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ABSTRACT

Soil erosion reduces the productivity of agricultural soils and impairs rivers and streams
through sediment and nutrient pollution. Although the current erosion rates from farmland are
less than during the 1800s, agriculture is still a leading source of impairment of U.S. streams.
The Natural Resources Conservation Service and Soil and Water Conservation Districts (SWCD)
work with farmers to address erosion issues. The 1985 Farm Bill required farms receiving
federal aid to use approved soil conservation plans to reduce erosion. During a year-long
internship with the Guilford SWCD, I managed and analyzed the central N.C. county's 1,887
conservation plans. I created an Excel and GIS database to store key information from the
conservation plans including the plan number, contract dates, and the acreage under each
conservation practice. The conservation plans were analyzed using both the GIS interface and
the statistical functions within Excel. The conservation plans covered 63,005 acres (15% of the
county) and included most of the county's watersheds. By the end of 2018, the land in only 70%
of the plans fully remained in agriculture, due to urbanization. The majority of the plans (68%)
were written in the 1980s in response to the 1985 Farm Bill. The most common conservation
practices included crop rotation, residue management, contour farming, and grassed waterways.
An analysis of the years since the plans were last visited indicated that 79% of the plans were not
visited in the last 23 years; however, this is likely an overestimation pointing to the lack of
consolidated record keeping for farm visits. The internship was an immersive experience and
included farm trips, the development of training materials to help future interns work with the
SWCD, and the creation of the first map of the county's conservation plans. The results quantify

the district's efforts to control soil erosion in the area using conservation plans.
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

Between May of 2018 and April of 2019, I volunteered 432 hours as an intern with the
Guilford Soil and Water Conservation District (SWCD). The internship was completed as part
of the University of Illinois at Urbana-Champaign's Natural Resources and Environmental
Sciences (NRES) master's program, in partial fulfillment of the requirements for the capstone
internship course NRES 505. The 12-month internship involved research, data management,
data entry, data analysis, GIS mapping, as well as writing, workshops, field visits, and more.

This section provides the background and foundational underpinnings of my internship
and this paper. The internship goals and objectives, as initially designed, are discussed first. The
following sections then review the literature to provide the scientific background for my work

with the Guilford SWCD.

1.1 INTERNSHIP SIGNIFICANCE

The internship with Guilford SWCD provided a nice compliment to my NRES
experience. As a master's student, I was exposed to coursework in four areas: social factors,
ecology, modeling, and research design and analysis. [ was able to incorporate my coursework
in soils, ecology, GIS, and horticulture into my internship experience both directly (e.g. making
soil maps and writing up training material about conservation practices) and indirectly (e.g. using
course material on motivations to understand why farmers may or may not be motivated to use a
given conservation practice). The internship experience provided a perfect medium through
which I could apply what I had learned in my coursework while also providing real-world

experience and application of course concepts which I could bring back into the classroom to



enrich class discussions and assignments. Much more than basic data entry, this internship
rounded out my NRES experience while reinforcing the skills and concepts discussed in class.
There are nearly 1,900 plans in Guilford County. The plans are stored in hard-copy only,
in file folders in the main office. As plans are written, amended, appended (i.e. when new grants
or funded projects are approved), or checked, the new contract(s) are added to the folders. Each
plan may be located in various databases including the Natural Resource Conservation Service
(NRCS), Farm Service Agency (FSA), or county databases. However, there was no central
database or means of searching all of the information contained within each plan. Consequently,
there was also no means of mapping or analyzing the data contained within the plans. The initial
driver of this internship was to create a digital, functional repository where the conservation

plans could be stored, searched, accessed, and analyzed.

1.2 INTERNSHIP GOALS

Before beginning the internship, a set of goals were set forth in the Graduate Internship
Approval Form. Each goal, as initially constructed, is presented below. Note that in the context
of this paper, "conservation plans" refers to agricultural conservation plans created by the SWCD
or the NRCS to manage farm resources in a way that protects or restores the environment,
conserves the soil, and maintains the productivity of the soils. The conservation plans typically
include information about the landowner, property size, technical manuals, soil maps, aerial
photos, and the selected conservation practices. The conservation practices commonly used
include, but are not limited to, the following: grassed waterways, cover crops, conservation

tillage, contour farming, crop rotations, critical areas of seeding, terraces, and field borders.



Measurable objectives were defined for each goal, as were specific tasks and activities.
The percentage of time each goal was expected to take, and the expected completion dates are

also listed.

Goal 1 - Manage Guilford County's agricultural conservation plans (65%)
Objective 1.1 Develop an understanding of the historical context of conservation plans
(June, 10%)
e Complete a literature review relating to conservation plans and conservation practices.
e Complete a literature review relating to the previous farm bills.
Objective 1.2 Data collection, management, and analysis (November, 40%b)
e Create an Excel spreadsheet and database for managing the conservation plans.
e Digitize portions of the conservation plans by entering select attributes into the database.
e Locate each property on a map and update the property information (i.e. the current
landowner), the soil map, and the aerial photograph.
Objective 1.3 Develop a pilot GIS database to store and manage the conservation plans
(January, 10%0)
e Work within the county GIS database to digitize the existing conservation plans. This is
a pilot program, rather than a full-scale integration of all the conservation plans into the
GIS database. The goal is to develop a prototype GIS database of a subset of the
conservation plans which will be presented to the SWCD staff to see if the data format
and structure is useful for their purposes.
Objective 1.4 Provide guidance for future database management (February, 2.5%)

e Develop a written standard operating procedure (i.e. a user manual) for digitally entering



and recording new conservation plans. The manual can be used by future employees or
interns to keep the database up to date.
Objective 1.5 Preservation of materials (February, 2.5%)
e Store the active plans.

e With the guidance of the county office, archive the inactive plans.

Goal 2 - Analyze & evaluate Guilford County's agricultural conservation plans (35%b)
Objective 2.1 Develop an understanding of the historical context of the county's agriculture
(January, 5%)

e Gather information on the history of agricultural land use in the county (allotments;
prison farm; primary conservation practices).

e With the U.S. Department of Agriculture (USDA) NRCS specialist, perform a site visit to
one farm property in the county to assist in the early stages of developing a new
conservation plan. This will provide an opportunity to acquire hands-on experience
developing conservation plans as well as an opportunity to observe conservation practices
actively being used.

Objective 2.2 Analyze the compiled conservation plans looking for trends (February, 25%o)

e Qualitatively analyze the conservation plans. I will be looking for trends such as which
types of practices are used, if there are areas of the county with more conservation plans,
and how has land use changed?

¢ (Quantitatively analyze the county data to investigate questions such as how many

conservation plans have been created, how much farmland is left in the county, how



much county land has a conservation plan on it, and how much time has passed since the
property was last visited?
Objective 2.3 Presentation of data (March, 5%)
e Provide training to the SWCD staff on how to utilize and update the newly created
conservation plan database.
e Compile a report summarizing and analyzing information about the county's historical

and current conservation plans, and present this to the district office.

1.3  GUILFORD COUNTY BACKGROUND

Guilford County is located in central North Carolina (Figure 1). The cities of Greensboro
and High Point (located within the county) combine with Winston-Salem (to the west) to form
the Triad region of the state. The county covers 645 sq. mi. (USCB, 2017), contains 962 farms
covering about 22% (90,750 acres) of the county's area (USDA, 2012) and includes a population
0f 521,330 (USCB, 2017). In terms of land use, layers (chickens) constitute the largest quantity
of livestock, with forage, soybeans, and wheat making up the three largest agricultural uses by
acreage (USDA, 2012), although cotton and tobacco have historically dominated the local
industry.

Guilford County sits right on the border between the northern Piedmont where,
historically, tobacco was more common and the southern Piedmont where cotton was dominant.

Today, tobacco, grains, dry beans, and nursery crops produce the largest sales in the county

(USDA, 2012).



200 Miles

Figure 1: Map showing the location of Guilford County (grey) in central North Carolina.

1.4  JORDAN LAKE WATERSHED

Jordan Lake is a 13,900-acre lake in central N.C. along the Haw River. The lake is a
water supply reservoir and it also provides recreational opportunities (NCDEQ, 2019a). The
watershed extends to the northwest and covers much of Guilford County (Figure 2).

The Jordan Lake Nutrient strategy was created in 2009 with the goal of restoring the
watershed's water quality by reducing upstream pollution (NCDEQ, 2019b). There are several
components to this rule including nutrient reductions, construction rules, and buffer regulations.
The Jordan Lake Buffer Rule protects the riparian buffers of streams in the Jordan Lake

watershed by requiring a 50-foot buffer to be maintained.

Figure 2: The Jordan Lake Watershed in N.C. Guilford County is boxed in red. Most of
the streams in Guilford County are part of this watershed (data from USEPA, 2018).



Figure 3: Aerial image of a man-made pond showing extensive erosion and sedimentation.
Also evident are signs of heavy animal traffic and the lack of any livestock exclusion
fencing (GuilfordCounty, 2018).

Agricultural operations are frequently exempt from regulations such as labor or
sedimentation rules, but the Jordan Lake Buffer Rule does not exempt farms (although manmade
ponds and ditches are exempt (NCDEQ, 2012). This exemption exists despite the fact that
manmade ponds may convey sediment into the larger stream system. Manmade ponds

frequently do not have a buffer surrounding them, may not have an animal exclusion fence, and

can show evidence of erosion (Figure 3).

1.5 GUILFORD COUNTY PRISON FARM

The Guilford County Prison Farm is a large working farm in the eastern portion of the
county. The farm transferred management in 2015 and is no longer worked by prisoners.
However, non-profits still operate portions of the farm and provide important benefits to the

community.

1.5.1 Prison Farm Background
The Guilford County Prison Farm is an 806-acre farm that was established in 1935.

According to the county's Prison Farm Transition Plan, labor was provided by non-violent



offenders who were serving sentences of 3-6 months (Guilford County, 2015). There were
several operations occurring on the farm including crop production, pasture land, greenhouses,
and a firing range. Between 2012 and 2014, the average revenue from these practices was
$535,456 (Guilford County, 2015). However, changes to sentencing laws reduced the number of
prisoners allowed to work outside of the jail, which reduced the number of inmates at the farm
from a high of 47 down to 7 (Guilford County, 2015). In 2015, the farm transferred management
to a property management company and the farm now functions at a more public level, with
several small programs operating simultaneously.

One such organization is Brothers Excelling with Self-sufficiency to Thrive (BEST),
which is a non-profit working to mentor men in the city by teaching them how to grow food
using hydroponic methods (Yost, 2017). As is common with urban farming, the core mission of
BEST is directed at providing community services and resources, in addition to providing food.
The BEST curriculum has two main missions: (1) to educate people with limited access to fruits
and vegetables about healthy eating practices, and (2) to mentor young men by addressing issues
specifically facing the black community (Yost, 2017).

Urban farming has a variety of benefits beyond food production. Urban farming can
provide access to high-quality food and address food insecurity (Specht et al., 2014), while also
addressing social issues. Social benefits include the provision of educational facilities, linking
consumers to food production (Specht et al., 2014), sustaining social networks, and empowering
community members to revitalize their communities (Vitiello & Wolf-Powers, 2014). BEST is a
great example of the development of human and social capital because it not only connects
people lacking access to food directly to the food production system, but it specifically works to

mentor men to overcome society's challenges.



1.5.2 Health Benefits of Prison Farming

While some argue that the greatest benefit of urban agriculture comes from the
development of social networks (Vitiello & Wolf-Powers, 2014, p. 509), the health benefits
should not be overlooked. A 2016 WHO report summarizing the research on the health effects
of green spaces, recognized "four principal and interacting pathways through which nature or
green space may contribute to health: improved air quality, enhanced physical activity, stress
reduction and greater social cohesion" (WHO, 2016, p. 4). The psychological benefits of green
spaces include reduced stress and better immune functioning (WHO, 2016). Through biological,
physical, chemical, physiological, and psychological means, exposure to nature, directly and
indirectly, affects one's immune system (Kuo, 2015). By affecting a person's immune system,
health effect such as lowered blood pressure, lowered stress, lowered risk of cardiovascular
disease, and lowered fatigue can be realized (Kuo, 2015). The prisoners engaged in farming
activities would likely have received physical and psychological benefits beyond what would
normally be received in a standard prison sentence.

The farm experience also provided skills training. Previous studies have found that
horticultural training improves a prisoner's chances of obtaining employment (O'Callaghan &
Robinson, 2006) and positively impacts the community (Robinson & O'Callaghan, 2008).
Guilford County's Prison Farm likely provided low-risk prisoners with access to psychological
benefits and training that could be used to advance his or her place in society. Now that the farm
has been converted into a public-private space, BEST is aiming for the same health and social
benefits of urban farming to be delivered to a new target population: young men of color.

While farms (or green spaces) in a community offer social (WHO, 2016), ecological

(Flitcroft et al., 2009), and physiological benefits (Kuo, 2015), the focus of this paper, and of



conservation plans generally, is on the more narrow goal restricted to controlling sediment and
nutrient loss from fields. The primary goals of conservation practices are to protect the health of

the nation's waterways and to maintain the productivity of soils (especially for crop production).

1.5.3 Borrow Pit Restoration

When the prison was in full operation, there was a one-time revenue source in addition to
the crop, pasture, greenhouse, and firing range on the site: the sale of fill dirt. In 2012, 100 acres
were used for a borrow pit, and 307,000 cubic yards of fill dirt were removed (the topsoil was
replaced). The county received $200,000 in compensation (Guilford County, 2015). A borrow
pit is where the subsoil is removed for use on construction sites (i.e. roads, developments, etc.)
located elsewhere. The N.C. Department of Transportation (NCDOT) has specific guidelines
about how the soil should be removed and requires that the topsoil be replaced (NCDOT, 2008).
The demand for fill-dirt is a rapidly growing market in the U.S. (Schiffman, 2018).

Because the borrow pit removed sub-soil from farmland, there was concern over the
long-term effects on the soil's productivity for the 100-acres of fallowed farmland. Previous
studies in gravel pits at northern latitudes have found that the ecological community is slow to
recover, or does not return to its previous structure (Hugron et al., 2013). However, with the
addition of amendments such as compost, the land can be effectively rehabilitated. For example,
one study on a borrow pit in Georgia found that the addition of compost and organic material
was sufficient at helping a native prairie to establish and produce greater biomass than a prairie
established on a borrow pit without the addition of amendments (Watts et al., 2012). Considering

that the original topsoil was replaced in the borrow pits in accordance with NCDOT standards, it
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is likely that while the productivity of the soil decreased, the land could still be used for

agriculture or other purposes.

1.6  SOIL AND WATER CONSERVATION DISTRICTS

The first SWCD was created in south-central North Carolina in the 1930s (Cox, 2017).
Conservation districts are required by state law to work with landowners and operators, both
public and private, to design and implement natural resource management programs (NACD,
2019). The SWCD provides conservation assistance to all members of the community, although
attention is usually focused on farmers because of regulations requiring some farms to have a
certified conservation plan (Helms et al., 2006). In addition to the promotion of conservation
practices frequently included in conservation plans, the SWCD provides guidance on best
management practices to protect waterways of both urban and rural environments, works with
the NRCS to oversee well closures and manure lagoon closures, provides outreach and education
to people of all ages, and leads a state-wide environmental competition for middle and high
school students.

The Guilford County SWCD is one of the North Carolina's 96 districts (Cox, 2017)

which provide conservation assistance and guidance to landowners.

1.7  HISTORICAL EROSION

In order to understand the significance of erosion on croplands todays, it is useful to
compare today's erosion to the erosion that occurred before and during the early colonial times.
In his treatise on historical soil erosion, S. Trimble (2008) determined historical erosion rates

across the southern Piedmont (a region between the coastal plain and the mountains stretching
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from Alabama, through Georgia, South Carolina, and North Carolina, and into Virginia). Using
cropping records and journals of early explorers and surveyors, Trimble pieced together a
timeline of erosion in the southern Piedmont.

During the colonial expansion into the south, explorers consistently reported clear
streams, even in times of storms (Trimble, 2008). However, the expansion of the colonies
quickly changed the environment by the mid-1800s. Sir Charles Lyell, a geologist, wrote how
once the native tribes in Georgia were expelled and the land cleared by colonists, the river
quickly became cloudy with sediment (Trimble, 2008). Such reports are consistent across the
region and indicate that prior to European settlement, erosion and turbidity were almost non-
existent. Landslides, storms, forest fires, and Native American agriculture amounted to only
"negligible" erosion rates (Trimble, 2008). Under intact forests, soil was lost at a rate of 1/10th
of an inch every 1,000 years; after settlement, an estimated rate of 80 inches every 1,000 years
was more common, with some areas eroding as fast as 300 inches every 1,000 years (Trimble,
2008).

Between 1700 and 1860, erosion increased across the Piedmont. Tobacco and corn were
favored crops, both of which used cleared floodplains. Land was used continuously until it was
no longer productive, and then it was abandoned. Slave-density correlated with soil erosion rates
because more slaves could clear more land and tend more tobacco or cotton (Trimble, 2008). By
1850, a land survey of 368,000 acres in South Carolina described more than a quarter of the land
as being wasted from use (Trimble, 2008). The cleared forests were used until exhausted and
then were abandoned, which were then eroded with deep gullies.

Trimble determined that the greatest amounts of soil erosion occurred between 1860 and

1920. The emancipation of slaves resulted in more tenant farmers, which resulted in an increase
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in soil erosion because of poor land management practices (Trimble, 2008). During this time
period, the streams filled with sediment, raising the water tables and turning the floodplains into
wet meadows; cultivation then shifted to the uplands where erosion occurred at even higher rates
(Trimble, 2008). The cleared land, steeper slopes, and more frequent flooding increased the
scouring and gully formation (Costa, 1975). By 1934, "the USDA reconnaissance Erosion
Survey (1934) classified over 1200 square miles of the Piedmont as 'Destroyed by Gullying"
(Trimble, 2008, p. 32).

The large amounts of soil erosion that occurred during the colonial times subsided. In the
last century, largely led by the efforts of the Soil Conservation Service (SCS, later the NRCS),
erosion rates greatly subsided, and the land slowly healed. Stream turbidity rates decreased
substantially. According to the 2007 Natural Resources Inventory on cropland soil erosion,
water erosion was reduced 43% (720 million tons) per year between 1982 and 2007. On a per-

acre scale, water erosion dropped from an annual rate of 4.0 tons per acre to 2.7 tons per acre of

the same 25-year time frame (USDA & NRCS, 2010).

1.8 EFFECTS OF SOIL EROSION

Intact forest is the best type of land cover for protecting the soils. Conversion of forested
land into cropland not only increases erosion, but it also increases pollutants (including sediment,
nitrogen, and phosphorus) entering the streams (Elias et al., 2016). Agricultural lands can also
discharge bacteria, coliform, toxic chemicals such as arsenic, and parasites such as giardia (Elsin
et al., 2010). Sediment, a pollutant itself, also acts as a carrier of other pollutants, which enter

streams attached to the soil particle.
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According to the EPA's National Water Quality Assessment, non-point pollution from
agriculture operations accounts for the largest known source of impairment on streams and rivers
and is one of the top contributors for impairments of lakes, wetlands, estuaries, and groundwater
(USEPA, 2019). Agriculture is a major source of the nutrients polluting the Mississippi River
and causing the hypoxic (low-oxygen) zone in the Gulf of Mexico (Goolsby et al., 2001). States
write Total Maximum Daily Loads (TMDLSs), which are pollutant reduction targets for
watersheds specifically designed to address a pollutant of concern in a particular stream. North
Carolina has more TMDLs written for pollutants than any other state, although most (97.7%) are
for mercury (USEPA, 2019). Sediment is one pollutant of special focus for agricultural
operations.

Controlling sediment lost from agricultural fields requires modeling how much sediment
is lost in the first place. The Universal Soil Loss Equation (USLE; currently the revised version:
RUSLE and RUSLE?2) is commonly used to calculate soil lost from farm fields. The equation
calculates the tons of soil lost per year, taking into consideration a rainfall factor, the erodibility
of the soil, the slope length and steepness, cropping schemes, and conservation practices such as
terraces (Walker & Pope, 1983). The USLE was designed for long-term predictions of soil loss
(Reyes et al., 2004) for an entire field and may not reflect local hot-spots of erosion. In fact, the
problem of erosion can be ultra-local; the areas of a field experiencing the highest rates of
erosion can be ruined, even if the soil loss over the entire field is still acceptable (Troeh et al.,
2004, p. 3). In addition, most of a field's soil erosion may occur over only a couple of storms
when the soil is more exposed (Troeh et al., 2004, p. 3).

Attention should, therefore, also be paid to small areas of a farm field (such as the

unvegetated areas around ponds or places where animals can access waterways) because the
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erosion occurring around these areas may negate the gains achieved with the other farming
practices.

Degraded soils with a shallower topsoil layer are lower in fertility than healthy, deep
soils. The soil that erodes may be deposited in the floodplain, in the stream, or exported
downstream. When the sediment collects in the stream, not only are there negative ecological
effects (USDA & NRCS, 1995), but there are geomorphological changes: the aggradation of the
stream channel raises the water table and increases the frequency of overbank flows (Trimble,
2008).

Soil erosion, especially erosion on agricultural fields, negatively impacts the local and

regional watersheds. Congress has passed several laws to address erosion on farmlands.

19 FARMBILLS

The history of NRCS and conservation districts are tightly connected. Public Law 74-46
passed on April 27, 1935 acknowledging that "the wastage of soil and moisture resources on
farm, grazing, and forest lands...is a menace to the national welfare" (USDA & NRCS, 2019b).
The Soil Conservation Service (SCS) was established under the USDA, and it became the
Natural Resources Conservation Service (NRCS) in 1994 (USDA & NRCS, 2019b).

In 1985, Congress passed the Food Security Act of 1985, or the 1985 Farm Bill (Food
Security Act of 1985 P.L. 99-433, 1986). Up until this time, conservation efforts were largely
voluntary. The 1985 Farm Bill mandated that any farmer receiving federal funds and assistance
have a soil conservation plan in place. The conservation plans were written by the NRCS staff,
sometimes with the assistance of the local watershed district. The law required "conservation

compliance", which meant that (1) "highly erodible lands" (HEL) (as defined by soil type and
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slope) use a soil conservation plan, and (2) wetlands must not be converted into crop production
(Stubbs, 2015). Failure to comply with the law would either result in a loss of benefits or in the
farmer having to pay back any benefits received. The law does not "regulate the use of private
or non-Federal land", but simply denies benefits from those who "drain wetlands for the purpose
of producing agricultural commodities" (emphasis added, Stubbs, 2015, p. 1).

The enactment of the 1985 Farm Bill significantly reduced the erosion occurring on
farmlands in the U.S. Highly erodible lands were either farmed with approved conservation
practices or converted into more protective land uses such as pasture or timber. The acres of
wetlands in the U.S. increased between 1997 and 2007, although agriculture and urban and
industrial development accounted for 15% and 60% of the gross loss of wetlands during the
timeframe (Stubbs, 2015).

The Farm Bill is updated every five years by Congress. While there have been small
changes to the original law, the two major conservation provisions have remained. The 2002
Farm Bill reauthorized funding through the Environmental Quality Incentives Program (EQIP)
which farmers could use to implement conservation practices (USDA & NRCS, 2019¢). The
2015 version of the law modified which crop insurance benefits could be lost if the conservation
plan was not followed (Stubbs, 2015). The 2018 Farm Bill updated the law to add additional

funding for conservation easements and conservation programs (USDA, 2019).

1.10 MOTIVATING FARMERS
Motivating farmers to implement soil conservation practices can be difficult, especially
when there is disagreement over the relative importance of such measures. With the increasing

size of both agricultural operations and equipment, and with the adoption of reduced tillage
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operations, many farmers may believe that conservation measures such as contour farming and
windbreaks are unnecessary (Troeh et al., 2004). However, both methods protect the soil.

One's previous beliefs also affect whether people are more or less likely to change a
behavior. From an ecological perspective, the SWCD and NRCS are interested in getting the
greatest number of farmers to implement soil conservation measures to meet the greatest
reduction in soil loss for the region. Getting new farmers on board with practicing conservation
practices can be difficult. One study surveying large-farm owners' motivations towards adopting
conservation practices found that while many farmers were interested or concerned in soil

m

conservation, receiving modest financial payments "'crowded out' intrinsic motivations for
contributions to the public goods" (Andrews et al., 2013, p. 501). However, other studies have
found that financial incentives can be effective motivation.

A separate study by Auerswald et al. (2018) found that subsidies could effectively
motivate farmers to implement soil conservation practices, but did not to change their other
erosive practices. While funds are readily available to farmers for the implementation of
conservation measures, farmers should not be expected to reduce erosion on their fields through
the voluntary adoption of conservation measures; the use of supplemental funding and regulatory
requirements such as the 1985 Farm Bill, may be needed to initiate and maintain farmers'
investment in conservation practices.

Motivation is an important topic for the SWCD and NRCS. Both agencies are guided by
conservation principles. The mission of the NC Division Soil and Water Conservation (the state
agency which oversees the local conservation districts) is "to foster voluntary, incentive-driven

management of soil, water and related natural resources for the benefit of the environment,

economy and all citizens" (NCDACS, 2018). Similarly, the NRCS was created in recognition of
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the risk erosion posed to the nation (USDA & NRCS, 2019c¢). Although the agencies' missions
and the laws creating the agencies recognize the importance of protecting the environment,
conservation is not usually the number one concern of farmers.

A study by Rodriguez et al. (2018) investigated the motivating factors for land
stewardship and personal definitions of "stewardship" among board members of the N.C. Farm
Bureau. The top three motivating factors were future generations, family, and god, respectively.
"The land" ranked fourth. "Yourself" was a motivating factor for 68% of respondents, compared
to only 41% who included "your community". This study provides several important insights
with respect to how the SWCD or NRCS could motivate farmers (both landowners and land
users) to adopt conservation practices. The first is the observation that protecting the land is not
the primary motivation, and the other is that personal factors are more important than communal
factors. Rodriguez et al. (2018) conclude with the recommendation that farmers may be
motivated when conservation is framed in the context of preserving the land for future
generations. Farmers are in situations where their income depends on the amount of land in
production (Rodriguez et al., 2018), so efforts should be made by NRCS or SWCD staff to
develop a plan that maximizes the use of the land, as opposed to setting land aside for strict
conservation.

There are financial gains that can be realized when farmers adopt soil conservation
practices. A meta-analysis by Carlisle of farmers' opinions about the benefits of soil
conservation practices acknowledged other studies which found that conservation practices can
improve yields and income: profits could be gained through the use of cover crops because of a

reduction in crop fertility needs, providing an economic savings for the farmer (Carlisle, 2016).
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From a psychological perspective, motivation is guided by several key factors. People
can be motivated by intrinsic factors (which benefit oneself) or extrinsic factors (which benefit
others). Intrinsic factors are typically more effective motivators because when behavior
reinforces one's inner beliefs, a person is more likely to continue the action (Young, 2000). This
is because people are motivated by a desire for competence or mastery, thoughtful consumption,
and participation in a larger community (both human and ecological) (Young, 2000). However,
multiple approaches are needed to effectively implement change (Andrews et al., 2013).

People are driven by core needs and motivations. Competency, relatedness to others, and
autonomy are three core needs most people have (Sheldon et al., 2001). For farmers, one's
income is determined from one's ability to effectively farm, and this relates to a person's need for
competency. In terms of emotional well-being, though, a person's happiness is more related to
one's social standing among a group of peers than one's income (Anderson et al., 2012). By
increasing the number of farmers using conservation plans, and by encouraging peer-to-peer
promotion of the economic (and ecological) benefits of conservation plans, it is possible to
effectively motivate farmers to adopt conservation practices. As a starting point, though, the
1985 Farm Bill carefully avoided using fully mandatory requirements. In so doing, farmers'
sense of autonomy could be maintained, potentially lowering the resistance to the
implementation of conservation practices; indeed, surveys of farmers indicate a "deep
resent[ment of] the overbearing tactics of bureaucrats and environmentalists" (Dutcher et al.,
2004, p. 327).

A survey of landowner perceptions on the importance of buffers found that many
landowners believe their practices cause little harm to the streams, and that others are responsible

for causing stream impairment (Dutcher et al., 2004). At the scale of watersheds, though, the
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size and number of farms are cumulative, causing agriculture operations to account for the

largest known source of impairment on streams and rivers (USEPA, 2019).

1.11 CONSERVATION PLANS

A conservation plan "is a written record of [one's] management decisions and the
conservation practices and systems" landowners plan on using (USDA & NRCS, 2019a). The
"conservation plans" referred to in this project were developed by county staff--either the SWCD
or USDA-NRCS staff member. Interested landowners (mostly farmers) typically develop
conservation plans either because: (1) they wanted to take better stewardship of their land; or (2)
because they receive government funding for projects (such as managing cover crops, protecting
streams or installing a grassed waterway) and such projects required the development of a
conservation plan.

While the conservation plan folders contain supplementary information such as copies of
grants and financial contracts, copies of any correspondence, and old plans, the primary
components of the conservation plan typically include the following:

e Landowner information (contact information)

Property information (location, size)

e Conservation plan number (unique to every plan)

e Soil map for the property

e Aecrial photo of the property

e A description of the specific conservation practices used on the property
¢ Field notes from each site visit performed by county staff members

e A copy of the NRCS standards for the specified practice(s)
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Although there are more than 20 conservation practices that farmers may use, some of the

most common conservation practices include the following:

e grassed waterways e crop rotations

® CcoOVer crops e critical area plantings
e conservation tillage e terraces

e contour farming o field borders

The farm conservation plan is designed to help farmers protect the soil and the
environment by identifying potential conservation measures and farming practices that can be
implemented to meet both environmental objectives and the farmers' needs. The plans are
written largely to fulfill the requirements of the 1985 US Farm Bill, which required farmers
receiving federal benefits to follow a written conservation plan. While the focus of the plans is
environmental, there are other benefits to the farmer. One NRCS informational flyer addressed
to farmers explained how conservation plans provide the following benefits: (1) maintaining the
farm's productivity both short- and long-term, (2) protecting and improving the water quality, (3)
improving the soil's fertility, (4) benefiting wildlife, (5) and allowing the farmer to become
eligible for USDA benefits (NRCS, 2010).

Farmers are often focused on costs, and the NRCS explains to potential farmers that the
design of the conservation plan costs the farmer nothing thanks to the support of the NRCS and
the local SWCD. Practices requiring a financial investment can be supported through cost-
sharing programs, while other practices come at not economic cost as they only require a change
in farming technique (NRCS, 2010).

Conservation plans are not--strictly speaking--required (a plan is only mandatory if

federal benefits (i.e. money) is obtained), and there is no universal plan. Different conservation
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practices are selected from among many NRCS standards and used in a way that reduces the
erosion from the farm fields and fits with the farmer's abilities and practices.

NRCS staff randomly check a portion of the conservation plans every year for
compliance and some counties check as much as 5% of the conservation plans every year (Haire,

2013).

1.12 CONSERVATION PRACTICES

The NRCS currently lists 138 conservation practices including everything from cover
crops to wetland restoration (USDA, 2018). However, soil conservation plans for farms
typically only include a small subset of the possible conservation practices and are designed to
limit soil erosion through the practice of farming. Conservation practices cannot be used the
same way in every situation, nor should they be expected to produce the same results. Using a
living mulch of rye-clover was found to reduce the yields of tomatoes, but not of melons (Pieper
et al., 2015). The NRCS staff must, therefore, create conservation plans unique to each property.

The conservation practices selected for each farm are chosen to reduce soil loss to a
tolerable level ("T"). T is the output from the RUSLE. The tolerable limit is calculated based on
a balance of several factors including actual soil losses, crop productivity losses, soil formation
rates, and soil type. Although widely accepted and used, some research questions the
acceptability of T as either being too high or too low; some even argue that T should reflect
social goals such as protecting the environment by reducing air, wind, and water pollution (Troeh
et al., 2004).

Tillage is typically used to prepare the seedbed for planting and to control weeds.

However, intensive tillage increases the rate of soil carbon loss through the "oxidation of organic
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matter, destruction of soil aggregates, and reduction in water infiltration rate leading to
significant water erosion and surface runoff of C-rich sediments" (Olson et al., 2016). A
reduction in tillage is a common conservation practice and includes no-till, reduced-tillage, and
strip tillage. Short-term studies comparing conventional tillage to no-till or reduced tillage have
found that corn yields with conventional tillage are (sometimes substantially) greater due in large
part to increased weed competition in the no-till plots (Edgell et al., 2015). However,
conservation measures such as winter cover crops can reduce weed competition the following
year (Buchanan et al., 2016). More importantly, long-term studies indicate that after about five
years, the soil-health benefits become apparent in reduced tillage practices with soil organic
carbon improving over conventional treatments (Maillard et al., 2018).

Contour farming (farming across the slope of the land) is another commonly used
conservation practice. As mentioned by Troeh et al. in their book on soil conservation, 99% of
the time, contour farming increases crop yields (10% for corn, 29% for wheat, and 11% for
soybeans) because of a reduction in erosion, a reduction in the number of seeds washed away by
water, and an increase in soil moisture (Troeh et al., 2004). However, contour farming requires
more planning, shorter rows, and more turning of equipment; the economic costs of the extra
labor and fuel required for contour farming, may not exceed the economic gains in crop yields
(Troeh et al., 2004). Despite the proven economic and ecological benefits, adoption of contour
farming, it is still avoided by many farmers.

Buffer strips are strips of vegetation surrounding farm fields, ponds, and streams which
act to slow the surface runoff from the fields, capture sediment and nutrients, and protect the
health of the water bodies. Buffer strips of different widths effectively capture sediment and

nutrients (Table 1). However, to protect ecological functions and wildlife habitat, some states
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Table 1: The pollutant removal efficiency of buffer strips of various lengths on farm fields
in lowa and N.C. (adapted from Troeh et al., 2004)

Buffer Strip Width (ft.) Pollutant Removal (%)

10 Sediment 70-80
20 Sediment 60-90
30 Sediment 85
20 Total N and P 50

such as Washington recommend a buffer of at least 200 feet around wetlands (Washington State
Department of Ecology, 2005).

The soil conservation plans aim to limit erosion to an acceptable level. Soil erosion
results when wind and water break down soil aggregates and the soil is transported off of the
property (Olson et al., 2016). However, soil erosion also impacts the productivity of the soil by
reducing water infiltration rates and soil organic carbon concentrations (Maillard et al., 2018).
The selected conservation practices reduce erosion by protecting the soil from wind and water,
slowing the overland flow of water, increasing water infiltration, increasing soil organic matter,
and protecting the soil aggregates. Although the focus is usually on crop productivity, reducing

soil erosion also protects the environment at both local and national scales (Goolsby et al., 2001).

1.13 SUMMARY

Soil conservation is an issue that addresses a centuries-long problem related to agriculture
and human development. In order to maintain the productivity of the soil, and to protect the
quality of the nation's streams, Congress passed legislation to encourage the implementation of
soil conservation practices and created agencies (the SCS, NRCS, SWCD) to assist farmers with
the implementation of such practices. Guilford County sits in the Piedmont of the southeastern
U.S. and has a long history of erosion related to the dominant crops of tobacco and cotton, the

presence of slavery, and the short-term view of obtaining a yield from the soils without much
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concern of the quality of the environment or the long-term health or productivity of the soil.
Motivating farmers to adopt conservation measures required a multi-pronged approach which
taps into the psychology of human motivation. Today, the conservation plans written by the
NRCS for highly erodible lands have significantly reduced erosion from cropland.

Through my 12-month internship with the Guilford SWCD, I reviewed the literature on
conservation practices and soil erosion, created a database for storing key information from the
county's 1,887 conservation plans, managed the digital database, piloted a GIS interface to
analyze the conservation plans, wrote training materials for future interns or volunteers, met with
a farmer to discuss the importance of a conservation plan, and acquired an appreciation for and
understanding of the work the SWCD does. The process used to digest, digitize, interpret, and
analyze the data contained in the conservation plans, is explained in the following sections.

The Guilford SWCD was interested in an analysis and interpretation of its conservation
plans. Because the plans were stored in hard-copy only, there was no county-wide map of the
properties with conservation plans, no concept for how much acreage was written under the
different conservation practices, no indication of how many plans had been converted into urban
development, nor any knowledge of whether there were any other temporal or spatial patterns
within the plans. These questions, and others, set the framework with which I analyzed the

conservation plans.
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CHAPTER 2: METHODS

The management and analysis of the county's conservation plans took nearly a year and
utilized tools in both GIS and Excel. The following sections describe the methodology used for

this analysis.

2.1  CONSERVATION PLANS
Consolidating, digitizing, and updating the conservation plans was a multi-step process

that occurred over several months.

2.1.1 Locating the proper tracts.

The first step in working with each conservation plan was to locate the property on a
current map. This step proved to be challenging in some instances because the reference map
from 30-50 years ago occasionally showed little resemblance to the current day map. Several
lakes in the county were constructed in that time frame, so properties were submerged along the
former streambed. In many cases, though, properties were poorly referenced, and the fields had

since grown into forests. In such cases, old field boundaries and/or road junctions guided me

Figure 4: A property from 1989 located "off Old Randleman Road"'. The location was
located using the highway overpass at the lower left, and by matching the outline of the
new, pine forest (outlined in white) with the pattern of the original field (GuilfordCounty,
2018).

26



towards the correct region; the actual property could usually be verified by tracing the
boundaries of the current-day forest and verifying that they aligned with the old field boundaries

(Figure 4).

2.1.2 Creating an Excel database & digitizing the plans

The conservation plans written by Guilford SWCD are contained in paper folders in
filing cabinets in the office. After collecting all of the loose plan folders (i.e. folders located on
desks, on top of cabinets, or incorrectly filed in other cabinets), a database was created using
Microsoft Excel (2013). A total of 47 attributes (Table 2) were either extracted from each
conservation plan or added based on Guilford County's GIS database of county parcels (Guilford
County, 2018). A more detailed description of the attributes and the identified conservation

practices can be found in the user manual (Appendix E).

2.1.3 Redacting the data
Certain information within each plan is considered confidential. In order to work on the
data at home, and also to create a GIS database for (potential) public release, a redacted version
of the data was needed. As indicated in Table 2, six attributes were redacted including:
e Tract number e Operator
e Owner e Operator's address (street address, city, and zip code)
Note that only the owner/operator(s) associated with the conservation plans was redacted.
Each county parcel to which the plans were assigned also has a publicly-available owner and

address, so these attributes were left visible.
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A special step was taken to assign a reversible, or searchable, number to each tract
number. Rather than being listed as "[REDACTED]", the tract numbers were converted into a
coded sequence of numbers that can only be identified using the original (i.e. unredacted) data.
The same process was repeated for the operators using a new set of numbers. The advantage of
this method is that specific tracts can be referenced or discussed without revealing private
information. The other major benefit is that analyses could be performed to examine how many

plans each operator was assigned, or to count how many operators there were in total.

2.1.4 Creating soil maps

While soils in Guilford County and around the country were previously recorded in
hardcopy (Stephens, 1977), soil maps are now available electronically online from the Web Soil
Survey (USDA & NRCS, 2019d). Using the paper maps--with property boundaries hand-drawn
on old aerial imagery--as a guide, the boundary of each property was outlined using the Web Soil
Survey. The resulting soil map and soil report were printed to a pdf using either a 1"=330' or
1"=660" scale (1:3,960 or 1:7,920, respectively), as preferred by the SWCD staff (1:7,920 is 8"
per mile). Printing the plans to pdf allowed for a more complete conversion of the plans into a

digital format, as well as saved paper and printing costs.

22 GIS
Creating the GIS database for all of the conservation plans involved (1) preparing the
table of conservation plans for use in GIS, (2) creating the base layers of watersheds and land

cover, (3) creating a feature for every conservation plan, and (4) combining the data and the GIS
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features. ArcGIS Pro (Esri, 2018) was used in the preparation of all of the maps and in the data

analysis.

2.2.1 Preparing the data

The first step in creating a GIS database for the conservation plans was to adjust the
Excel table for GIS compatibility. Empty rows were removed, column headings were updated to
begin with letters, and extraneous columns were removed. Cell contents were modified slightly
to create a uniform formatting scheme for each column. Dates were adjusted to be in
MM/DD/YYYY format; also, approximate dates were converted into actual dates by using the
first of the month or year, depending on the degree of known specificity (e.g. 05/1976 became
05/01/1976; "ca 1981" became 01/01/1981). The column of "Approval Date" was separated into

one date per cell and then combined in an aggregated master list.

2.2.2 Data sources

The Geospatial Data Gateway (USDA & NRCS, 2018) provided GIS features for
watershed boundaries, roads, and county boundaries (Table 3). Land cover (2011) and land
cover change (2006-2011) data came from the Multi-Resolution Land Characteristics
Consortium (Esri & MRLC consortium, 2014a, 2014b). Watershed boundaries also came from
the US EPA WATERS GeoViewer web mapping application (USEPA, 2018).

Guilford County has a public (static) version of the county parcels available through Esri.
The 2018 version of the county parcels (Gisadmin_ps, 2018) served as the foundation for the
properties with conservation plans. The GIS dataset contained all of the information available on

the county's GIS website (http://gis.guilfordcountync.gov/guilfordjs/) through the release date of
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Table 3: GIS layers accessed 05/29/2018 from the USDA and NRCS Geospatial Data
Gateway (2018).

Type of

Dataset Name Description
Feature Class
NRCS Counties by State Polygons NC counties
National Hydrography Dataset 1:24,000 Lines, Polygons NHD for Guilford Co.
8 Digit Watershed Boundary Dataset Polygons HUCS within Guilford Co.
10 Digit Watershed Boundary Dataset in ~ Polygons HUCI10 within Guilford Co.
HUCS
12 Digit Watershed Boundary Dataset in ~ Polygons HUCI12 within Guilford Co.
HUCS
NRCS States by State Polygons NC state boundary
TIGER Primary Roads by State Lines Roads in Guilford Co.
TIGER Primary and Secondary Roads Lines Roads in Guilford Co.
TIGER Streets Lines Roads in Guilford Co.

April 2018. While the website is updated continuously to reflect the current owner(s) and
property boundaries, the GIS features in the static version of the dataset did not reflect recent
changes. The most important attribute for the county parcels was the REID, which is the unique

identifying code for each parcel or feature.

2.2.3 Creating the base layers

A GIS database was created using the "NAD 1983 StatePlane North Carolina FIPS 3200
Feet" projected coordinate system. Layers were created for the government boundaries and
roads, county and conservation parcels, and watershed boundaries.

The SWCD watershed boundaries roughly align with the NRCS watershed boundaries
(Figure 5). However, the SWCD watersheds, or smaller catchments, are bounded by both
topographical features (i.e. elevation) and human boundaries (e.g. roads, county boundaries,
neighborhoods, etc.). The SWCD watersheds and catchments were manually drawn using the

office's (hand-drawn) map as a guide.
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Figure 5: The similarity between (A) the true watershed boundaries, and (B) the watershed
boundaries used by SWCD for the watersheds in Guilford County. Each color corresponds
to a different watershed and is outlined in gray. Larger, more detailed maps can be found
in Appendix A.
2.2.4 Creating the conservation plan features

Most of the features representing the properties with conservation plans were extracted
directly from the county's GIS database. The Excel table of conservation plans was imported
into GIS. The Parcel Number-REID field in the table was joined with the REID field of the
county parcels feature class. A new feature class was created using the parcels which matched in
the table. Three duplicate features were removed because they had the same REID. Twenty-
nine plans were located outside of Guilford County and had to be manually created. Twenty
additional plans had a Parcel Number-REID that did not match any parcel in the county
database; the parcels representing these properties had to be manually selected from the county
database and saved to a new layer. The tract numbers were added to the attributes of all added

parcels. All of the extracted parcels were then merged into a single feature class containing all

1,887 parcels with the unique tract numbers.
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2.2.5 Putting it all together

The data contained in the conservation plan spreadsheet and the overlapping GIS features
were combined into different attributes of the conservation plans. The parcels were merged with
the watershed boundaries (both the SWCD and HUC catchments) to attach watershed attributes
to each parcel. Land cover data was combined with the watershed layers to create a table that
could be used to analyze the land cover within each watershed. The resulting tables combined

the parcel information, watershed attributes, and land cover data.

2.3 DATA ANALYSIS
The GIS feature class of the county parcels with all of the added information was
exported to Excel for analysis. Standard error, t-tests, or ANOVA tests were not performed on
the data since such tests predict the actual population value from a sample, but in this case, all
values within the "population" were known and included in the analysis. Consequently, only
simple, descriptive statistics (mean, range, minimum, maximum, etc.) were calculated.
The following variables or conditions were analyzed:
e Land cover in the county--both at the county and watershed scales.
e Change in land cover in the county.
e Number of conservation plans (and acreage) for plans in all four categories of "still in
active agriculture?" (n/a, no, part, yes)--both at the county- and watershed-scales.
e Number of conservation practices per plan.
e Number of plans per operator.
e Most common conservation practices.

e Time-plot of when conservation plans were first written or approved.
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e The number of years since the plans were last visited or updated--both at the county- and
watershed-scales. The date of the last visit was calculated from the last date listed in
each plan's narrative--a consolidated log of all updates to the plan.

e Plans listed under the wrong watershed were identified.

24  FIELD VISITS

The first field visit was an NRCS class' field trip on May 22, 2018. The class was hosted
on a broiler breeder farm--which is a farm that raises chickens to produce fertilized eggs.

On January 16, 2019, I went along with the USDA and NRCS staff members to several
farm sites near Whitsett in the eastern portion of the county. We met with the landowner and
land user (operator) to discuss the development of a 