices (p-value = 0.047).  No observations were made that can 

explain the cause for this difference in design qualities in the Robert E. Lee district.  The 

null hypothesis was not rejected in all other districts, but the p-value for the Mountain 

SWCD, while greater than 0.05, was appreciably lower than other p-values (p-value = 

0.069) for the implementation quality component.  In this district non cost-share practices 

had a higher implementation quality component mean than their cost-share counterparts.  

Again, no observations were made that can explain for this difference in implementation 

qualities 
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5.3 Recommendations for Future Research 
5.3.1 Wider-scale Testing and Revision 
 Wider-scale testing of the assessment tools should occur.  This was a pilot project, 

and the tools should be applied again to continue to test and assess BMPs.  Larger sample 

sizes with more in-depth statistical analyses may reveal more or different conclusions 

than this study.  

With the wider scale testing, the assessment tools should undergo continued 

revisions using additional standards and guidelines with respect to water quality, expert 

knowledge, and field experience.  Many of the tools underwent significant revision after 

the fieldwork was completed in order to reflect the knowledge gained working with the 

farmers and different SWCD and Extension personnel.  Certain BMP standard 

specifications (i.e., 25-foot fencing setbacks from streams, minimum number of paddocks 

required for grazing land protection systems, etc.) standards should be examined to 

determine how the standards were developed and why.  New BMP standard 

specifications should be integrated into the assessment tools.  Certain specifications used 

in the assessment tools but not found in BMP standards should be considered for use as 

standard specifications, such as setbacks for alternative water systems.   

Sensitivity analyses should be performed on the assessment tools.  One sensitivity 

analysis should look at if the tools are sensitive to the assessor.  Several assessors should 

use the tools on the same practices and a comparison on how the practices score could 

examine if assessor-based bias may be a factor in future studies, or how to eliminate 

assessor-based bias through continued tool revisions.  A different sensitivity analysis 

should be performed to reveal if the assessment tools are sensitive enough to detect 

differences in quality, and if they are not the analysis may reveal how to rectify that. 

 The application of the assessment tools in other states and provinces should be 

attempted.  While the tools were developed using Virginia standards, only those 

standards relating to quality were incorporated.  Other regions may have higher levels of 

standards and the assessment tools should be altered to reflect these.   

When the tools are used in new regions a group of local experts and farmers 

should review them first to resolve any colloquial terminology or differences in 

nomenclature and changes made accordingly.  Different regions may have varying or 
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innovative maintenance methodologies; these are not necessarily wrong if they are not 

currently included in the assessment tools, just different or new.   

 
5.3.2 Best Management Practice Adoption and Tracking 
 
 Efforts should be made to continue the encouragement of BMP adoption.  Best 

management practices are effective conservation efforts and good agronomical efforts as 

well.   

 Better systems should be put in place to track non cost-share practices.  A great 

number of non cost-share practices are in existence, but are extremely hard to locate.  

Non cost-share practices cannot be assessed if they cannot be located.  Often farms that 

implement non cost-share practices are not involved with SWCDs on a regular basis or 

take advantage of opportunities through county extension offices.  A greater effort to 

reach out to these farmers, to continue to educate the entire agricultural community and 

encourage BMP adoption, needs to be made.  Both non cost-share and cost-share 

practices should be tracked in statewide databases.  This was a state-funded research 

project, yet the state of Virginia has no database tracking BMPs on this level.  The 

assessment tools developed as a part of this study can potentially be applied to determine 

the quality of BMPs on basin or state-wide scales to give policy makers a better 

understanding of the practices and populations that the policies are created for. 

Knowing the number and distribution of all BMPs implemented will have positive 

affects on conservation policy and the use of more accurate BMP counts in watershed 

management.  In particular, nonpoint source (NPS) pollution computer models for the 

Chesapeake Bay do not include non cost-share practices.  Only cost-shared BMPs are 

included in the model, regardless of their actual quality (or performance), which 

overestimates the degree of NPS attributable to agriculture.  With more accurate numbers 

of practices and quality known, it will be possible to update Chesapeake Bay and other 

models to reflect actual activities in watershed management efforts.   

 Additionally, BMP perception is also important.  Sites for this study were chosen 

from respondents to a 1994 survey.  The practices that were self-reported in the 1994 

survey often did not match the practices that were assessed.  This was due to varying 
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definitions of the different BMPs.  Future surveys and assessments should include clear 

definitions for each practice being studied.   

 
5.3.3 Diagnostic Tools 

 
The results of BMP assessments should be made available to SWCD personnel, 

extension agents, and to the farmers in order to improve the quality of BMPs.  The tools 

can be used in a Farm-a-Syst or Home-a-Syst type manner to assess BMPs and 

potentially detect how BMPs can be improved to increase its quality.  

 
5.3.4 Correlate BMP Quality Scores to BMP Performance 

 
The ultimate goal of this research is to provide the first steps leading to a 

correlation between BMP quality scores and BMP performance, as determined by water 

quality monitoring.  Water monitoring studies are time consuming and expensive 

endeavors.  If a positive robust relationship between quality and performance can be 

established, fewer resources will be required to evaluate the effectiveness of BMP 

programs.  Water quality monitoring should be tied to water quality assessment scores in 

paired studies and a mathematical relationship determined.   

 
5.4 Implications 

 
The statistically significant differences that were detected do not establish a clear 

trend, it appears that for the BMPs assessed in the James River Basin the qualities of 

cost-share and non cost-share practices are roughly equal.  The fact that cost-share 

practices and non cost-share practices do appear to be roughly equal may be the result of 

education and outreach programs sponsored by Virginia’s SWCDs and Virginia 

Cooperative Extension.  Non cost-share practices may be of equal quality to cost-share 

practices because those implementing BMPs without the benefit of cost-share may have a 

greater stake (both financial and personal) in those practices performing well.   

The results of this research and recommendations for future research relating to 

this research have many implications.  First, the assessment tools offer a new method of 

quantifying BMP quality.  If a correlation between quality scores and performance data is 
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made, then the relative low expense and rapid results from using the tools may replace 

water quality monitoring for some cases.   

The assessment tools may be used to update computer models for NPS pollution 

and BMPs.  The data collected for this project can specifically be used to improve the 

Chesapeake Bay modeling to include a greater number of BMPs in the Bay basin.  

Improved models may be able to show the difference in NPS pollutant loadings to the 

Bay over time and how they change with differing numbers and qualities of BMPs.   

The tools may be used to gain a greater understanding of all the BMPs present in 

a geographic area, in terms of numbers and quality.  With a better understanding of the 

numbers and quality of BMPs in an area and an improvement of computer modeling, 

policy changes may occur.  While this study showed that cost-share and non cost-share 

BMP qualities are roughly equal, this may not be the case everywhere.  Funds may be 

increased or decreased depending on the policy-makers interpretation of the assessment 

results.   

The assessment tools can be used for agricultural education purposes.  

Educational and outreach programs may be tailored differently in the future to target 

either the farmers largely implementing cost-share practices or non cost-share practices, 

depending on the outcome the program leaders would like to see.  The assessment tools 

can be used as instruments in state cost-share spot-checks as well as diagnostic 

instruments in determining how BMP quality can be improved. 

If no statistically significant difference in quality exists between cost-share and 

non cost-share practices, then non cost-share practices should be treated equally when 

accounting for BMPs in NPS pollution in watershed management and computer 

modeling.  Currently, only cost-share practices are included in computer models, in part 

because these are the only practices currently tracked by the current BMP establishment 

infrastructure.  Estimating the numbers and distribution of non cost-share practices and 

incorporating them into NPS water quality modeling efforts will more accurately reflect 

the steps agricultural producers have and are taking to decrease the amount of NPS 

pollution reaching water bodies.  Additionally, policy regarding NPS pollution and BMPs 

should reflect the apparent equal qualities of cost-share and non cost-share practices.   
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APPENDIX A - ORIGINAL ASSESSMENT TOOLS 
 
A.1 Alternative Water System Assessment Tool - Original 
 
Standards:  DCR # SL-6B, NRCS 528A Prescribed Grazing, 382 Fence, 512 Pasture and 
Hayland Planting, 574 Spring Development, 614 Watering Facility, 472 Use Exclusion, 
642 Well, 580 Streambank and Shoreline Protection, 378 Pond, 516 Pipeline  
  
Definition:  A structural practice to provide watering facilities for livestock to reduce or 
eliminate the need for livestock to access streams, reducing erosion and livestock waste 
reaching the stream. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1. (Interview) Is the water supply system portable? 

A. Yes  
B. No 

 
In2. (Interview) What kind of alternative water system do you operate? 

A. Wells  
B. Artesian well 
C. Springs or seeps  
D. Dugouts, dams, pits, or ponds  
E. Storage facilities  
F. Cistern, roof collection, other artificial watersheds 
G. Other 

 
In3. (Interview) When did you implement the alternative water system? 

A. Within the past year 
B. 1-3 years ago 
C. 4-6 years ago 
D. 7-9 years ago 
E. ≥ 10 years ago 
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Ds1. (Interview) Is your water source (well, stream, pond, etc) adequate? 
 A.  Yes (5) 
 B.   No (1) 
 
Ss1.  (Interview) Is the alternative water system located in: 

A. Pasture land bordering a flowing stream (5) 
B. Pasture land bordering a Chesapeake Bay Preservation Act Resource 

Protection Area (5) 
C. Pasture land bordering environmentally sensitive areas such as seeps, ponds, 

wetlands, sinkholes, etc. (5) 
D. None of the above (1) 

 
Ss2.  (Interview) Are water sources for watering system safe distances away from 

potential sources of pollution?  
A. Yes (5) 
B. No (1) 

 
Im1.  (Interview) Is the primary use of the watering system for livestock? 

A. Yes (5) 
B. No (1) 

 
Ds2.  Are pastures evenly grazed (no spot or selective grazing)? 

A. Yes (5) 
B. No  (1) 

 
Ds3.  Is the drinking area free of shaded areas? 

A. Yes (5) 
B. No  (1) 

 
Im2.  Is the site well drained? 

A. Yes (5) 
B. No (1) 

 
Im3.  Are areas adjacent to the drinking area graveled, paved, or otherwise treated to 

provide firm footing and reduce erosion? 
A. Yes (5) 
B. No (1) 

 
Im4.  Are pipes and valves protected from hazards?  (Traffic, farm operations, freezing 

temperatures, fire, thermal expansion and contraction) 
A. Yes (5) 
B. No (1) 
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Im5. (*2) Is the watering facility full? 
A. Full (5) 
B. Half-full (3) 
C. Less than half-full (1) 

 
Im6. (*2) Are livestock restricted from the stream? 

A. Yes (5) 
B. No (1) 

 
Ma1. Is the drinking area free of excessive debris, algae, sludge or other materials? 

A. Yes (5) 
B. No (1) 
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A.2 
 

Stream Fencing Assessment Tool - Original 

Standards:  DCR # WP-2, NRCS 382 Fencing, 472 Use Exclusion 
 
Definition:  Protection by fencing along streams to reduce erosion, sedimentation, and the 
pollution of water from agricultural nonpoint sources.   
 
Category 
This BMP is implemented with: 

A. 
B. 

 

Financial assistance 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) When was the barrier (fence) erected? 

A. Within the past year 
B. 1-3 years ago 
C. 4-6 years ago 
D. 7-10 years ago 
E. > 10 years ago 

 
In2.  (Interview) Do you control the land on both sides of the stream? 

A. Yes 
B. No 

 
In3.  (Interview) Do livestock graze on both sides of the stream? 

A. Yes 
B. No 

 
Ss1.  (Interview) Is the purpose of the fence to restrict livestock access to the stream?   

A. Yes (5) 
B. No (1) 

 
Ma1.  (Interview) How often do you inspect your fences? 

A. As needed (5)  
B. Once a year (3)  
C. Never (1) 
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In4.  Kind of barrier (fence): 
A. Non-electric standard woven wire 
B. Barbed wire 
C. High tensile electric wire 
D. High tensile non-electric 
E. Wooden board 
F. Boulders/earth fill 
G. Other (specify) 

 
Ds1.  Distance from stream to barrier (fence) is: 

A. ≥ 25 feet (5) 
B. 11-24 feet (3) 
C. < 10 feet (1) 

  
Ds2. (*2) Is there adequate vegetation between the fence and the stream to serve as an 

effective filter strip? 
A. Yes (5) 
B. No (1) 

 
Ds3. (*2) Are livestock restricted from the stream on both sides? 

A. Yes (5) 
B. No (1) 

 
Im1.  Are protected stream crossings available? 

A. Not needed (5) 
B. Yes (5) 
C. No (1) 

 
Im2.  Is shade provided to the livestock (may be portable)? 

A. Yes (5) 
B. No (1) 

 
Im3.  Are alternative water sources available to livestock? 

A. Yes (5) 
B. No (1) 

 
Ma2. (*2) What evidence exists of worn or damaged fence near stream access points? 

A. 0%: No wear or damage (5)  
B. < 10%: Little wear or damage (leaning posts, sagging wires) (4) 
C. 10-20%: Moderate wear or damage (a few broken posts, missing wires, or   

boards) (3) 
D. > 20%: Extensive wear or damage (several broken posts, missing wires, or    

boards) (2) 
E. Gaps large enough for animals to fit through (1)  
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A.3 Streambank Stabilization Assessment Tool - Original 
 
Standards:  DCR # WP-2A, NRCS Standard 342 Critical Area Planting, 472 Livestock 
Exclusion, 475 Animal Trail and Walkways, 580 Streambank and Shoreline Protection, 
612 Tree Planting 
 
Definition:  Protection methods along streams to reduce erosion, sedimentation and the 
pollution of water from agricultural nonpoint sources.   
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) How long has the streambank been protected under this BMP? 

A. < 1 year 
B. 1-2 years 
C. 3-4 years 
D. ≥ 5 years 

 
In2.  (Interview) Were wildlife and environmental considerations taken? 

A. Yes 
B. No 

 
Ds1.  Are stabilized areas adequately bonded to existing measures or otherwise 

stabilized? 
A. Yes (5) 
B. No (1) 

 
Ds2.  Are bank or shoreline materials installed on stable slopes? 

A. Yes (5) 
B. No, vertical side slopes present (1) 
C. No, undercutting occurring (1) 

 
Ds3.  Are revetments, bulkheads, or groins lower than 3 feet (1 meter) above mean high 

tide, or mean high water in non-tidal areas?  
A. Yes (5) 
B. No (1) 
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Ds4.  Is the area free of scour between the structure and the streambank? 
A. Yes (5) 
B. No (1) 

  
Ds5.  Is the channel and toe of slope free of scouring? 

A. Yes (5) 
B. No (1) 

 
Ds6. (*2) Are hardened accesses and livestock crossings present? 

A. No, animals not present (5) 
B. Yes, animals present (5) 
C. No, animals present (1) 

 
Ds7.  Are upgradient animal walkways a minimum of 25 feet from waterways? 

A. No walkways present (5) 
B. Yes (5) 
C. No (1) 

 
Ds8. (*2) Is there a filter strip between the walkway and the waterway? 

A. No walkways present (5) 
B. Yes (5) 
C. No (1) 

 
Im1. (*2) Is the streambank free of concentrated flow coming into the stream via 

sideslopes? 
A. Yes (5) 
B. No, rills present (3) 
C. No, gullies present (1) 

 
Im2.  Is the area downstream from the stabilized area free from increased channel scour? 

A. Yes (5) 
B. No (1) 

 
Im3.  Does the stream have unlimited access to the floodplain? 

A. Yes (5) 
B. No (dikes, walls, etc. present) (1) 

 
Ma1.  Is the area free of planting failures, need for remulching, or reseeding? 

A. Yes (5) 
B. No (1) 
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A.4 Grass Filter Strip Assessment Tool - Original 
 
Standards:  DCR # WQ-1, NRCS 393 Filter Strip, Virginia Agricultural BMP Manual 
 
Definition:  Vegetative buffers to filter runoff, anchor soil particles, and protect banks 
against scour and erosion, as a last line of defense against pollutants from cropland or 
animal holding areas.  May also serve as a Zone 3 for riparian buffers. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1. (Interview) Have you installed additional or other practices to enhance the 

functionality of the filter strip (berms to form lanes of flow, etc)? 
 A.  Yes 

A. Yes 

 B.   No 
 
In2.  (Interview) What is the filter strip protecting? 

A. Intermittent waterway 
B. Permanent waterway 
C. Open sink hole 
D. Abandoned well 
E. Chesapeake Bay Preservation Act Resource Protection Area 
F. Other 

 
In3.  (Interview) What is your typical crop rotation? 
 
In4.  (Interview) Do you control both sides of the waterbody? 

A. Yes 
B. No 

 
In5.  (Interview) Do you fertilize the filter strip? 

B. No 
 
In6.  (Interview) Do you control undesirable species in the filter strip with herbicides or 

by any other method? 
A. Yes  
B. No 
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In7.  (Interview) Is wildlife habitat a consideration? 
A. Yes 
B. No 

 

Ma3.  (Interview) How often is the filter strip repaired (regraded, reseeded)? 

Ma1.  (Interview) How often are plant tissues removed? 
A. Multiple times a year (5) 
B. Annually (5) 
C. Less frequently than annually (3) 
D. Never (1) 

 
Ma2.  (Interview) How often are filter strips inspected? 

A. Multiple times a year, after flooding (5) 
B. Annually (5) 
C. Less frequently than annually (5) 
D. Never (1) 

  

A. As needed (5) 
B. Less frequently than annually (3) 
C. Never (1) 

 
In8.  The filter strip is comprised of: 

K. Tall fescue  
L. Switchgrass – Blackwell 
M. Switchgrass – Kanlo 
N. Native Warm Season Grass – Atlantic Coastal Panicgrass 
O. Native Warm Season Grass – Big Bluestem 
P. Native Warm Season Grass – Little Bluestem 
Q. Native Warm Season Grass – Indiangrass 
R. Native Warm Season Grass – Eastern Gamagrass 
S. Native Warm Season Grass – Deer Tongue 
T. Native Warm Season Grass – Side-oat Grama 

 
In9.  The slope of the drainage area (field) is: 
 
In10. The filter strip area is: 
 
In11. The area serviced by the filter strip is: 
 
In12. The average filter strip width is: 
 
Ss1. (*3) Where is the filter strip located in respect to the runoff surface are? 

A. Downslope (5) 
B. Within (3) 
C. Upslope (1) 
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Im1.  Is the filter strip free of trees, stumps, brush and rocks: 
A. Yes (5) 

A. Yes, livestock present (5) 

A. None (5) 

B. No (1) 

C. Inundated, grass is completely covered (1) 

(PDC) Ds1. (*2) Is the average width of the filter strip between the pollutant source area 
and the waterbody sufficient? 

(PDC) Ss3.  Does the drainage area have a soil loss of less than 10 tons/acre? 

B. No (1) 
 
Im2.  Is the area protected from livestock? 

B. Yes, no livestock present at farm (5) 
C. No, livestock present, but filter strip is not protected (1) 

 
Im3. (*2) Evidence of concentrated flow into filter strip: 

B. Rills (3) 
C. Gullies (1) 

 
Ma4.  Is the area free of woody stems exceeding 2 inches in diameter? 

A. Yes (5) 
B. No (1) 

 
Ma5.  Is the area free of tillage or wheel marks: 

A. Yes (5) 

 
Ma6. (*2) Evidence of sediment deposition in areas of concentrated flow? 

A. Shallow deposition (< 2 cm) (5) 
B. Moderate deposition (≥ 2 cm but < grass height) (3) 

 

 A.  Yes (5) 
 B.  Slightly inadequate (3) 
 C.  Completely inadequate (1) 
 
(PDC) Ds2.  Is the field slope > 1% but < 10%? 

A. Yes (5) 
B. No (1) 

 
(PDC) Ss2.  Is the ratio of the drainage area to the filter strip area shall be less than 70:1 

in regions with RUSLE-R factor values 0-35, 60:1 for values 35-175 and 50:1 for 
values of more than 175?  

A. Yes (5) 
B. No (1) 

 

A. Yes (5) 
B. No (1) 
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A.5 Wooded Buffer/Filter Areas Assessment Tool - Original 
 
Standards:  DCR # FR-3, NRCS 391 Forest Riparian Buffer, Forestry BMPs for Water 
Quality in Virginia, Virginia Agricultural BMP Manual 
 
Definition:  To protect areas along streams to reduce erosion, sedimentation, and the 
pollution of water from agricultural nonpoint sources.   
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 

D. 

In2.  (Interview) Do you control both sides of the water body? 

 

In1.  (Interview) How long has the wooded buffer been implemented? 
A. < 1 year 
B. 1-5 years 
C. 6-10 years 

> 10 years 
 

A. Yes 
B. No 

 
Ss1.  (Interview) Was the crop land/pasture land in production two of the past five years 

prior to establishment? 
A. Yes (5) 
B. No (1) 

 
Im1.  (Interview) Do trees in Zone 1 remain unharvested? 

A. Yes (5) 
B. No (1) 

 
Im2.  (Interview) Do you remove timber, fiber, nuts, fruit, and forbs in Zone 2? 

A. Yes (5) 
B. No (1) 
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Ds1.  Is Zone 1, the area that begins at the normal water line or at the top of the bank and 
extends toward dry land, at least 15 feet wide (measured horizontally on a line 
perpendicular to the water body)? 

A. Yes (5) 
B. No (1) 

 
Ds2.  Is Zone 2, the area that begins at the edge and up-gradient of Zone 1 and extends 

towards dry land, at least 20 feet wide (measured horizontally on a line 
perpendicular to the water body)? 

A. Yes (5) 
B. No (1) 

 
Ds3. (*2) Is the minimum combined width of Zone 1 and 2 100 feet or 30% of the flood 

plain, but not less than 35 feet? 
A. Yes (5) 
B. No (1) 

 
Ds4. (*2) Is the buffer implemented on both sides of the water body? 

B. No (1) 

 

A. Yes (5) 

 
Ds5. (*2) If adjacent to cropland, or highly erosive areas, does the buffer contain a Zone 

3? 
A. Yes (5) 
B. Is not adjacent to cropland or highly erosive areas (5) 
C. No (1) 

 
Ss2. (*2) Buffer is adjacent to and up-gradient of: 

A. Perennial streams (5) 
B. Intermittent streams (5) 
C. Lake/pond (5) 
D. Wetlands (5) 
E. Sinkholes (5) 
F. Other (specify) (1) 

 
Im3. (*3) Are livestock excluded? 

A. Yes, animals present and excluded (5) 
B. No animals present (5) 
C. No, animals present and not excluded (1) 

Ma1.  Is Zone 2 free from multiple dead trees or shrubs? 
A. Yes (5) 
B. No (1) 
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Ma2.  Is the area free from streambank erosion (scouring, vertical slopes, etc)? 
A. Yes (5) 
B. No (1) 

 166  



A.6 
 

Permanent Vegetative Cover on Critical Areas Assessment Tool - Original 

Standards:  DCR # SL-11, NRCS 342 Critical Area Planting, Virginia Agricultural BMP 
Manual 
 
Definition:  Planting vegetation such as trees, shrubs, vines, grasses, or legumes on 
highly erodible or critically eroding areas. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) Do you apply nutrients to the permanent cover? 

A. Yes 
B. No  

 
In2.  (Interview) How long has the cover been implemented? 

A. < 1 year 
B. 1-5 years 
C. > 5 years 

 
Ss1.  (Interview) Is the site a highly erodible area that cannot be stabilized with ordinary 

techniques? 
A. Yes (5) 
B. No (1) 
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Im1. (Interview) What did the area look like before the average cover? 
A. Choice A (5) 
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B. Choice B (3) 
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C. Choice C (1) 
 

 
 

 
 
Ma1.  (Interview) Do you lime and fertilize according to soil results? 

A. Yes (5) 

 
B. No (1) 

Ma2.  (Interview) Do you reseed and/or regrade as necessary? 
A. Yes (5) 
B. No (1) 
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Im2. (*2) Is the area protected from livestock grazing? 
A. Yes, livestock and fencing present (5) 
B. Yes, no livestock present  (5) 
C. No, livestock present but not excluded (1) 

 
Im3. (*2) Is erosion under control? 

A. Yes, erosion no longer evident (5) 
B. No, erosion still evident (1) 

 
Im4.  If No to prior question, are additional erosion practices implemented? 

A. Not needed (5) 
B. Adequately (5) 
C. Inadequately (3) 
D. No (1) 
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A.7 Permanent Vegetative Cover on Erodible Crop Land Assessment Tool - 
Original 

 
Standards:  DCR # Sl-1, NRCS 512 Pasture and Hayland Planting, Virginia Agricultural 
BMP Manual 
 
Definition:  To promote conversion of cropland and fallow land to fields by establishing 
native or introduced forage species to make a healthy, maintained sod. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) Do you apply pesticides, herbicides, rodenticides? 

A. Yes 
B. No 

 
In2.  (Interview) Do you apply nutrients? 

A. Yes 
B. No 

 
In3.  (Interview) Do you irrigate the area? 

A. Yes 
B. No 

 
In4.  (Interview) How long has the practice been implemented? 

A. < 1 year 
B. 1-5 years 
C. 6-10 years 
D. > 10 years 

 
Ss1.  (Interview) The area was previously used as: 

A. Cropland (5) 
B. Fallow (5) 
C. Other (1) 
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Ss2.  (Interview) What was the approximate cover on the land before you established 

permanent  vegetative cover?  
A. Choice A (5) 
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B. Choice B (3) 
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C. Choice C (1) 

 

 
 

 
 
 
Im1.  (Interview) What planting methods did you use to establish the cover? 

C. Traditional  (drill, etc) (1) 

A. No-till (5) 
B. Conservation till (5) 
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Im2. (Interview) Which picture represents the ground cover from the vegetative cover?   

A. Choice A (5) 
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B. Choice B (3) 
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C. Choice C (1) 

 

 
 

 
 
 
Im3.  (Interview) What do you utilize the vegetative cover for? 

A. Harvest it (5) 
B. Grazing (1) 
C. Other (5) 
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Ma1.  (Interview) Do you lime and fertilize according to soil results? 

A. Yes (5) 
B. No (1) 

 
 
Ma2.  (Interview) Do you reseed and/or regrade as necessary? 

A. Yes (5) 
B. No (1) 

 
Im4. (*2)  Evidence of water erosion? 

A. None (5) 
B. Rills (3) 
C. Gullies (1) 

 179  



A.8 Reforestation of Erodible Crop and Pasture Land Assessment Tool - Original 
 
Standards:  DCR # FR-1, Forestry BMPs for Water Quality in Virginia, Virginia 
Agricultural BMP Manual 
 
Definition: To change land use to one that will more effectively control the soil and 
nutrient loss from surface runoff, thus improving water quality. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) When was the area reforested? 

Ss1.  (Interview) Was the reforested area in production 2 out of the past 5 years prior to 
reforestation? 

Im1.  (Interview) Were tree shelters used, if appropriate (pine do not need shelters)? 

 

A. < 1 year 
B. 1-5 years 
C. 6-10 years 
D. > 10 years 

 
In2.  (Interview) How many stand failures from natural causes have you had? 

A. None 
B. 1 
C. 2 
D. > 2 

 

A. Yes (5) 
B. No (1) 
 

A. Yes (5) 
B. No (1) 

 
Ma1.  (Interview) Was the area mowed or have herbicides been applied during the first 

three years of establishment? 
A. Yes (5) 
B. No (1) 
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Ss2.  Which of the following criteria does the area meet? 
A. 50% or more of soil type Class IIIe/s and above (5) 
B. Land use capabilities Class IV and above with “w” classification for wet 

conditions (5) 
C. Soils with capability subclass “s” and the soil loss for the current land use exceeds 

T (5) 
D. Slope greater than 5% (5) 
E. Gullied or eroded (5) 
F. Other (1) 

 
Im2.  Are necessary water control structures such as waterbars, broad based dips and turn 

outs installed? 
A. No, no water control structures are installed, but are not needed (5) 
B. Yes, water control structures needed and installed (5) 
C. No, no water control structures are installed, but are needed (rills present) (3) 
D. No, no water control structures are installed, but are needed (gullies present) (1) 

 
Im3.  Is the area protected from livestock grazing? 

A. Yes (5) 
B. No (1) 
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A.9 Animal Waste Storage Facility Assessment Tool - Original 
 
Standards:  DCR # WP-4, NRCS 312 Waste Management System, 313 Waste Storage 
Structure, 359 Waste Treatment Lagoon, 362 Diversion, 533 Pumping Plant for Waste 
Control, 516 Pipeline, 558 Roof Runoff Management, 590 Nutrient Management, 633 
Waste Utilization, 634 Manure Transfer 
 
Definition:  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. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1. (Interview) On average, how many head of cattle do you have that you collect waste 

from? 
 
In2.  (Interview) On average, what percent of the time are the animals confined? 

 

A. 100% 
B. 75-99% 
C. 50-74% 
D. 25-49% 
E. < 25% 
F. Never   

  
In3. (Interview) What kind of operation do you run? 

A. Dairy—free stall, inside feeding 
B. Dairy—free stall, yard feeding 
C. Dairy—other  
D. Beef—feedlot 
E. Beef—cow/calf 
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In4. (Interview) What kind of storage facility do you operate? 
A. Dry stacking  

In8. (Interview) If you run a dairy, where do you put your milking parlor washoff? 

E. Never (1) 

A. Semiannually (5) 

C. Greater than annually (1) 

 

B. Lagoons 
C. Liquid manure tanks or holding ponds 
D. Collection basins  
E. Settling basins 
F. Facultative ponds 
G. Combination  
H. Other 

 
In5. (Interview) Choose the most appropriate to describe the facility interior. 

A. Lined 
B. Compacted soils 
C. Uncompacted soils 

 
In6. (Interview) How long have you operated an animal waste storage facility? 
A. < 1 year 
B. 1-5 years 
C. 6-10 years 
D. > 10 years 
 
In7. (Interview) Do you have a nutrient management plan? 

A. Yes 
B. No 

 

A. Mixed with other waste in a lagoon or other waste storage 
B. In a separate waste storage facility than other wastes 
C. Other 
D. Don’t run a dairy 

 
Im1.  (Interview) How often do you remove solids from the facility? 

A. Every year (5) 
B. ~ 5-10 years (4) 
C. ~ 10-15 years (4) 
D. ~ 15-20 years (3) 

 
Im2.  (Interview) How often do you pump down the storage facility? 

B. Annually (3) 

D. Don’t know (1) 
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Im3.  (Interview) When you spread manure? 
A. Spring, Summer, Fall (5) 

Ma2. (Interview) How often do you inspect diversions? 

B. Winter (2) 
C. Daily (1) 

 
Im4.  (Interview) How often is the waste sampled and analyzed?  

A. At least once each year (5) 
B. Less than once a year (1) 

 
Im5.  (Interview) How often do you test soils that you apply manure to? 

A. At least every 3 years (5) 
B. Less than every 3 years (3) 
C. Never (1) 

 
Ma1. (Interview) When you pump the system down do you agitate the contents? 

A. Yes (5) 
B. No (1) 

 

A. Not needed, above ground storage (5) 
B. After storms (5) 
C. Quarterly (3) 
D. Annually (2) 
E. Never (1) 

 
Ds1.  Which of the following describes the embankment height and the associated top 

embankment width? 
A. 15 feet or less  < 8 feet (1) 
B. 15 feet of less  ≥ 8 feet (5) 
C. 15-20 feet  < 10 feet (1) 
D. 15-20 feet  ≥ 10 feet (5) 
E. 20-25 feet  < 12 feet (1) 
F. 20-25 feet  ≥ 12 feet (5) 
G. 25-30 feet  < 14 feet (1) 
H. 25-30 feet  ≥ 14 feet (5) 
I. 30-35 feet  < 15 feet (1) 
J. 30-35 feet  ≥ 15 feet (5) 
K. Other (1) 
L. No embankments needed 

 
Ds2.  Are auxiliary spillways provided? 

A. Yes (5) 
B. No, storage ponds without drainage areas and with less than 3 feet (0.9m) of 

storage above natural ground (5) 
C. No (1) 
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Ds3.  If needed, are there diversions? 
A. Yes (5) 
B. Not needed, above ground storage (5) 
C. No (1) 

 
Ds4.  Does the diversion have stable side slopes? 

A. Yes (5) 
B. Not needed, above ground storage (5) 
C. No (1) 

 
Ds5.  Does each diversion must have a safe and stable outlet with adequate capacity  

(evidence of not would be scour, high water marks, and lack of vegetation in the 
channel)? 

A. Yes (5) 
B. Not needed, above ground storage (5) 
C. No (1) 

 
Ds6.  Does the outlet convey runoff to a point where outflow will not cause damage? 

A. Yes (5) 
B. Not needed, above ground storage (5) 
C. No (1) 

 
Ss1.  Are waste storage facilities located outside of the floodplain?  If they cannot be 

located outside of the floodplain, is the facility protected from the 100-year flood 
event or larger? 

A. Yes (5) 
B. No (1) 
C. Protected from 100 year flood (5) 
D. Not protected from 100 year flood (1)  
 

Ss2.  What is the distance to a private, potable well? 
A. ≥ 100 feet (30 m) (5) 
B. < 100 feet (30 m) (1) 

 
Ss3.  What is the distance to a public, potable well? 

A. ≥ 300 feet (90 m) (5) 
B. < 300 feet (90 m) (1) 

 
Ss4. What is the distance to a natural flowing watercourse? 

A. ≥ 200 feet (60 m) (5) 
B. < 200 feet (60 m) (1) 
 

Ss5. What is the distance to downslope drainage ditches? 
A. ≥ 100 feet (30 m) (5) 
B. < 100 feet (30 m) (1) 
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Im6. Are roofs guttered such that water is diverted from the storage facility? 
A. Yes (5) 
B. No (1) 

  
Im7.  Are surface waters diverted from storage facilities? 

A. Yes (5) 
B. No (1) 

 
Im8.  Are embankments and disturbed areas around the storage facility free of erosion? 

A. Yes (5) 
B. No (1) 

 
 Im9.  Is the area excluded from livestock? 

A. Yes (5) 
B. No (1) 
 

Ma3.  Are storage facility inlets free of corrosion, plugging, or freezing damage? 
A. Yes (5) 
B. No (1) 

 
Ma4.  Are storage facility outlets and pumping platforms free of corrosion, plugging, 

freezing, or damage? 
A. Yes (5) 
B. No (1) 

 
Ma5.  Are diversions free of sediment such that the diversion capacity is not reduced? 

A. Not needed, above ground storage (5) 
B. Yes (5) 
C. No (1) 

 
Ma6.  Are diversions free of trees, brush, and other vegetation such that diversion   

capacity is not reduced? 
A. Not needed, above ground storage (5) 
B. Yes (5) 
C. No (1) 

 
Ma7.  Is the area downslope of the diversion free of erosion? 

A. Not needed, above ground storage (5) 
B. Yes (5) 
C. No, gullies present (3) 
D. No, rills present (2) 
E. No, coarse materials present (1) 

 
Ma8.  Are gutters free of debris and obstructions? 

A. Yes (5) 
B. No (1) 
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A.10 Grazing Land Protection System Assessment Tool - Original 
 
Standards:  DCR # SL-6, NRCS 528A Prescribed Grazing, 382 Fence, 512 Pasture and 
Hayland Planting, 574 Spring Development, 614 Trough or Tank, 472 Use Exclusion, 
642 Well, 580 Streambank and Shoreline Protection, 378 Pond, 516 Pipeline 
 
Definition: Provide livestock water systems and/or fencing that will improve water 
quality by eliminating direct access to surface waters that have a defined water quality 
problem.  This BMP can be either a structural or managerial practice that enhances or 
protects vegetative cover to reduce runoff of sediment and nutrients from existing 
pastureland and reduce NPS pollution associated with grazing livestock. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. 

 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) When did you implement the grazing land protection system? 

A. Within the past year 
B. 1-3 years ago 
C. 4-6 years ago 
D. 7-10 years ago 
E. < 10 years ago  

 
In2.  (Interview) Which of the following practices have you implemented as part of 

grazing land protection? 
A. Boundary fencing for grazing distribution and to restrict stream access in 

connection with newly developed watering facilities  
B. Intensive rotational grazing system 
C. Interior fencing  
D. Stream crossings for grazing distribution (only if crossings restrict access to 

stream) 
E. Electric fence controllers/energizers/chargers 
F. Other 
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In3.  (Interview) What kind of animals mainly graze in this area? 
A. Dairy—dry 
B. Dairy—heifers  
C. Dairy—lactating 
D. Beef – cow/calf 
E. Beef – steer 
F. Sheep  
G. Goats 
H. Horses 
I. Other 
 

In4.  (Interview) How many head of livestock are in the grazing system? 
 
In5.  (Interview) On average, how many hours per day do livestock graze in the 

paddocks? 
 
In6.  (Interview) How many paddocks are in the grazing system? 
 
In7.  (Interview) How many acres in each paddock? 
 Paddock 1: 
 Paddock 2: 
 Paddock 3: 
 Paddock 4: 

In8.  (Interview) On average, how long is each paddock grazed? 
 

 
In9.  (Interview) On average, how long is each paddock rested? 
 
In10. (Interview) Do you creep-graze livestock? 

A. Yes 
B. No 

 
In11. (Interview) Do you provide your livestock with supplemental feeding (grain, hay, 

etc.)? 
A. Yes 
B. No 

 
In12. (Interview) Do you fertilize or lime the grazing area? 

A. Yes 
B. No 

 
In13. (Interview) Do you apply pesticides or hebicides to the grazing area? 

A. Yes 
B. No 
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Ma1.   (Interview) Do you have a plan for providing forage in the event of severe drought 
or flooding? 
A. Yes (5) 

D. 50-75% (2) 

 

A. Yes (5) 

B. No (1) 
 
Im1. (*2) What percent of the grazing area is denuded? 

A. < 10% (5) 
B. 10-25% (4) 
C. 25-50% (3) 

E. > 75% (1) 

Im2.  Is the pasture grazed uniformly?  
A. Yes (5) 
B. No (1) 

 
Im3. (*2) Are animals restricted to portions of the pasture at a time? 

B. No (1) 
 
Ma2.  Are watering areas free of erosion? 

A. Yes (5)  
B. No, minimal—decreased vegetation (3) 
C. No, moderate—bare soils (2) 
D. No, excessive—mud pit (1) 
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A.11 Loafing Lot Management System Assessment Tool - Original 
 
Standards:  DCR # WP-4B, NRCS 561 Heavy Use Area Protection, 590 Nutrient 
Management 
  
Further guidance:  313 Waste Storage Structure, 342 Critical Area Planting, 362 
Diversion, 356 Dike, 359 Waste Treatment Lagoon, 382 Fencing, 392 Riparian Forest 
Buffer, 393A Filter Strip, 412 Grassed Waterway, 516 Pipeline, 574 Spring 
Development, 580 Streambank and Shoreline Protection, 614 Watering Facility, Trough 
or Tank 
 
Definition:  Prevent areas exposed to heavy livestock traffic from experiencing excessive 
manure and soil losses due to the destruction of ground cover by rotating loafing areas 
and providing a sacrifice area for wet weather. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
Im1.  (Interview) How many head of cattle are in the loafing lot system? 
 
Im2.  (Interview) What kind of sacrifice area do you have? 
 
Im3.  (Interview) How large is the sacrifice area? 
  
Im4.  (Interview) How large are compacted areas for cattle feeding? 
 
Im5.  (Interview) How long have you used a loafing lot management system? 

A. < 1 year 
B. 1-5 years 
C. 6-10 years 
D. > 10 years 

 
Ma1.  (Interview) How often do you scrape sacrifice areas? 

A. Three times a year (5) 
B. Twice a year (4) 
C. Once a year (3) 
D. Less than once a year (2) 
E. Never (1) 
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Ma2.  (Interview) How often do you inspect diversions? 
A. After storms (5) 
B. Quarterly (3) 

 

 Paddock 4: 

Im7.  What is the approximate slope of each paddock? 

 Paddock 4: 

A. ≥ 3  (5) 

B. No (1) 

C. No (1) 

 

C. No (1) 

C. Annually (2) 
D. Never (1) 

Im6.  How large is each grassed paddock? (not to exceed one acre per 30 cattle-- unless 4 
paddocks-- and no smaller than one acre per 20 head cattle) 

 Paddock 1:  
 Paddock 2: 
 Paddock 3: 

 

 Paddock 1: 
 Paddock 2: 
 Paddock 3: 

  
Im8.  What is the slope of the sacrifice area? 
 
Ds1.  How many grassed loafing paddocks are there? 

B. < 3 (1) 
 
Ds6. (*2) Is there a sacrifice area?   

A. Yes (5) 

 
Ds8. (*2) Are there diversions? 

A. Yes (5) 
B. Diversions not needed (5) 

 
Ds9.  Do diversions have stable side slopes (no erosion)? 

A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

Ds10. Does each diversion have a safe and stable outlet with adequate capacity?  (No   
evidence of scour, high water marks, and/or lack of vegetation in the channel?) 

A. Yes (5) 
B. Diversions not needed (5) 
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Ds11. Does the outlet convey runoff to a point where outflow will not cause damage? 
A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

 
Ds12. (*2) Are vegetative filter strips in place between the loafing areas and waterways?  

If  so, how wide? 
A. ≥ 100 feet (5) 
B. < 100 feet (3) 

Ds14. Are streams fenced from loafing and sacrifice areas? 

 

C. None (1) 
 
Ds13. (*2) Are vegetative filter strips in place between the sacrifice area and waterways?  

If so, how wide? 
A. ≥ 100 feet (5) 
B. Not needed  (5) 
C. < 100 feet (3) 
D. None (1) 

 

D. Yes (5) 
E. No (1) 

 
Ds15. Is there a buffer of at least 25 feet between the fence and the waterway? 

C. Yes (5) 
D. No (1) 
 

Im1.  Are critically eroding and sensitive areas fenced and has permanent cover been 
established? 

C. Yes (5) 
D. No (1) 

 
Im2.  Is roof water diverted from loafing and sacrifice lots? 

C. Yes (5) 
D. No (1) 
 

Im3.  Are livestock provided with an alternative water source? 
A. Yes (5) 
B. No (1) 

 
Im4.  Are livestock fed the bulk of nutrients outside of the loafing area? 

A. Yes (5) 
B. No (1) 
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Ma3.  Are diversions free of sediment such that the diversion capacity is not reduced? 
A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

 
Ma4.  Are diversions free of trees, brush, and other vegetation such that diversion 

capacity is not reduced? 

B. Diversions not needed (5) 

 

B. No (1) 

B. No (1) 

(PDC) Ss2. Is the slope of the sacrifice lot between 3% and 10%? 

A. Yes (5) 

C. No (1) 

Ma5.  Is the area downslope of the diversion free of erosion? 
A. Yes (5) 
B. No, gullies present (3) 
C. No, rills present (2) 
D. No, coarse materials present (1) 
 

(PDC) Ds2.  Is paddock 1 sufficiently sized? 
A. Yes (5) 
B. No (1) 

  
(PDC) Ds3.  Is paddock 2 sufficiently sized? 

A. Yes (5) 
B. No (1) 

 
(PDC) Ds4.  Is paddock 3 sufficiently sized? 

A. Yes (5) 
B. No (1) 

 
(PDC) Ds5.  Is paddock 4 sufficiently sized? 

A.  Yes (5) 
B.  Don't have 4 paddocks (5) 
C.  No (1) 
 

(PDC) Ds7.   Is the sacrifice area sufficiently sized? 
A. Yes (5) 

 
(PDC) Ss1. Are paddocks slopes (on average) greater than 3% and less than 8%? 

A. Yes (5) 

 

A. Yes (5) 
B. No (1) 
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A.12 Late Winter Split Application of N on Small Grains Assessment Tool - 
Original 

 
Standards:  DCR # NM-4, Virginia Agricultural BMP Manual 
 
Additional Sources:  Virginia Nutrient Management Handbook, Virginia Nutrient 
Management Standards and Criteria 
 
Definition: Applying nitrogen during the winter season in two increments bases on the 
progression of growth of the small grain crop to minimize nitrogen leaching and runoff. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) What method did you perform to determine the split N applications? 

A. Tiller counts 
B. Tissue tests 
C. Determined by fertilizer dealer 
D. Other (please state method) 

 
In2.  (Interview) Do you follow a nutrient management plan? 

A. Yes 
B. No 

 
In3.  (Interview) Fields are planted in: 

A. Wheat  
B. Barley  
C. Rye  
D. Oats 

Im1.  (Interview) How far apart are the split applications? 

E. Triticale 
F. Other 

  
Ds1.  (Interview) How much nitrogen did you apply in the February application? (5) 
 
Ds2.  (Interview) How much nitrogen did you apply in the March application? (5) 
 

A. ≥ 30 days apart (5) 
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B. < 30 days (1) 
Im2.  (Interview) When do you apply the first split application? 

A. February 1 or later (5) 
B. Earlier than February 1 (1) 

 
Im3a.  (Interview) Did you apply manure or sludge (organic sources of N) to the fields 

this current crop year or in previous years? 

 

C. No to previous question (0) 

A. Yes (0)  
B. No (5) 

Im3b.  (Interview) If yes to the previous question, do you perform a fall soil nitrate test? 
A. Yes (5) 
B. No (1) 
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A.13 Protective Cover for Specialty Crops Assessment Tool - Original 
 
Standards:  DCR # SL-8, NRCS 340 Cover Crop, Virginia Agricultural BMP Manual 
 
Definition:  To provide cover for bare land after the harvest of specialty crops in order to 
reduce wind and water erosion. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. 

 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) Cover crop is killed by what means: 

A. Mechanical 
B. Chemical 
C. Grazing 
D. Other (specify) 
E. None 

 
In2.  (Interview) Do you pasture on the cover crop area? 

A. Yes 
B. No 

 
In3.  (Interview) Do you apply herbicides for weed control? 

A. Yes 
B. No 

 
In4.  (Interview) Do you mow the cover crop? 

A. Yes 
B. No 

 
In5.  (Interview) Do you apply nutrients? 

A. Yes 
B. No 
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In6.  (Interview) What seed do you use for the cover crop? 
A. Annual rye grass or Crimson clover with annual rye grass 
B. Rye or Wheat 
C. Barley or Winter oats or Small grain mixtures 
D. Pearl millet or Sudangrass or Sorghum 
E. Ladino clover with tall fescue or Orchard grass with ladino clover and red 

clover 
F. Ladino clover with orchardgrass or Crimson clover with rye, barley, or oats 
G. Orchard grass with ladino clover and annual lespedeza or Tall fescue with 

ladino clover and annual lespedeza or Tall fescue with ladino clover and red 
clover 

H. Other 
 
In7.  (Interview) Specialty crop is: 

A. Vegetables 
B. Tobacco 
C. Other 

 
Ds1.  (Interview) What seeding rate did you use for the cover crop?  

A. > 40 lb/acre 
B. 30-40 lb/acre 
C. 20-29 lb/acre 
D. 10-19 lb/acre 
E. < 10 lb/acre 
F. 1-1.5 bu/acre 
G. 1.6-3 bu/acre 

Im3. (*2)  (Interview) How long do you maintain growth after seed establishment? 

A. Utilized only as cover (5) 

E. Other (1) 

 
Im1. (*2) (Interview) Is cover established for spring and summer cover? 

A. Yes (5) 
B. No (1) 

 
Im2.  (Interview) When is the winter cover crop established by? 

A. November 30 or before (5) 
B. After November 30 (1) 

 

A. As long as needed for conservation (5) 
B. > 90 days (3) 
C. < 90 days (1) 

 
Im4.  (Interview) What do you utilize the cover crop for? 

B. Pasturing (3) 
C. Hay (1) 
D. Seed (1) 
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Im5.  (Interview) What did your field look like a month after you seeded for the cover 
crop? 

A. Choice A (5) 
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B. Choice B (3) 
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C. Choice C (1) 
 

 
 

 
 
Ma1.  (Interview) Is the crop residue disposed of in any way other than burning? 

A. Yes (5) 
B. No (1) 
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A.14 Sidedress Application of N on Corn Assessment Tool - Original 
 
Standards:  DCR # NM-3, Virginia Agricultural BMP Manual 
 
Additional Sources:  Virginia Nutrient Management Handbook, Virginia Nutrient 
Management Standards and Criteria 
 
Definition: A banded application of the major portion of the nitrogen requirement 
between rows of corn at a growth stage (15” to 24” tall) when the plant is entering the 
highest demand for nitrogen to minimize nitrogen loss through leaching and runoff.   
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 
 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) How many acres do you have planted in corn that receives sidedress N 

application? 

 

 
In2.  (Interview) Do you follow a nutrient management plan? 

 
Im1.  (Interview) What is the total amount of N applied before the sidedress application 

(before the corn is 15 inches high)? 
A. ≤ 50 lb/acre (5) 
B. > 50 lb/acres (1) 

Im2.  (Interview) At what growth stage was the sidedress applied? 
A. ≥ 6-leaf stage / 15-24 inches tall (5) 
B. < 6-leaf stage / <15 inches tall (1) 
 

Im3.  (Interview) Did you apply sidedress according to PSNT recommendations? 
A. Yes (5) 
B. No (1)  

 
Im4.  (Interview) How much total nitrogen do you apply? (compare to criteria table to see 

if within allowable amount) 
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A.15 Small Grain Cover Crops Fertilized and Harvested Assessment Tool - 
Original 

 
Standards:  NRCS 340 Cover Crop 
 
Definition: Grasses, legumes, forbs, or other herbaceous plants established for seasonal 
cover and conservation purposes; to double crop a small grain and provide a nutrient 
sink. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
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Ma1.  (Interview) What did your field look like just before the first freeze? 

A. Choice A (5) 
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B. Choice B (3) 
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C. Choice C (1) 

 

 
 

 
 
In1.  Is there evidence of water erosion? 

A. None 
B. Rills 
C. Gullies 
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In2.  Is there evidence of sediment deposition along windbreaks?  

A. None 
B. Minimal 
C. Moderate 

 
Ss1.  Which of the following does the field meet: 

A. Contain soils with a Leaching Index of ≥ 6 on at least 1/3 of the acreage 
(5) 

B. Determined to be a HEL for the Food Security Act (5) 
C. At least 1/3 of the acreage has a Water Quality Index of ≥ 5 (5) 
D. Has an Erosion Index of ≥ 8 (5) 
E. None of the above (1) 

 
Im1.  Is the area protected from livestock? 

A. Yes (5) 
B. No (1) 
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A.16 Small Grain Cover Crops for Nutrient Management Assessment Tool - 
Original 

 
Standards:  DCR # SL-8B, NRCS 340 Cover Crop, Virginia Agricultural BMP Manual 
 
Definition: Grasses, legumes, forbs, or other herbaceous plants established for seasonal 
cover and conservation purposes.   
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. 

 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) Cover crop is killed by what means: 

A. Mechanical 
B. Chemical 
C. Grazing 
D. Other (specify) 

 

 

E. None 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 207  



 
Im1.  (Interview) Do you use the field for pasturing? 

A. No (5) 
B. Yes (0) 

 
If yes, how much cover is maintained through mid-March? 

C.   Choice A (5) 
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D.   Choice B (3) 
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E.  Choice C (1) 
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Ma1.  (Interview) What did your field look like just before the first freeze? 

A. Choice A (5) 
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B. Choice B (3) 
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C. Choice C (1) 

 

 
 

 
 
In2.  Is there evidence of water erosion? 

A. None 
B. Rills 
C. Gullies 
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In3.  Is there evidence of deposition along field borders? 

A. None 
B. Minimal 
C. Excessive 

 

A. Contain soils with a Leaching Index of 6 or greater on at least 1/3 of the 
acreage (5) 

B. At least 1/3 of the acreage has a Water Quality Index of 5 or greater (5) 
C. Has an Erodibility Index of 8 or greater or Determined to be a HEL for the 

Food Security Act (5) 
D. None (1) 

Ss1.  Which of the following does the field meet: 
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APPENDIX B - SAS CODES 
 

 

by u; 

B.2 Stream Protection Indicator BMP Category Non Cost-Share Practices 
Random Number Generator 

B.1 Stream Protection Indicator BMP Category Cost-Share Practices Random 
Number Generator 

 
title  'James River Project'; 
title2 'Random Number Generator for Stream Protection and Fencing, Cost-Shared'; 
title3 'Run by JHC May 9, 2002'; 

options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 18; 
*Change the seed to generate new list; 
seed = 1129; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 

run; 
 
proc print data=numbers; 
var k; 
run; 
 

 
title  'James River Project'; 
title2 'Random Number Generator for Stream Protection and Fencing, Non Cost-Shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 57; 
*Change the seed to generate new list; 
seed = 6637; 
do k=1 to N; 
u = ranuni(seed); 
output; 
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end; 
 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
 
B.3 Filter/Buffer Strips Indicator BMP Category Cost-Share Practices Random 

Number Generator 
 

title2 'Random Number Generator for Filter and Buffer Strips, Cost-Shared'; 

proc print data=numbers; 

title  'James River Project'; 

title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 20; 
*Change the seed to generate new list; 
seed = 4478; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 
by u; 
run; 
 

var k; 
run; 
 
B.4 Filter/Buffer Strips Indicator BMP Category Non Cost-Share Practices 

Random Number Generator 
 
title  'James River Project'; 
title2 'Random Number Generator for Filter and Buffer Strips, Non Cost-Shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
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data numbers; 
*Change N to change the size of the list;  
N = 67; 
*Change the seed to generate new list; 
seed = 3218; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
 
B.5 Permanent Vegetative Cover Indicator BMP Category Cost-Share Practices 

Random Number Generator 
 
title  'James River Project'; 
title2 'Random Number Generator for Perman. Veg. Cover, Cost-shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 31; 
*Change the seed to generate new list; 
seed = 7786; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
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B.6 Permanent Vegetative Cover Indicator BMP Category Non Cost-Share 
Practices Random Number Generator 

 
title  'James River Project'; 
title2 'Random Number Generator for Perman. Veg. Cover, Non Cost-shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 185; 
*Change the seed to generate new list; 
seed = 2589; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
 
B.7 Hay/Pasture Indicator BMP Category Cost-Share Practices Random 

Number Generator 
 
title  'James River Project'; 
title2 'Random Number Generator for Hayland and Pasture Planting and Management, 
Cost-Shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 46; 
*Change the seed to generate new list; 
seed = 2359; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 

 218  



 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
 
B.8 Hay/Pasture Indicator BMP Category Non Cost-Share Practices Random 

Number Generator 
 
title  'James River Project'; 
title2 'Random Number Generator for Hayland and Pasture Planting and Management, 
Non Cost-Shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 253; 
*Change the seed to generate new list; 
seed = 5556; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
 
B.9 Cover Crops Indicator BMP Category Cost-Share Practices Random 

Number Generator 
 
title  'James River Project'; 
title2 'Random Number Generator for Cover Crops, Cost-shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
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data numbers; 
*Change N to change the size of the list;  
N = 31; 
*Change the seed to generate new list; 
seed = 8526; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
 
B.10 Cover Crops Indicator BMP Category Non Cost-Share Practices Random 

Number Generator 
 
title  'James River Project'; 
title2 'Random Number Generator for Cover Crops, Non Cost-Shared'; 
title3 'Run by JHC May 9, 2002'; 
 
options ls=77 ps=56 nodate nonumber; 
 
data numbers; 
*Change N to change the size of the list;  
N = 200; 
*Change the seed to generate new list; 
seed = 7895; 
do k=1 to N; 
u = ranuni(seed); 
output; 
end; 
 
proc sort data=numbers; 
by u; 
run; 
 
proc print data=numbers; 
var k; 
run; 
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B.11 Weights by Farm ANOVA Analysis 
 
options nodate center pageno=1 formdlim="_"; 
proc glm data=jc.allfarms_wts; 
  class wt cs_ncs; 
  model ds = wt cs_ncs wt*cs_ncs; 
  means wt/lines lsd; 
  lsmeans wt*cs_ncs/slice=cs_ncs; 
  title1 'Analysis for Response DS'; 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
proc glm data=jc.allfarms_wts; 
  class wt cs_ncs; 
  model ss = wt cs_ncs wt*cs_ncs; 
  means wt/lines lsd; 
  lsmeans wt*cs_ncs/slice=cs_ncs; 
  title1 'Analysis for Response SS'; 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
proc glm data=jc.allfarms_wts; 
  class wt cs_ncs; 
  model im = wt cs_ncs wt*cs_ncs; 
  means wt/lines lsd; 
  lsmeans wt*cs_ncs/slice=cs_ncs; 
  title1 'Analysis for Response IM'; 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
proc glm data=jc.allfarms_wts; 
  class wt cs_ncs; 
  model ma = wt cs_ncs wt*cs_ncs; 
  means wt/lines lsd; 
  lsmeans wt*cs_ncs/slice=cs_ncs; 
  title1 'Analysis for Response MA'; 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
proc glm data=jc.allfarms_wts; 
  class wt cs_ncs; 
  model total = wt cs_ncs wt*cs_ncs; 
  means wt/lines lsd; 
  lsmeans wt*cs_ncs/slice=cs_ncs; 
  title1 'Analysis for Response TOTAL'; 
run; quit; 
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B.12 Indicator BMP Category ANOVA Analysis 
 
ods output close; 
%macro cs(bmpgrp,resp); 
data subset; 
  set jc.alldata_ind; 
  if ind_bmp ne &bmpgrp then delete; 
proc sort data=subset; 
  by descending &resp; 
  ods output MCLines='multcomp'; 
proc glm data=subset outstat=stats; 
  class cs_ncs; 
  model &resp = cs_ncs; 
  means cs_ncs/lines lsd; 
  title1 "Analysis For Indicator BMP &bmpgrp with Response %UPCASE(&resp)"; 
run; 
data stats (keep = ind_bmp prob); 
  set stats; 
  if _type_ = 'SS3'; 
  ind_bmp = &bmpgrp; 
run; 
data multcomp (keep =  response ind_bmp line1 mean n cs_ncs); 
  set wc000001.multcomp; 
  ind_bmp = &bmpgrp; 
  rename level=cs_ncs; 
  rename dependent=response; 
run; 
proc sort data=subset; 
  by cs_ncs; 
proc sort data=multcomp; 
  by cs_ncs; 
proc means std data=subset noprint; 
  var &resp; 
  by cs_ncs; 
  output out=meandata std=st_dev; 
run; 
data multcomp1; 
  merge multcomp meandata; 
  by cs_ncs; 
run; 
data results; 
  merge stats multcomp1; 
  by ind_bmp; 
proc sort data=results; 
  by descending mean; 
data all_results; 
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  set all_results results; 
proc print data=results; 
  var response ind_bmp prob cs_ncs line1 cs_ncs mean n st_dev; 
run; 
run; quit; 
 
%mend cs; 
data all_results; 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ds_u); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
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%cs(1,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,total_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ds_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(2,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ma_r); 
run; 
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options nodate center pageno=1 formdlim="_"; 
%cs(2,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(2,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(2,total_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ds_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(3,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,im_u); 
run; 
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options nodate center pageno=1 formdlim="_"; 
%cs(3,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(3,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(3,total_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ds_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,im_w); 
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run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,total_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ds_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
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%cs(5,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(5,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(5,total_u); 
run; 
options nodate center pageno=1 formdlim="_"; 
proc print data=all_results; 
  var response ind_bmp prob cs_ncs line1 cs_ncs mean n st_dev; 
run; quit; 
 
B.13 Individual BMP ANOVA Analysis   
 
options nodate pageno=1 center formdlim="_"; 
ods output close; 
%macro cs(bmpgrp,resp); 
data subset; 
  set jc.alldata_bmp; 
  if bmp ne &bmpgrp then delete; 
proc sort data=subset; 
  by descending &resp; 
  ods output MCLines='multcomp'; 
proc glm data=subset outstat=stats; 
  class cs_ncs; 
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  model &resp = cs_ncs; 
  means cs_ncs/lines lsd; 
  title1 "Analysis For BMP &bmpgrp with Response %UPCASE(&resp)"; 
run; 
data stats (keep = bmp prob); 
  set stats; 
  if _type_ = 'SS3'; 
  bmp = &bmpgrp; 
run; 
data multcomp (keep =  response bmp line1 mean n cs_ncs); 
  set wc000001.multcomp; 
  bmp = &bmpgrp; 
  rename level=cs_ncs; 
  rename dependent=response; 
run; 
proc sort data=subset; 
  by cs_ncs; 
proc sort data=multcomp; 
  by cs_ncs; 
proc means std data=subset noprint; 
  var &resp; 
  by cs_ncs; 
  output out=meandata std=st_dev; 
run; 
data multcomp1; 
  merge multcomp meandata; 
  by cs_ncs; 
run; 
data results; 
  merge stats multcomp1; 
  by bmp; 
proc sort data=results; 
  by descending mean; 
data all_results; 
  set all_results results; 
proc print data=results; 
  var response bmp prob cs_ncs line1 cs_ncs mean n st_dev; 
run; 
run; quit; 
%mend cs; 
data all_results; 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ds_r); 
run; 
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options nodate center pageno=1 formdlim="_"; 
%cs(1,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ds_u); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(1,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(1,total_u); 
run; 
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options nodate center pageno=1 formdlim="_"; 
%cs(4,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ds_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(4,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(4,total_w); 
run; 

 231  



options nodate center pageno=1 formdlim="_"; 
%cs(4,total_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ds_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(7,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,ma_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(7,total_r); 
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run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(7,total_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ds_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ds_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ds_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ss_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ss_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ss_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(14,im_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,im_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,im_u); 
run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ma_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ma_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,ma_u); 
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run; 
 
options nodate center pageno=1 formdlim="_"; 
%cs(14,total_r); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,total_w); 
run; 
options nodate center pageno=1 formdlim="_"; 
%cs(14,total_u); 
run; 
options nodate center pageno=1 formdlim="_"; 
proc print data=all_results; 
  var response bmp prob cs_ncs line1 cs_ncs mean n st_dev; 
run; quit; 
 
B.14 Practice Age ANOVA Analysis 
 
%macro bmpfactor_cs(bmpgrp,resp); 
data subset; 
  set jc.alldata_bmp; 
  if bmp ne &bmpgrp then delete; 
run; quit; 
proc glm data=subset; 
  class cs_ncs prac_age; 
  model &resp = cs_ncs prac_age cs_ncs*prac_age; 
  lsmeans cs_ncs*prac_age/slice = prac_age; 
  title1 "CS vs. NCS accounting for Age of Practice"; 
  title2 "BMP is &bmpgrp and Response is &resp"; 
%mend bmpfactor_cs; 
 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,im_r); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,ma_r); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,total_r); 
run; 
 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ds_r); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ss_r); 
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run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,im_r); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ma_r); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,total_r); 
run; 
 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,im_u); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,ma_u); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,total_u); 
run; 
 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ds_u); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ss_u); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,im_u); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ma_u); 
run; 
 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,total_u); 
run; 
 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,im_w); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,ma_w); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(4,total_w); 
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run; 
 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ds_w); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ss_w); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,im_w); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,ma_w); 
run; 
options nodata center pageno=1 formdlim="_"; 
%bmpfactor_cs(14,total_w); 
run; 
 
B.15 Farm Size and Soil and Water Conservation District ANOVA Analyses 
 
%macro allfarm_cs(resp); 
proc glm data=jc.alldata_byfarm; 
  class cs_ncs dstrct; 
  model &resp = cs_ncs dstrct cs_ncs*dstrct; 
  means cs_ncs/lines lsd; 
  lsmeans cs_ncs*dstrct/slice = dstrct; 
  title1 "CS vs. NCS accounting for District"; 
  title2 "Response is &resp"; 
proc glm data=jc.alldata_byfarm; 
  class cs_ncs farm_sz; 
  model &resp = cs_ncs farm_sz cs_ncs*farm_sz; 
  means cs_ncs/lines lsd; 
  lsmeans cs_ncs*farm_sz/slice = farm_sz; 
  title1 "CS vs. NCS accounting for Farm Size"; 
  title2 "Response is &resp"; 
run; quit;  
%mend allfarm_cs; 
 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ds_r); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ss_r); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(im_r); 
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run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ma_r); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(total_r); 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ds_u); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ss_u); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(im_u); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ma_u); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(total_u); 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ds_w); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ss_w); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(im_w); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ma_w); 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(total_w); 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ds_r1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ss_r1); 
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run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(im_r1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ma_r1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(total_r1); 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ds_u1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ss_u1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(im_u1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ma_u1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(total_u1); 
run; quit; 
 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ds_w1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ss_w1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(im_w1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(ma_w1); 
run; quit; 
options nodate center pageno=1 formdlim="_"; 
%allfarm_cs(total_w1); 
run; quit; 
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APPENDIX C - COOPERATOR CORRESPONDENCE 
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C.1 Letter Soliciting Farmers’ Cooperation 
 
<NAME> 
<ADDRESS> 
<CITY< STATE ZIP> 
 

– Protective Cover for Specialty Crops – Grazing Land Protection Systems 

November __, 2002 
 
Dear Sir: or Madam: 

The Virginia Department of Conservation and Recreation, Division of Soil and Water 
Conservation, has contracted with the Virginia Tech Biological Systems Engineering Department 
to conduct a study on agricultural best management practices (BMPs) in the James River Basin.  
The goal of this study is to compare the quality of BMPs implemented with financial assistance 
and those implemented without financial assistance. We would like you, as an operator 
implementing BMPs in the James River Basin, to participate in this project. 

We are specifically looking for volunteers who have implemented one or more of the following 
BMPs: 

– Stream Fencing – Small Grain Cover Crops 
– Streambank Stabilization – Alternative Watering Systems  

– Loafing Lot Management Systems – Permanent Vegetative Cover on Cropland 
– Animal Waste Storage Facilities – Reforestation 
– Grass Filter Strips – Sidedress Application of Nitrogen on Corn 
– Wooded Buffer Strips – Late Winter Split of Nitrogen on Small Grains 

All we ask of you, as a participant in this effort, is your permission to allow two or three project 
members to visit your farm.  During the visit, project members will observe the BMPs that you 
have implemented.  The length of the visit will depend on the number of BMPs being assessed, 
but should not exceed two to three hours.  If you choose to participate, your confidentiality will 
be maintained.  Our observations will not affect any cost-sharing or other government programs 
in which you may be involved.  Your name will not appear on any project reports.  

It is of great importance to the success of Virginia's Tributary Strategies to assess the quality and 
performance of BMPs implemented with and without financial assistance.  Your contribution to 
this study will be greatly appreciated and will help to ensure that conservation efforts being made 
by Virginia’s farmers are fully recognized. 
 
In the next few days, a representative from your SWCD (soil and water conservation district) or 
Virginia Tech’s Biological Systems Engineering Department will be contacting you about 
participating in this study.  In the mean time, if you have any questions please contact Dr. Brian 
Benham of Virginia Tech at (540) 231-5705. 

Thank you, 
  
Brian Benham Jack Frye 
Biological Systems Engineering Director, Division of Soil and Water  
Virginia Tech Conservation  

Department of Conservation and 
Recreation 
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C.2 Site Visit Information Sheet 
 

James River Basin BMP Assessment Project 
 
 

Thank you for participating in this study!  Your time is very valuable to us! 
 
 
Purpose: To investigate differences between best management practices (BMPs) 

implemented with and without cost-share assistance.  
 
Background: Surveys of producers in the James River Basin have shown that 83 percent 

of farmers implemented BMPs financed solely with their own monies 
while 17 percent implemented BMPs using cost-share assistance.  Though 
survey results indicated a high level of BMP adoption it did not assess the 
quality of either cost-share or non cost-share BMPs.  BMP quality is an 
indicator of BMP performance, or its effectiveness. The goal of this 
project is to evaluate BMP quality by assessing the BMP’s design, where 
it is located, how it was implemented, and how it is maintained.  Measures 
of BMP quality are based on criteria set by the Virginia Natural Resources 
Conservation Service (NRCS) and the Virginia State Department of 
Conservation and Recreation (DCR). 

 
Objectives: 1. Develop assessment tools to quantify the quality of 16 BMPs. 

2.  Use the assessment tools to compare the quality of cost-share and non 
cost-share BMPs at 150 sites in the James River Basin.   

Results: Results of this study may lead to a statewide BMP quality assessment; 
improve computer model predictions of agricultural nonpoint source loads 
entering Virginia's rivers and the Chesapeake Bay; and allow you, as a 
producer, to better implement BMPs in a way that is practical, and 
agronomically and environmentally sound. 

Please be assured that all data collected is strictly confidential-- your name or 
information will not be released to the public or any government agency.   
 
Thank you again!  If you have any questions please feel free to contact us: 
 
Brian Benham      Janelle Cunningham 
Extension Specialist      Graduate Research Assistant 
Virginia Tech      Virginia Tech      
540-231-5705      540-357-0251     
benham@vt.edu     jacunnin@vt.edu 
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APPENDIX D - REVISED ASSESSMENT TOOLS 
 
D.1 Alternative Water System Assessment Tool - Revised 
 
Standards:  DCR # SL-6B, NRCS 528A Prescribed Grazing, 382 Fence, 512 Pasture and 
Hayland Planting, 574 Spring Development, 614 Watering Facility, 472 Use Exclusion, 
642 Well, 580 Streambank and Shoreline Protection, 378 Pond, 516 Pipeline  
  
Definition:  A structural practice to provide watering facilities for livestock to reduce or 
eliminate the need for livestock to access streams, reducing erosion and livestock waste 
reaching the stream. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1. (Interview) Is the water supply system portable? 

A. Yes  
B. No 

 
In2. (Interview) What kind of alternative water system do you operate? 

A. Wells  
B. Artesian well 
C. Springs or seeps  
D. Dugouts, dams, pits, or ponds  
E. Storage facilities  
F. Cistern, roof collection, other artificial watersheds 
G. Other 

 
In3. (Interview) When did you implement the alternative water system? 
 
Ds1. (Interview) Is your water source (well, stream, pond, etc) adequate? 
 A.  Yes (5) 
 B.   No (1) 
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Ss1.  (Interview) Is the alternative water system located in: 
A. Pasture land bordering a flowing stream (5) 
B. Pasture land bordering a Chesapeake Bay Preservation Act Resource 

Protection Area (5) 
C. Pasture land bordering environmentally sensitive areas such as seeps, ponds, 

wetlands, sinkholes, etc. (5) 
D. None of the above (1) 

 
Ss2.  (Interview) Are water sources for watering system safe distances away from 

potential sources of pollution?  
A. Yes (5) 
B. No (1) 

 
Im1.  (Interview) Is the primary use of the watering system for livestock? 

A. Yes (5) 
B. No (1) 

 
Ds2. (*2) Are pastures evenly grazed? (no spot or selective grazing) 

A. Yes (5) 
B. No  (1) 

 
Ds3.  Is the drinking area free of shaded areas? 

A. Yes (5) 
B. No  (1) 

 
Ss3.  Is the watering system located more than 50 feed from waterbodies? 

A. Yes (5) 
B. Not possible due to lay of land/terrain (3) 
C. No (1) 

 
Ss4.  Is the watering system located at the high point in the pasture? 

Im3. (*2)  Are areas adjacent to the drinking area graveled, paved, or otherwise treated to 
provide firm footing and reduce erosion? 

A. Yes (5) 
B. Not possible due to lay of land/terrain (3) 
C. No (1) 

 
Im2. (*2)  Is the site well drained? 

A. Yes (5) 
B. No (1) 

 

A. Yes (5) 
B. No (1) 
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Im4.  Are pipes and valves protected from hazards?  (Traffic, farm operations, freezing 
temperatures, fire, thermal expansion and contraction) 

A. Yes (5) 
B. No (1) 

C. Less than half-full (1) 

 
Im5. (*2) Is the watering facility full? 

A. Full (5) 
B. Half-full (3) 

 
Im6. (*2) Are livestock restricted from the stream? 

A. Yes (5) 
B. No (1) 

 
Ma1. Is the drinking area free of excessive debris, algae, sludge or other materials? 

A. Yes (5) 
B. No (1) 
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D.2 
 

Stream Fencing Assessment Tool - Revised 

Standards:  DCR # WP-2, NRCS 382 Fencing, 472 Use Exclusion 
 
Definition:  Protection by fencing along streams to reduce erosion, sedimentation, and the 
pollution of water from agricultural nonpoint sources.   
 
Category 
This BMP is implemented with: 

A. 
B. 

 

Financial assistance 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 

In2.  (Interview) Do you control the land on both sides of the stream? 

In1.  (Interview) When did you erect the stream fence? 
 

A. Yes 
B. No 

 
In3.  (Interview) Do livestock graze on both sides of the stream? 

A. Yes 
B. No 

 
Ss1.  (Interview) Is the purpose of the fence to restrict livestock access to the stream?   

A. Yes (5) 
B. No (1) 

 
Ma1.  (Interview) How often do you inspect your fences? 

A. As needed (5)  
B. Once a year (3)  
C. Never (1) 

 
In4.  Kind of barrier (fence): 

A. Non-electric standard woven wire 
B. Barbed wire 
C. High tensile electric wire 
D. High tensile non-electric 
E. Wooden board 
F. Boulders/earth fill 
G. Other (specify) 
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Ds1. (*2)  Distance from stream to barrier (fence) is: 
A. ≥ 25 feet (5) 
B. 11-24 feet (3) 
C. < 10 feet (1) 

  
Ds2. (*2) Is there adequate vegetation between the fence and the stream to serve as an 

effective filter strip? 
A. Yes (5) 

E. Gaps large enough for animals to fit through (1)  

B. No (1) 
 
Ds3. (*2) Are livestock restricted from the stream on both sides? 

A. Yes (5) 
B. No (1) 

 
Im1.  Are protected stream crossings available? 

A. Not needed (5) 
B. Yes (5) 
C. No (1) 

 
Im2.  Is shade provided to the livestock (may be portable)? 

A. Yes (5) 
B. No (1) 

 
Im3.  Are alternative water sources available to livestock? 

A. Yes (5) 
B. No (1) 

 
IM4.  Are the fence lines free from signs of heavy traffic? 

A. Yes (5) 
B. No (1) 

 
Ma2. (*3) What evidence exists of worn or damaged fence? 

A. 0%: No wear or damage (5)  
B. < 10%: Little wear or damage (leaning posts, sagging wires) (4) 
C. 10-20%: Moderate wear or damage (a few broken posts, missing wires, or   

boards) (3) 
D. > 20%: Extensive wear or damage (several broken posts, missing wires, or    

boards) (2) 
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D.3 Streambank Stabilization Assessment Tool - Revised 
 
Standards:  DCR # WP-2A, NRCS Standard 342 Critical Area Planting, 472 Livestock 
Exclusion, 475 Animal Trail and Walkways, 580 Streambank and Shoreline Protection, 
612 Tree Planting 
 
Definition:  Protection methods along streams to reduce erosion, sedimentation and the 
pollution of water from agricultural nonpoint sources.   
 
Category 
This BMP is implemented with: 

 

A. Financial assistance 
B. No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) How long has the streambank been protected under this BMP? 
 
In2.  (Interview) Were wildlife and environmental considerations taken? 

A. Yes 
B. No 

 
Ds1.  Are stabilized areas adequately bonded to existing measures or otherwise 

stabilized? 
A. Yes (5) 
B. No (1) 

 
In3.  What measures are used for bank stabilization? 
 
Ds2.  Are bank or shoreline materials installed on stable slopes? 

A. Yes (5) 
B. No, vertical side slopes present (1) 
C. No, undercutting occurring (1) 

 
Ds3.  Are revetments, bulkheads, or groins lower than 3 feet (1 meter) above mean high 

tide, or mean high water in non-tidal areas?  
A. Yes (5) 
B. No (1) 
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Ds4.  Is the area free of scour between the structure and the streambank? 

Ds5.  (*2)  Is the channel and toe of slope free of scouring? 

 

C. No, animals present (1) 

A. Yes (5) 
B. No (1) 

  

A. Yes (5) 
B. No (1) 

Ds6.  Are hardened accesses and livestock crossings present? 
A. No, animals not present (5) 
B. Yes, animals present (5) 

 
Ds7.  Are upgradient animal walkways a minimum of 25 feet from waterways? 

A. No walkways present (5) 
B. Yes (5) 
C. No (1) 

 
Ds8.  Is there a filter strip between the walkway and the waterway? 

A. No walkways present (5) 
B. Yes (5) 
C. No (1) 

 
Im1. (*2) Is the streambank free of concentrated flow coming into the stream via 

sideslopes? 
A. Yes (5) 
B. No, rills present (3) 
C. No, gullies present (1) 

 
Im2.  Is the area downstream from the stabilized area free from increased channel scour? 

A. Yes (5) 
B. No (1) 

 
Im3.  Does the stream have unlimited access to the floodplain? 

A. Yes (5) 
B. No (dikes, walls, etc. present) (1) 

 
Ma1. (*2)  Is the area free of planting failures, need for remulching, or reseeding? 

A. Yes (5) 
B. No (1) 
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D.4 Grass Filter Strip Assessment Tool - Revised 
 
Standards:  DCR # WQ-1, NRCS 393 Filter Strip, Virginia Agricultural BMP Manual 
 
Definition:  Vegetative buffers to filter runoff, anchor soil particles, and protect banks 
against scour and erosion, as a last line of defense against pollutants from cropland or 
animal holding areas.  May also serve as a Zone 3 for riparian buffers. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1. (Interview) Have you installed additional or other practices to enhance the 

functionality of the filter strip (berms to form lanes of flow, etc)? 
 A.  Yes 
 B.   No 
 
In2.  (Interview) What is the filter strip protecting? 

A. Intermittent waterway 
B. Permanent waterway 
C. Open sink hole 
D. Abandoned well 
E. Chesapeake Bay Preservation Act Resource Protection Area 

 

 

A. Yes  

F. Other 
 
In3.  (Interview) What is your typical crop rotation? 

In4.  (Interview) Do you control both sides of the water body? 
A. Yes 
B. No 

 
In5.  (Interview) Do you fertilize the filter strip? 

A. Yes 
B. No 

In6.  (Interview) Do you control undesirable species in the filter strip with herbicides or 
by any other method? 

B. No 
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In7.  (Interview) Is wildlife habitat a consideration? 
A. Yes 
B. No 
 

In13.  How long has the grass filter strip been implemented? 
 
Ma1.  (Interview) How often are plant tissues removed? 

A. Multiple times a year (5) 
B. Annually (5) 
C. Less frequently than annually (3) 
D. Never (1) 

 
Ma2.  (Interview) How often are filter strips inspected? 

A. Multiple times a year, after flooding (5) 
B. Annually (5) 
C. Less frequently than annually (5) 
D. Never (1) 

 
Ma3. (*2)   (Interview) How often is the filter strip repaired (regraded, reseeded)? 

A. As needed (5) 
B. Greater than annually (3) 
C. Never (1) 

 
In8.  The filter strip is comprised of: 
 
In9.  The slope of the drainage area (field) is: 
 
In10. The filter strip area is: 
 
In11. The area serviced by the filter strip is: 
 
In12. The average filter strip width is: 
 
Ss1. (*3) Where is the filter strip located in respect to the runoff surface are? 

A. Downslope (5) 
B. Within (3) 
C. Upslope (1) 
 

Im1.  Is the filter strip free of trees, stumps, brush and rocks: 
A. Yes (5) 
B. No (1) 

 
Im2.  Is the area protected from livestock? 

A. No livestock present at farm (5) 
B. Yes (5) 
C. No (1) 
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Im3. (*2) Evidence of concentrated flow into filter strip: 
A. None (5) 
B. Rills (3) 
C. Gullies (1) 

 
Ma4.  Is the area free of woody stems exceeding 2 inches in diameter? 

A. Yes (5) 
B. No (1) 

B. Moderate deposition (≥ 2 cm but < grass height) (3) 

 
Ma5.  Is the area free of tillage or wheel marks: 

A. Yes (5) 
B. No (1) 

 
Ma6. (*2) Evidence of sediment deposition in areas of concentrated flow? 

A. Shallow deposition (< 2 cm) (5) 

C. Inundated, grass is completely covered (1) 
 
 (PDC) Ds1. (*2) Is the average width of the filter strip between the pollutant source area 

and the water body sufficient? 
 A.  Yes (5) 
 B.  Slightly inadequate (3) 
 C.  Completely inadequate (1) 
 
(PDC) Ds2.  Is the field slope > 1% but < 10%? 

A. Yes (5) 
B. No (1) 

 
(PDC) Ss2.  Is the ratio of the drainage area to the filter strip area shall be less than 70:1 

in regions with RUSLE-R factor values 0-35, 60:1 for values 35-175 and 50:1 for 
values of more than 175?  

A. Yes (5) 
B. No (1) 

 
(PDC) Ss3.  Does the drainage area have a soil loss of less than 10 tons/acre? 

A. Yes (5) 
B. No (1) 
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D.5 Wooded Buffer/Filter Areas Assessment Tool - Revised 
 
Standards:  DCR # FR-3, NRCS 391 Forest Riparian Buffer, Forestry BMPs for Water 
Quality in Virginia, Virginia Agricultural BMP Manual 
 
Definition:  To protect areas along streams to reduce erosion, sedimentation, and the 
pollution of water from agricultural nonpoint sources.   
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) How long has the wooded buffer been implemented? 
 

A. Yes 
B. No 

 

In2.  (Interview) Do you control both sides of the water body? 

 
In3.  Do you control both sides of the water body? 

A. Yes 
B. No 

 
In4.  Do you use the buffer area for flash grazing? 

A. Yes 
B. No 

 
Ss1.  (Interview) Was the crop land/pasture land in production two of the past five years 

prior to establishment? 
A. Yes (5) 
B. No (1) 

 
Im1.  (Interview) Do trees in Zone 1 remain unharvested? 

A. Yes (5) 
B. No (1) 
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Ds1.  Is Zone 1, the area that begins at the normal water line or at the top of the bank and 
extends toward dry land, at least 15 feet wide (measured horizontally on a line 
perpendicular to the water body)? 

A. Yes (5) 
B. No (1) 

 
Ds2.  Is Zone 2, the area that begins at the edge and up-gradient of Zone 1 and extends 

towards dry land, at least 20 feet wide (measured horizontally on a line 
perpendicular to the water body)? 

A. Yes (5) 
B. No (1) 

 
Ds3. (*2) Is the minimum combined width of Zone 1 and 2 100 feet or 30% of the flood 

plain, but not less than 35 feet? 
A. Yes (5) 
B. No (1) 

 
Ds4. If you control both sides of the water body, is the buffer implemented on both sides? 

A. Yes (5) 
B. Don’t own both sides (5) 
C. 

Im2.  Are livestock excluded? 

No (1) 
 
Ds5. (*2) If adjacent to cropland, or highly erosive areas, does the buffer contain a Zone 

3? 
A. Yes (5) 
B. Is not adjacent to cropland or highly erosive areas (5) 
C. No (1) 

 
Ss2. (*2) Buffer is adjacent to and up-gradient of: 

A. Perennial streams (5) 
B. Intermittent streams (5) 
C. Lake/pond (5) 
D. Wetlands (5) 
E. Sinkholes (5) 
F. Other (specify) (1) 

 

A. No animals present (5) 
B. Yes, animals present and excluded (5) 
C. No, animals present and not excluded (1) 

 
Im3.  Were tree shelters used? 

A. Yes (5) 
B. No, pines planted (5) 
C. No (1) 
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Ma1.  Is the buffer free from multiple dead trees or shrubs? 

A. Yes (5) 
B. No (1) 

 
Ma2.  Is the area free from streambank erosion (scouring, vertical slopes, etc)? 

A. Yes (5) 
B. No (1) 

 
Ma3. (*2)  Were tree shelters effective protection 

A. Yes (5) 
B. No, evidence of frost heave (3) 
C. No, evidence of rodent infestation (1) 
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D.6  
 

Permanent Vegetative Cover on Critical Areas Assessment Tool - Revised

Standards:  DCR # SL-11, NRCS 342 Critical Area Planting, Virginia Agricultural BMP 
Manual 
 
Definition:  Planting vegetation such as trees, shrubs, vines, grasses, or legumes on 
highly erodible or critically eroding areas. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) Do you apply nutrients to the permanent cover? 

A. Yes 
B. No  

 
In2.  (Interview) How long has the cover been implemented? 
 
Ss1.  (Interview) Is the site a highly erodible area that cannot be stabilized with ordinary 

techniques? 
A. Yes (5) 
B. No (1) 

 
Ma1.  (Interview) Do you lime and fertilize according to soil results? 

A. Yes (5) 
B. No (1) 

 
Ma2.  (Interview) Do you reseed and/or regrade as necessary? 

A. Yes (5) 
B. No (1) 
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Im1. (Interview) What did the area look like before the average cover? 
A.  Choice A (5) 
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B.  Choice B (3) 
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C.  Choice C (1) 
 

 
 

 
 
Im2.  Is the area protected from livestock grazing? 

A. No livestock present  (5) 
B. Yes (5) 
C. No (1) 

 
Im3. (*2) Is erosion under control? 

A. Yes (5) 
B. No (1) 
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Im4. (*2)  If No to prior question, are additional erosion practices implemented? 
A. Not needed (5) 
B. Adequately (5) 
C. Inadequately (3) 
D. No (1) 
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D.7 Permanent Vegetative Cover on Erodible Crop Land Assessment Tool - 
Revised 

 
Standards:  DCR # Sl-1, NRCS 512 Pasture and Hayland Planting, Virginia Agricultural 
BMP Manual 
 
Definition:  To promote conversion of cropland and fallow land to fields by establishing 
native or introduced forage species to make a healthy, maintained sod. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 

A. Yes 

C. Traditional  (drill, etc) (1) 

In1.  (Interview) Do you apply pesticides, herbicides, rodenticides to the permanent 
cover? 

B. No 
 
In2.  (Interview) Do you apply nutrients to the permanent cover? 

A. Yes 
B. No 

 
In3.  (Interview) Do you irrigate the area? 

A. Yes 
B. No 

 
In4.  (Interview) How long has the practice been implemented? 
 
Ss1.  (Interview) The area was previously used as: 

A. Cropland (5) 
B. Fallow (5) 
C. Other (1) 
 

Im1.  (Interview) What planting methods did you use to establish the cover? 
A. No-till (5) 
B. Conservation till (5) 
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Im2. (Interview) Which picture represents the ground cover from the vegetative cover?   

A.  Choice A (5) 
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B.  Choice B (3) 
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C.  Choice C (1) 

 

 
 

 
 
Im3.  (Interview) What do you utilize the vegetative cover for? 

A. Harvest it (5) 
B. Grazing (1) 
C. Other (5) 

 
Ma1.  (Interview) Do you lime and fertilize according to soil results? 

A. Yes (5) 
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B. No (1) 
 
 
Ma2.  (Interview) Do you reseed and/or regrade as necessary? 

A. Yes (5) 
B. No (1) 

 
Im4. (*2)  Evidence of water erosion? 

A. None (5) 
B. Rills (3) 
C. Gullies (1) 
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D.8 Reforestation of Erodible Crop and Pasture Land Assessment Tool - Revised 
 
Standards:  DCR # FR-1, Forestry BMPs for Water Quality in Virginia, Virginia 
Agricultural BMP Manual 
 
Definition: To change land use to one that will more effectively control the soil and 
nutrient loss from surface runoff, thus improving water quality. 
 
Category 
This BMP is implemented with: 

 

A. Financial assistance 
B. No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) When was the area reforested? 
 

D. > 2 

 

 

E. Gullied or eroded (5) 

In2.  (Interview) How many stand failures from natural causes have you had? 
A. None 
B. 1 
C. 2 

 
Ss1.  (Interview) Was the reforested area in production 2 out of the past 5 years prior to 

reforestation? 
A. Yes (5) 
B. No (1) 

Im1. (*2)  (Interview) Were tree shelters used? 
A. Yes (5) 
B. No, pines planted (5) 
C. No (1) 

Ss2.  Which of the following criteria does the area meet? 
A. 50% or more of soil type Class IIIe/s and above (5) 
B. Land use capabilities Class IV and above with “w” classification for wet 

conditions (5) 
C. Soils with capability subclass “s” and the soil loss for the current land use 

exceeds T (5) 
D. Slope greater than 5% (5) 

F. Other (1) 
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Im2.  Are necessary water control structures such as waterbars, broad based dips and turn 

outs installed? 
A. No, no water control structures are installed, but are not needed (5) 

A. Yes (5) 

B. Yes, water control structures needed and installed (5) 
C. No, no water control structures are installed, but are needed (rills present) (3) 
D. No, no water control structures are installed, but are needed (gullies present) 

(1) 
 
Im3.  Is the area protected from livestock grazing? 

A. Yes (5) 
B. No (1) 

 
Ma1.  (Interview) Was the area mowed or have herbicides been applied during the first 

three years of establishment? 

B. No, evidence of frost heave (3) 
C. No, evidence of rodent infestation (1) 
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D.9 Animal Waste Control Facility Assessment Tool - Revised 
 
Standards:  DCR # WP-4, NRCS 312 Waste Management System, 313 Waste Storage 
Structure, 359 Waste Treatment Lagoon, 362 Diversion, 533 Pumping Plant for Waste 
Control, 516 Pipeline, 558 Roof Runoff Management, 590 Nutrient Management, 633 
Waste Utilization, 634 Manure Transfer 
 
Definition:  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. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) On average, what percent of the time are the animals confined? 

A. 100% 
B. 75-99% 
C. 50-74% 
D. 25-49% 
E. < 25% 

E. Beef—cow/calf 

In3. (Interview) What kind of storage facility do you operate? 

B. Lagoons 

F. Never   
  
In2. (Interview) What kind of operation do you run? 

A. Dairy—free stall, inside feeding 
B. Dairy—free stall, yard feeding 
C. Dairy—other  
D. Beef—feedlot 

 

A. Dry stacking  

C. Liquid manure tanks or holding ponds 
D. Collection basins  
E. Settling basins 
F. Facultative ponds 
G. Combination  
H. Other 
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In4. (Interview) Choose the most appropriate to describe the facility interior. 
A. Lined 
B. Compacted soils 
C. Uncompacted soils 

 
In5. (Interview) How long have you operated an animal waste storage facility? 
 
In6. (Interview) Do you have a nutrient management plan? 

A. Yes 
B. No 

 
In7. (Interview) If you run a dairy, where do you put your milking parlor washoff? 

A. Mixed with other waste in a lagoon or other waste storage 
B. In a separate waste storage facility than other wastes 
C. Other 
D. Don’t run a dairy 

 
Im1.  (Interview) How often do you remove solids from the facility? 

A. Every year (5) 
B. ~ 5-10 years (4) 

 

A. Semiannually (5) 

C. ~ 10-15 years (4) 
D. ~ 15-20 years (3) 
E. Never (1) 

Im2.  (Interview) How often do you pump down the storage facility? 

B. Annually (3) 
C. Greater than annually (1) 
D. Don’t know (1) 

 
Im3.  (Interview) What time of year do you spread manure? 

A. Spring, Summer, Fall (5) 
B. Winter (2) 
C. Daily (1) 

 
Im4.  (Interview) How often is the waste sampled and analyzed?  

A. At least once each year (5) 
B. Less than once a year (1) 

 
Im5.  (Interview) How often do you test soils that you apply manure to? 

A. At least every 3 years (5) 
B. Less than every 3 years (3) 
C. Never (1) 
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Ma1. (Interview) When you pump the system down do you agitate the contents? 
A. Yes (5) 
B. No (1) 

 
Ma2. (Interview) How often do you inspect diversions? 

A. Not needed, above ground storage (5) 
B. After storms (5) 
C. Quarterly (3) 
D. Annually (2) 
E. Never (1) 

K. Other (1) 

Ds3.  If needed, are there diversions? 

B. Not needed, above ground storage (5) 

In 8.  (Interview) On average, how many head of cattle do you have that you collect 
waste from? 

 
In 9.  (Interview) How many days of storage is the facility designed for? 
 
Ds1.  Which of the following describes the embankment height and the associated top 

embankment width? 
A. 15 feet or less  < 8 feet (1) 
B. 15 feet of less  ≥ 8 feet (5) 
C. 15-20 feet  < 10 feet (1) 
D. 15-20 feet  ≥ 10 feet (5) 
E. 20-25 feet  < 12 feet (1) 
F. 20-25 feet  ≥ 12 feet (5) 
G. 25-30 feet  < 14 feet (1) 
H. 25-30 feet  ≥ 14 feet (5) 
I. 30-35 feet  < 15 feet (1) 
J. 30-35 feet  ≥ 15 feet (5) 

L. No embankments needed 
 
Ds2.  Are auxiliary spillways provided? 

A. Yes (5) 
B. No, storage ponds without drainage areas and with less than 3 feet (0.9m) of 

storage above natural ground (5) 
C. No (1) 

 

A. Yes (5) 
B. Not needed, above ground storage (5) 
C. No (1) 

 
Ds4.  Does the diversion have stable side slopes? 

A. Yes (5) 

C. No (1) 
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Ds5.  Does each diversion must have a safe and stable outlet with adequate capacity?  
(Evidence of not would be scour, high water marks, and lack of vegetation in the 
channel) 

 

D. Not protected from 100 year flood (1)  

 

A. Yes (5) 
B. Not needed, above ground storage (5) 
C. No (1) 

Ds6.  Does the outlet convey runoff to a point where outflow will not cause damage? 
A. Yes (5) 
B. Not needed, above ground storage (5) 
C. No (1) 

 
Ss1.  Are waste storage facilities located outside of the floodplain?  (If they cannot be 

located outside of the floodplain, is the facility protected from the 100-year flood 
event or larger?) 

A. Yes (5) 
B. No (1) 
C. Protected from 100 year flood (5) 

 
Ss2.  What is the distance to a private, potable well? 

A. ≥ 100 feet (30 m) (5) 
B. < 100 feet (30 m) (1) 

Ss3.  What is the distance to a public, potable well? 
A. ≥ 300 feet (90 m) (5) 
B. < 300 feet (90 m) (1) 

 
Ss4. What is the distance to a natural flowing watercourse? 

A. ≥ 200 feet (60 m) (5) 
B. < 200 feet (60 m) (1) 
 

Ss5. What is the distance to downslope drainage ditches? 
A. ≥ 100 feet (30 m) (5) 
B. < 100 feet (30 m) (1) 

 
Im6. Are roofs guttered such that water is diverted from the storage facility? 

A. Yes (5) 
B. No (1) 

  
Im7.  Are surface waters diverted from storage facilities? 

A. Yes (5) 
B. No (1) 
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Im8. (*2)  Are embankments and disturbed areas around the storage facility free of 
erosion? 

A. Yes (5) 
B. No (1) 

 
 Im9.  Is the area excluded from livestock? 

A. Yes (5) 
B. No (1) 
 

Ma3. (*2)  Are storage facility inlets free of corrosion, plugging, or freezing damage? 
A. Yes (5) 
B. No (1) 

 
Ma4. (*2)  Are storage facility outlets and pumping platforms free of corrosion, plugging, 

freezing, or damage? 
A. Yes (5) 
B. No (1) 

 
Ma5.  Are diversions free of sediment such that the diversion capacity is not reduced? 

A. Yes (5) 

A. Not needed, above ground storage (5) 
B. Yes (5) 
C. No (1) 

 
Ma6.  Are diversions free of trees, brush, and other vegetation such that diversion   

capacity is not reduced? 
A. Not needed, above ground storage (5) 
B. Yes (5) 
C. No (1) 

 
Ma7.  Is the area downslope of the diversion free of erosion? 

A. Not needed, above ground storage (5) 
B. Yes (5) 
C. No, gullies present (3) 
D. No, rills present (2) 
E. No, coarse materials present (1) 

 
Ma8.  Are gutters free of debris and obstructions? 

A. Yes (5) 
B. Gutters not needed (5) 
C. No (1) 

 
Ma9. (*2)  Is the embankment free from growing trees/shrubs? 

B. No (1) 
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Ma10.  Is the surface of the waste storage facility free from excessive vegetative growth? 
A. Yes (5) 
B. No (1) 

 
Ma11.  Is the waste storage facility and surrounding area free from evidence of varmint? 

A. Yes (5) 
B. No (1) 

Ma13. (*3) Is the waste storage facility free from evidence of leaking? 

 
Ma12. (*2) Is there adequate freeboard? 

A. Yes (5)  
B. No (1) 

 

A. Yes (5) 
B. No (1) 
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D.10 Grazing Land Protection System Assessment Tool - Revised 
 
Standards:  DCR # SL-6, NRCS 528A Prescribed Grazing, 382 Fence, 512 Pasture and 
Hayland Planting, 574 Spring Development, 614 Trough or Tank, 472 Use Exclusion, 
642 Well, 580 Streambank and Shoreline Protection, 378 Pond, 516 Pipeline 
 
Definition: Provide livestock water systems and/or fencing that will improve water 
quality by eliminating direct access to surface waters that have a defined water quality 
problem.  This BMP can be either a structural or managerial practice that enhances or 
protects vegetative cover to reduce runoff of sediment and nutrients from existing 
pastureland and reduce NPS pollution associated with grazing livestock. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. 

 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) When did you implement the grazing land protection system? 
 
In2.  (Interview) Which of the following practices have you implemented as part of 

grazing land protection? 
A. Boundary fencing for grazing distribution and to restrict stream access in 

connection with newly developed watering facilities  
B. Intensive rotational grazing system 
C. Interior fencing  
D. Stream crossings for grazing distribution (only if crossings restrict access to 

stream) 
E. Electric fence controllers/energizers/chargers 
F. Other 

 
In3.  (Interview) What kind of animals mainly graze in this area? 

A. Dairy—dry 
B. Dairy—heifers  
C. Dairy—lactating 
D. Beef – cow/calf 
E. Beef – steer 
F. Sheep  
G. Goats 
H. Horses 
I. Other 
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In4.  (Interview) How many head of livestock are in the grazing system? 
 
In5.  (Interview) On average, how many hours per day do livestock graze in the 

paddocks? 

B. No 

A. Yes 

Im1. (*2) What percent of the grazing area is denuded? 

 
In6.  (Interview) How many paddocks are in the grazing system? 
 
In7a.  (Interview) What is the average area of the paddocks? 
 
In7b.  (Interview) What is the area of the smallest paddock? 
 
In7c.  (Interview) What is the area of the largest paddock? 
 
In8. (Interview) Do you creep-graze livestock? 

A. Yes 

 
In9. (Interview) Do you provide your livestock with supplemental feeding (grain, hay, 

etc.)? 
A. Yes 
B. No 

 
In10. (Interview) Do you fertilize or lime the grazing area? 

B. No 
 
In11. (Interview) Do you apply pesticides or herbicides to the grazing area? 

A. Yes 
B. No 
 

A. < 10% (5) 
B. 10-25% (4) 
C. 25-50% (3) 
D. 50-75% (2) 
E. > 75% (1) 

 
Im2.  Is the pasture grazed uniformly?  

A. Yes (5) 
B. No (1) 

 
Im3. (*2) Are animals restricted to portions of the pasture at a time? 

A. Yes (5) 
B. No (1) 
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Im4.  Are the fence lines free from signs of heavy traffic? 
A. Yes (5) 
B. No (1) 

 
Ma1.   (Interview) Do you have a plan for providing forage in the event of severe drought 

or flooding? 
A. Yes (5) 
B. No (1) 

 
(PDC) Ds1.  Are the paddocsk appropriately sized for the number of animals in the 

system? 
A. Yes (5) 
B. No (1) 
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D.11 Loafing Lot Management System Assessment Tool - Revised 
 
Standards:  DCR # WP-4B, NRCS 561 Heavy Use Area Protection, 590 Nutrient 
Management 
  
Further guidance:  313 Waste Storage Structure, 342 Critical Area Planting, 362 
Diversion, 356 Dike, 359 Waste Treatment Lagoon, 382 Fencing, 392 Riparian Forest 
Buffer, 393A Filter Strip, 412 Grassed Waterway, 516 Pipeline, 574 Spring 
Development, 580 Streambank and Shoreline Protection, 614 Watering Facility, Trough 
or Tank 
 
Definition:  Prevent areas exposed to heavy livestock traffic from experiencing excessive 
manure and soil losses due to the destruction of ground cover by rotating loafing areas 
and providing a sacrifice area for wet weather. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) How many head of cattle are in the loafing lot system? 
 
In2.  (Interview) What kind of sacrifice area do you have? 

A. Paved 
B. Gravel 
C. Dirt 
D. Inside barn 
E. None 

 
In3.  (Interview) How large is the sacrifice area? 
  
In4.  (Interview) How large are compacted areas for cattle feeding? 

In5.  (Interview) How long have you used a loafing lot management system? 

 

 

 
Ma1.  (Interview) Do you scrape/flush the sacrifice area regularly? 

A. Yes (5) 
B. No (1) 
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Ma2.  (Interview) How often do you inspect diversions? 

In6a.  How large is grassed paddock 1? 

In6c.  How large is grassed paddock 3? 

C. No (1) 

A. After storms (5) 
B. Quarterly (3) 
C. Annually (2) 
D. Never (1) 

 

 
In6b.  How large is grassed paddock 2? 
 

 
In6d.  How large is grassed paddock 4? 
 
In7a.  What is the approximate slope of paddock 1? 
 
In7b.  What is the approximate slope of paddock 2? 
 
In7c.  What is the approximate slope of paddock 3? 
 
In7d.  What is the approximate slope of paddock 4? 
 
In8.  What is the slope of the sacrifice area? 
 
Ds1.  How many grassed loafing paddocks are there? 

A. ≥ 3  (5) 
B. < 3 (1) 

 
Ds2.  Is there a sacrifice area? 

A. Yes (5) 
B. No, in poor weather animals return to the barn (5) 

 
Ds3.  Are there diversions? 

A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

 
Ds4.  Do diversions have stable side slopes (no erosion)? 

A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 
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Ds5. Does each diversion have a safe and stable outlet with adequate capacity?  (No   
evidence of scour, high water marks, and/or lack of vegetation in the channel?) 

A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

 
Ds6. Does the outlet convey runoff to a point where outflow will not cause damage? 

A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

 
Ds7.  Are vegetative filter strips in place between the loafing areas and waterways?  If  

so, how wide? 
A. ≥ 100 feet (5) 
B. < 100 feet (3) 
C. None (1) 

 
Ds8.  Are vegetative filter strips in place between the sacrifice area and waterways?  If 

so, how wide? 
A. ≥ 100 feet (5) 
B. Not needed  (5) 
C. < 100 feet (3) 
D. None (1) 

 
Ds9. If streams are adjacent to loafing and sacrifice areas, are they fenced? 

A. Yes (5) 
B. No (1) 

 
Ds10. If streams are adjacent to loafing and sacrifice areas, is there a buffer of at least 25 

feet between the fence and the waterway? 
A. Yes (5) 
B. No (1) 
 

Im3.  Are livestock provided with an alternative water source? 

Im1. Are loafing and sacrifice areas free of evidence of critically eroding or sensitive 
areas that need protection? 

A. Yes (5) 
B. No (1) 

 
Im2.  Are roofs guttered or located such that water is diverted from loafing and sacrifice 

lots? 
A. Yes (5) 
B. No (1) 
 

A. Yes (5) 
B. No (1) 
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Ma3.  Are diversions free of sediment such that the diversion capacity is not reduced? 

A. Yes (5) 

A. Yes (5) 

A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

 
Ma4.  Are diversions free of trees, brush, and other vegetation such that diversion 

capacity is not reduced? 
A. Yes (5) 
B. Diversions not needed (5) 
C. No (1) 

 
Ma5.  Is the area downslope of the diversion free of erosion? 

B. No, gullies present (3) 
C. No, rills present (2) 
D. No, coarse materials present (1) 

 
(PDC) Ds11a.  Is paddock 1 sufficiently sized? 

A. Yes (5)  
B. No (1) 

  
(PDC) Ds11b.  Is paddock 2 sufficiently sized? 

A. Yes (5) 
B. No (1) 

 
(PDC) Ds11c.  Is paddock 3 sufficiently sized? 

A. Yes (5) 
B. No (1) 
 

(PDC) Ds11d.  Is paddock 4 sufficiently sized? 

B. Do not need 4 paddocks (5) 
C. No (1) 

 
(PDC) Ds12.  Is the sacrifice area sufficiently sized? 

A. Yes (5) 
B. No (1) 

 
(PDC) Ss1. Are paddocks slopes (on average) greater than 3% and less than 8%? 

A. Yes (5) 
B. No (1) 

 
(PDC) Ss2. Is the slope of the sacrifice lot between 3% and 10%? 

A. Yes (5) 
B. No (1) 
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D.12 Late Winter Split Application of N on Small Grains Assessment Tool - 
Revised 

 
Standards:  DCR # NM-4, Virginia Agricultural BMP Manual 
 
Additional Sources:  Virginia Nutrient Management Handbook, Virginia Nutrient 
Management Standards and Criteria 
 
Definition: Applying nitrogen during the winter season in two increments bases on the 
progression of growth of the small grain crop to minimize nitrogen leaching and runoff. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) What method did you perform to determine the split N applications? 

A. Tiller counts 

C. Rye  

A. ≤ 60 lb (5) 

B. Tissue tests 
C. Determined by fertilizer dealer 
D. Other 

 
In2.  (Interview) Do you follow a nutrient management plan? 

A. Yes 
B. No 

 
In3.  (Interview) Fields are planted in: 

A. Wheat  
B. Barley  

D. Oats 
E. Triticale 
F. Other 

  
Ds1.  (Interview) How much nitrogen did you apply in the February application?  

B. > 60 lb (1) 
 
Ds2.  (Interview) How much total nitrogen did you apply in (February plus March)? 

A. ≤ 120 lb (5) 
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B. > 120 lb (1)  
Im1.  (Interview) How far apart are the split applications? 

A. ≥ 30 days apart (5) 
B. < 30 days (1) 
 

Im2.  (Interview) When do you apply the first split application? 
A. February 1 or later (5) 
B. Earlier than February 1 (1) 

 
Im3a.  (Interview) Did you apply manure or sludge (organic sources of N) to the fields 

this current crop year or in previous years? 
A. Yes (0)  
B. No (5) 

 
Im3b.  (Interview) If yes to the previous question, do you perform a fall soil nitrate test? 

A. Yes (5) 
B. No (1) 
C. No to previous question (0) 
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D.13 Protective Cover for Specialty Crops Assessment Tool - Revised 
 
Standards:  DCR # SL-8, NRCS 340 Cover Crop, Virginia Agricultural BMP Manual 
 
Definition:  To provide cover for bare land after the harvest of specialty crops in order to 
reduce wind and water erosion. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. 

 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) Cover crop is killed by what means: 

A. Mechanical 
B. Chemical 
C. Grazing 
D. Other (specify) 
E. None 

 
In2.  (Interview) Do you pasture on the cover crop area? 

A. Yes 
B. No 

 
In3.  (Interview) Do you apply herbicides for weed control? 

A. Yes 
B. No 

 
In4.  (Interview) Do you mow the cover crop? 

A. Yes 
B. No 

 
In5.  (Interview) Do you apply nutrients to the cover crop? 

A. Yes 
B. No 

 
In6.  (Interview) Specialty crop is: 

A. Vegetables 

C. Other 
B. Tobacco 
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In7.  (Interview) What seed do you use for the cover crop? 
 
Im1. (*2) (Interview) Is cover established for spring and summer cover? 

A. Yes (5) 
B. No (1) 

 
Im2.  (Interview) When is the winter cover crop established by? 

A. November 30 or before (5) 
B. After November 30 (1) 

 
Im3. (*2)  (Interview) How long do you maintain growth after seed establishment? 

A. As long as needed for conservation (5) 
B. > 90 days (3) 
C. < 90 days (1) 

 
Im4.  (Interview) What do you utilize the cover crop for? 

A. Utilized only as cover (5) 
B. Pasturing (3) 

 

C. Hay (1) 
D. Seed (1) 
E. Other (1) 
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Im5.  (Interview) What did your field look like a month after you seeded for the cover 
crop? 

A.  Choice A (5) 
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B.  Choice B (3) 
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C.  Choice C (1) 
 

 
 

 
 
Ma1.  (Interview) Is the crop residue disposed of in any way other than burning? 

A. Yes (5) 
B. No (1) 

 286  



D.14 Sidedress Application of N on Corn Assessment Tool - Revised 
 
Standards:  DCR # NM-3, Virginia Agricultural BMP Manual 
 
Additional Sources:  Virginia Nutrient Management Handbook, Virginia Nutrient 
Management Standards and Criteria 
 
Definition: A banded application of the major portion of the nitrogen requirement 
between rows of corn at a growth stage (15” to 24” tall) when the plant is entering the 
highest demand for nitrogen to minimize nitrogen loss through leaching and runoff.   
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 
 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) How many acres do you have planted in corn that receives sidedress N 

application? 
 
In2.  (Interview) Do you follow a nutrient management plan? 

 
Im1.  (Interview) What is the total amount of N applied before the sidedress application 

(before the corn is 15 inches high)? 
A. ≤ 50 lb/acre (5) 
B. > 50 lb/acres (1) 

 
Im2.  (Interview) At what growth stage was the sidedress applied? 

A. ≥ 6-leaf stage / 15-24 inches tall (5) 
B. < 6-leaf stage / <15 inches tall (1) 
 

Im3.  (Interview) Did you apply sideress according to PSNT recommendations? 
A. Yes (5) 
B. No (1)  

 
Im4.  (Interview) How much total nitrogen do you apply? 
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D.15 Small Grain Cover Crops Fertilized and Harvested Assessment Tool - 
Revised 

 
Standards:  NRCS 340 Cover Crop 
 
Definition: Grasses, legumes, forbs, or other herbaceous plants established for seasonal 
cover and conservation purposes; to double crop a small grain and provide a nutrient 
sink. 
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. No financial assistance 

 
Site ID Number 
 
Date/Time 
 
GPS Location 
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Ma1.  (Interview) What did your field look like just before the first freeze? 

A.  Choice A (5) 
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B.  Choice B (3) 
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C.  Choice C (1) 

 

 
 

 
 

In1.  Evidence of water erosion? 
A. None 
B. Rills 
C. Gullies 
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In2.  Evidence of sediment deposition along windbreaks?  

A. None 
B. Minimal 
C. Moderate 

 
Ss1.  Which of the following does the field meet: 

A. Contain soils with a Leaching Index of ≥ 6 on at least 1/3 of the acreage (5) 
B. Determined to be a HEL for the Food Security Act (5) 
C. At least 1/3 of the acreage has a Water Quality Index of ≥ 5 (5) 
D. Has an Erosion Index of ≥ 8 (5) 
E. None of the above (1) 

 
Im1.  Is the area protected from livestock? 

A. Yes (5) 
B. No (1) 
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D.16 Small Grain Cover Crops for Nutrient Management Assessment Tool - 
Revised 

 
Standards:  DCR # SL-8B, NRCS 340 Cover Crop, Virginia Agricultural BMP Manual 
 
Definition: Grasses, legumes, forbs, or other herbaceous plants established for seasonal 
cover and conservation purposes.   
 
Category 
This BMP is implemented with: 

A. Financial assistance 
B. 

 
No financial assistance 

Site ID Number 
 
Date/Time 
 
GPS Location 
 
In1.  (Interview) Cover crop is killed by what means: 

A. Mechanical 
B. Chemical 
C. Grazing 
D. Other (specify) 
E. None 
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Im1.  (Interview) Do you use the field for pasturing?  If so, how much cover is 
maintained through mid-March? 

A. No (5) 
B. Choice A (5) 
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C. Choice B (3) 
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D. Choice C (1) 
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Ma1.  (Interview) What did your field look like just before the first freeze? 
A. Choice A (5) 
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B. Choice B (3) 
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C. Choice C (1) 
 

 
 

 
 
 
In2.  Evidence of water erosion? 

A. None 
B. Rills 
C. Gullies 
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In3.  Evidence of deposition along field borders? 
A. None 
B. Minimal 
C. Excessive 

 
Ss1.  Which of the following does the field meet: 

A. Contain soils with a Leaching Index of 6 or greater on at least 1/3 of the 
acreage (5) 

B. At least 1/3 of the acreage has a Water Quality Index of 5 or greater (5) 
C. Has an Erodibility Index of 8 or greater or Determined to be a HEL for the 

Food Security Act (5) 
D. None (1) 
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