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ABSTRACT
Unsustainable agriculture practices are undermining the world's future ability to
reliably produce food. Assistance programmes, such as those offered by the
Natural Resource Conservation Service (NRCS) of the United States, can increase
the uptake of sustainable practices, yet implementation of these alternatives in the
US remains discouragingly limited. In this context, we used an interdisciplinary
approach involving quantitative and qualitative data to assess the current efficacy
of NRCS assistance programmes and identify areas for improvement. To do so, we
first analyzed national reports of NRCS expenditures and acres treated over the last
15 years and then distributed an explorative survey to farmers and ranchers
throughout Utah state. Our NRCS programme analysis suggested that historical
increases in expenditures have been ineffective at increasing the number of acres
treated. The survey responses indicated that both financial and non-financial
factors were influential in farmer decisions. Farmers that assigned a high
importance to sustainable practices were motivated by public perception and
environmental stewardship while those that assigned a moderate importance were
motivated by the potential return on investment. Overall, participants in NRCS
programs reported more positive outcomes than expected by non-participants. We
hope the findings from this study can guide future research and inform efforts to
improve NRCS assistance programmes in Utah and other regions in the US and
elsewhere.

The Role of NRCS Assistance Programs in
Increasing Sustainable Practice Implementation
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wellbeing, and ecosystem health worldwide (Albor-
2001; Karlen & Rice, 2015;

Sustainable intensification of agriculture is one of the
most pressing and formidable global challenges
facing humankind today. As a result of their negative
impacts, unsustainable agricultural techniques are
reducing present and future crop yields, human

Lal, 1997; Maharjan et al., 2020; Wozniak, 2019). Sus-
tainable production practices provide a critical oppor-
tunity to increase the long-term viability of the world's
food systems. While many definitions of sustainable
agriculture exist, we have adopted the following
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Table 1. List of Sustainable Practices Included in Survey.

Livestock-Related
Practices

Crop-Related Practices

Agroforestry
Cover Crops

Riparian Buffer Strips  Manure Recycling

Rotating Crops Natural Calving
Season

Precision Irrigation

Integrated Pest Selling Directly to

Management Consumers
Intercropping Strip Cropping Riparian Buffer Strips
Precision Fertilizer Trap Crops Rotational/
Application Controlled Grazing
Precision Irrigation Wildlife Habitat Selling Directly to
Management Consumers
Reduced/No-Tillage Wildlife Habitat
Management
Winter Grazing

comprehensive definition: ‘A sustainable food and
agriculture [practice] is one which is environmentally
sound, economically viable, socially responsible, non-
exploitative, and which serves as the foundation for
future generations’ (Allen et al, 1991). Consistent
with this definition, sustainable agriculture practices
preserve or even enhance the ability of future gener-
ations to produce food and other goods (de Vrese
et al., 2018; Kassam et al., 2009; Piazza et al., 2020;
Pretty et al., 2006; Shrestha et al., 2020; Zhang et al.,
2015). Table 1 lists agricultural practices that are
widely recommended both by the scientific literature
and conservation organizations as meeting the
definition of Allen et al.

Unfortunately, implementation of sustainable
agriculture methods throughout the United States
remains discouragingly limited (Foley et al, 2011;
Gerber et al, 2016; Hansen et al, 2012; Rodriguez
et al., 2008; Sabo et al, 2021; Sabo et al, 2021;
Shrestha et al, 2020; USDA NASS, 2019). Others
have even gone so far as to claim that the wide-
spread utilization of unsustainable conventional
agriculture practices in the US food system ‘rep-
resents one of the worst-case examples of the pit-
falls of industrial agriculture’ (Horrigan et al., 2002).
In 2018, the Food Sustainability Index ranked the
agricultural sustainability of 67 countries based on
indicators related to land use, water use, and emis-
sions. The US ranked in the 50th percentile of all
included countries and the 37th percentile of the
high income nations (Barilla Centre for Food &
Nutrition, 2018). This shortcoming of the United
States is especially unfortunate considering its role
as an agricultural power in the global market
(Dées & Saint-Guilhem, 2011; Veeck et al., 2020).

Many factors likely contribute to the somewhat
tepid adoption of sustainable agriculture by

producers in the US and elsewhere. A wide
variety of factors influence individual
farmer's decision to implement a given practice
and, as such, it is a major challenge for
farmers to simultaneously optimize the profitability,
productivity, and sustainability of their operations
(Bopp et al, 2019; Corselius et al., 2003; Epan-
chin-Niell et al, 2022; Ward et al, 2018; Zhang
et al., 2015). As a result of these contrasting priori-
ties, it is unsurprising that profitability and pro-
ductivity frequently trump environmental
sustainability as top priorities. Furthermore, the
effects of sustainable agriculture practices on crop
yields and operation profitability—two factors of
extreme importance to growers—vary widely
based on individual circumstances. Depending on
the crop type, climate, and other factors, sustain-
able practices may decrease or increase yields com-
pared to more conventional techniques (Allam
et al, 2021; Laborde et al, 2020; Marcillo &
Miguez, 2017; Pittelkow et al, 2015; Pittelkow
et al, 2015). Such variability can make it difficult
for producers to predict how a given technique
will affect the viability of their operation.

To promote the adoption of sustainable agricul-
ture practices, many local to international organiz-
ations rely on incentives, education, and
assistance programmes (Lichtenberg, 2004; Tilman
et al, 2002). The Natural Resources Conservation
Service (NRCS) of the United States Department of
Agriculture (USDA) is one such organization that
encourages voluntary and incentive-based conser-
vation practices at a local level through field
offices in nearly every county in the US. NRCS pro-
grammes offer three main categories of assistance:
(1) technical assistance in the form of scientific
expertise, natural resource data, tools, and technol-
ogy that help producers develop and implement
conservation plans, (2) financial assistance in the
form of cost-share, easement, or rental payments
that assist the producers in paying the costs of
implementing conservation measures, and (3) reim-
bursable funds that are administered by the NRCS
to fund technical or financial assistance provided
by another federal agency.

The limited implementation rates of sustainable
agriculture practices brings into question the effec-
tiveness of NRCS assistance programmes. In 2002
the USDA created the Conservation Effects Assess-
ment Project (CEAP) in an attempt to track the
environmental impacts of NRCS programmes on
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croplands, grazing lands, wetlands, and wildlife (Briske
et al, 2017; Duriancik et al.,, 2008). However, the only
published regional and national level cropland assess-
ments produced by CEAP are based on data from
2003-2006, meaning that the existing information is
likely no longer representative of current conditions
(USDA NRCS, 2017a; USDA NRCS, 2017b; USDA
NRCS, 2017¢c; USDA NRCS, 2017d). In 2007, an assess-
ment of rangeland conservation practices was
initiated by CEAP, but the synthesis was unable to
document conservation benefits, likely due to the
absence of protocols to account for rangeland conser-
vation outcomes (Briske, 2011; Briske et al., 2017).
More recently, Briske et al. (2017) found that NRCS
conservation programmes were ‘insufficiently
designed to support efficient, cost-effective, and
accountable conservation programmes.’

In this paper, we attempt to identify specific ways
in which the US can better motivate and assist
growers in the implementation of sustainable agricul-
ture practices. To do so, we carried out two related
research activities: First, we assessed the current
efficacy of national sustainable agriculture assistance
programmes by analyzing reported expenditures
and acres treated. Second, using Utah as a case
study, we developed and distributed an explorative
questionnaire to farmers throughout the state to
assess their attitudes and behaviours related to sus-
tainable practices and NRCS assistance programmes
(Dessart et al., 2021). We hypothesized that while
farmers face financial barriers to implementing more
sustainable techniques, other non-financial obstacles
would also have a significant influence on a farmer's
decision to implement or not implement sustainable
practices. This hypothesis is consistent with the
findings of previous studies carried out in other
regions of the US (Baumgart-Getz et al, 2012;
Carolan, 2005; O'Connell et al., 2015; D. A. Weisberger
et al, 2021). By identifying these previously unad-
dressed obstacles, we expected to find opportunities
to increase the implementation of sustainable prac-
tices in Utah and learn lessons that could be applied
elsewhere, thus informing the effort to transition to
more sustainable food systems.

We propose that the primary function of an assist-
ance programme, such as those associated with the
NRCS, is to help individuals overcome specific barriers
on the path to implementing sustainable practices
(Figure 1). As individual producers seek to increase
the adoption of sustainable practices, intermediary
steps must be taken. For example, farmers must feel

motivated to implement sustainable practices, be
aware of specific practices, and then be able to
implement them. However, any number of obstacles
can interrupt this transition at multiple points. The
various types of NRCS assistance programmes can
help farmers to understand the why, what, and how
of transitioning to more sustainable techniques, as
well as providing them with the needed resources
to do so. As this process is followed for many individ-
ual operations, the end result is a individual and
cultural shift to more sustainable agricultural systems.

2. Materials and methods
2.1. NRCS report analysis

To assess the effectiveness of NRCS assistance pro-
grammes, we calculated overall expenditures and
acres treated by the NRCS for the last 15 years, as
well as the cost per acre treated. The data for these
calculations was accessed through publicly available
NRCS conservation programme reports which are
published annually (USDA, 2021a). 2019 was the
most recent year available when we performed our
analysis and visualization. We calculated temporal
trends in expenditures, acres treated, and cost per
acre using simple linear regression and reported the
correlation coefficients.

2.2. Survey design and distribution

We distributed an exploratory survey to farmers and
ranchers throughout the state of Utah in order to
assess their perspectives on sustainable practices
and assistance programmes and identify potential
areas of improvement for NRCS assistance pro-
grammes. The survey, which was developed and dis-
tributed using the Qualtrics XM online platform
(Qualtrics, 2020), asked each respondent up to 29
questions and was estimated to take roughly 10
minutes to complete. Many of the survey questions
employed a 0-to-10 Likert scale that allowed respon-
dents to provide their opinion in a quantified
manner (Joshi et al., 2015). An archived version of
the survey is available at https://dataverse.harvard.
edu/dataverse/byusustainableagsurvey.

Utah was selected as the location of this case study
because it is representative of the irrigated dryland
agriculture common in the western US. and
because of existing networks between the researchers
and local NRCS and USDA offices. Furthermore, the
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The Role of NRCS Assistance Programs in
Increasing Sustainable Practice Implementation
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Figure 1. Framework illustrating the proposed role of NRCS assistance programmes in overcoming the barriers in transitioning to sustainable

practices.

majority of studies regarding farmer perspectives
have been conducted in the eastern or midwestern
United States, with fewer occurring in the western
US. Utah state is located in the Mountain West
region of the United States and features highly vari-
able elevation, precipitation, temperature, and
growing seasons. The overall climate is semi-arid
with long, hot summers and short, cold winters.
Utah's agriculture is dominated by livestock,
especially cattle, though crops such as hay or grains
also make up a significant proportion of the total
market value. Over recent decades, the western US
has been plagued by a megadrought, with 2020
being the driest year on record for several western
states, including Utah (NOAA, 2021; Williams et al,,
2020). This trend of drought and high temperatures
has had a strongly negative impact on agriculture in
the western US, particularly in terms of water scarcity
limiting irrigation (Howitt et al., 2015, p. 201). While
each state is unique, identifying ways that Utah's
NRCS programmes can become more effective can
reveal insights that can be applied to other western
states. Additional information on the agricultural
profile and NRCS assistance programmes of Utah
specifically is available in the supplementary
information.

The survey was distributed to farmers and ranchers
throughout Utah state using a wide variety of chan-
nels to minimize selection bias (i.e. organization e-
newsletters, print newsletters, farmers markets,
social media groups, and personal invitations). The
complete list of organizations and other channels
used to distribute the survey can be found in the sup-
plementary information. Although it is difficult to esti-
mate the exact number of people that received the

opportunity to participate in the survey, several of
the distribution channels included 2,000-3,000
members. Thus, it is reasonable to assume that the
opportunity to participate in the survey reached a
sufficiently large group of potential respondents. To
increase participation in the survey, we offered partici-
pants that completed the survey the opportunity to
enter a drawing for a $100 prize. Despite this
measure, the survey response rate remained limited
as will be discussed later.

Once survey response collection was finished,
survey responses were standardized, classified
according to the USDA definition of a farm, and ana-
lyzed statistically. Because previous research indicates
that the size and type of agricultural operation influ-
ences perception and implementation of sustainable
practices (Knutson et al., 2011; Lubell et al, 2011;
Meijer et al., 2015; Saltiel et al,, 1994), we classified
all respondents according to the USDA definition of
a farm before analysis. The USDA defines a farm as
any operation with the potential to produce at least
$1,000 worth of agricultural goods in a typical year.
The USDA relies on a point value system to assign a
specific number of points to each operation based
on crop acreage and livestock inventory to determine
if it qualifies for farm status (O'Donoghue et al., 2009).
Due to the confidentiality of the point system docu-
ments, the analysis for this project used the Utah
Department of Agriculture and Food’s (UDAF) 2019
annual summary report to estimate crop or livestock
values for each survey response (Hilton & Gentillon,
2019). This estimated value of the goods produced
by an operation was used to determine if it was con-
sidered a farm, non-farm, or unknown according to
the USDA definition for our survey. A survey response
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was classified as unknown when it did not provide
enough information to estimate the worth of the pro-
ducers’ agricultural goods. All subsequent analyses of
survey responses considered only those responses
that were considered farms according to the USDA
definition. We used the statistical software package
R to test for differences among groups with analysis
of variance (ANOVA) as well as produce all plots (R
Core Team, 2018).

Questions in the survey focused on assessing the
implementation rates of sustainable practices, the
factors and obstacles that drive or diminish
implementation, the perspectives of producers
regarding sustainable techniques, and the respon-
dent’s awareness of and participation in NRCS assist-
ance programmes:

2.2.1. Implementation status
The survey asked respondents to report the
implementation status of sustainable practices at
their operation. To do so, participants sorted a list of
practices relevant to their operation into four cat-
egories: Already implemented, Not currently
implemented but would consider implementing, Not
currently implemented and would NOT consider imple-
menting, and Not applicable to my operation. This
sorting of practices was intended to provide a quali-
tative metric of the sustainability of each respondents’
operation (Nziguheba et al, 2021) as well as infor-
mation on the implementation rates of each practice
included in the survey. The list of practices included in
the survey is the same as that presented in Table 1.
To assess how efficiently each practice might be
promoted by NRCS assistance programmes, we
assigned each practice a ratio based on how fre-
quently it was sorted into each of the implementation
status categories. The Already implemented, Would
NOT consider implementing, or Not applicable to my
operation categories represent circumstances when
increasing the implementation of a practice would
be difficult or impossible. The Would consider imple-
menting category, however, represents circumstances
where this might be comparatively easier. It is thus
helpful to view the sorting of these practices in
terms of the ratio of respondents that sorted the prac-
tice into either the Already implemented, Would NOT
consider implementing, or Not applicable to my oper-
ation versus the number of respondents who sorted
the practice into the Would consider implementing cat-
egory (ANN:W ratio). Practices with a high ANN:W
ratio would represent a more difficult target for

increasing implementation due to increased physical
or attitudinal barriers relative to a practice with a
lower ANN:W ratio. While the ANN:W ratio does not
reflect the important individual factors and circum-
stances that would lead a farmer to implement a prac-
tice, it can give insights about general trends among
farmers in Utah.

After sorting the practices, the respondents were
asked further questions about a single practice they
had sorted into each category (other than the Not
applicable to my operation category). Farmers were
asked to report on how a sustainable practice they
were already implementing had impacted the
health, productivity, and value of their crops as well
as the simplicity, costs, and profitability of their oper-
ation as a whole. They were similarly asked how they
expected a sustainable practice they would consider
implementing and one they would not consider
implementing to impact these same metrics. This
allowed us to quantify how farmers perceived the
impacts of sustainable agriculture practices pre- and
post-implementation.

2.2.2. Implementation factors and obstacles

To test our hypothesis, the survey asked participants to
identify the primary factors behind their decision to
implement or not implement certain sustainable prac-
tices. This included asking about what had motivated
them to implement sustainable practices in the past as
well as what barriers they faced to implement additional
practices. Farmers were also asked to assess how
effective each assistance type offered by the NRCS
assistance programmes would be in motivating/assist-
ing them to implement a sustainable practice they
would and would not consider implementing.

2.2.3. Farmer perspectives

The survey sought to understand how farmers per-
ceive the sustainability of their own operation as
well as sustainable practices in general. In an
attempt to measure how accurately farmers perceive
the sustainability of their operation, respondents
were asked to rate the current sustainability of their
operation. This was done after defining sustainability
for the farmers but before having them sort the list
of sustainable practices to avoid influencing how
they perceived their operation. This self-rating was
then analyzed in conjunction with how the respon-
dent sorted the list of practices according to their
implementation status to reveal the grower's sustain-
ability self-awareness. To assess the overall attitudes
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of farmers regarding sustainable agriculture practices,
farmers were asked to assign an importance to the
implementation of the sustainable practices listed in
Table 1 and then given the opportunity to explain
their answers.

2.2.4. Knowledge of NRCS programmes

To identify any disconnects between farmers and
NRCS assistance programmes, the survey provided
participants with a list of 8 NRCS assistance pro-
grammes and asked them to report which pro-
grammes they were aware of and which they had
participated in. The list of NRCS programmes included
all programmes whose expenditures over the last five
years were more than 0.5% of the combined expendi-
tures of all Utah NRCS programmes over the same
period. Two non-existent programmes were also
included to act as controls. The list of included pro-
grammes can be viewed in the supplementary infor-
mation. If farmers indicated participation in one or
more NRCS programmes, they were asked what type
of assistance they received.

3. Results
3.1. NRCS report analysis

We found that over the last twenty years, NRCS
expenditures have steadily increased while the
number of acres impacted by these expenditures
has not. During the 2020 fiscal year, the NRCS
reported 6.2 billion dollars of total obligations
(binding agreements that will result in immediate or
future NRCS expenditures), the highest amount
recorded since the Foundation Financial Information
System (FFIS) began to track the obligations in 2002
(USDA, 2021a). During that period, total NRCS obli-
gations have grown at an average rate of approxi-
mately 173.9 million dollars per year (R=0.928, p=
1.06 x 1078), with the obligations corresponding to
financial assistance driving that growth. This rep-
resents a total increase of 226% from 2002 to 2020,
which greatly outpaces the total inflation of 43.9%
over the same time frame (U.S. Bureau of Labour Stat-
istics, 2021). In contrast, the total number of acres
treated by NRCS programmes has remained relatively
unchanged over the last 15 years (R=0.133, p=
0.623). As a result, the ratio of obligation dollars to
acres implementing conservation practices has
grown at a rate of 4.07 dollars each year (R =0.850,
p=3.07x10"%). These insights suggest that

increasing NRCS expenditures has not efficiently
increased the number of acres implementing conser-
vation measures. Figure S1 in the supplementary
information presents these findings visually.

3.2. Survey responses

Survey participation was limited. The survey received
129 total responses from August 5th, 2020 to October
30th, 2020, of which 31 responses qualified as farms
according to the USDA definition. Of the other
responses, 20 responses were considered non-farm
responses, 6 respondents did not provide enough
information to be classified as a farm or non-farm,
and 72 responses were largely or entirely blank. The
median time to complete the survey was 12.3
minutes. Based on the participant’s self-reported
demographics, our respondents generally matched
the actual demographic of Utah farmers and ranchers
according to the 2017 Utah Ag Census with some
exceptions. Table 2 shows the exact comparison.
The relatively small sample size of survey
responses (0.17% of the number of farms counted
by the 2017 Utah Census of Agriculture) suggests
that further research is needed to confirm the
results and how they may be applied to other
locations outside of Utah. We were encouraged,
however, by how well the sample matched the 2017
census in terms of the metrics in Table 2, suggesting
that the survey did still fulfil its exploratory purpose.
One significant difference between the two columns
was that the survey sample had a much higher

Table 2. Comparison of 2017 Utah Ag Census and Survey Sample.

Metric 2017 Utah Ag Census  Survey Sample®
Age <35: % <30: 26%
35-64: 59% 30-64: 74%
65+: 32% 65+: 0%
Sex 64% Male, 36% 84% Male, 16%
Female Female
Top Counties (by Uintah, San Juan, Box Box Elder, Sanpete,
acres) Elder Juab
Average Operation 587 405
Size (acres)
Primary Crops (by Forage, Wheat, Corn Forage, Wheat,
acres) Corn
Primary Livestock (by  Chickens, Turkeys, Cattle/Calves,
count) Cattle/Calves Goats, Sheep
9% Hire Farm Labour  25% 32%
% Family Farms 95% 84%
% New Farmers 28% 19%
% Sell Directly to 7% 64%

Consumers

a. These statistics represent only the survey responses that were con-
sidered farms according to the USDA definition.
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percentage that reported selling directly to consu-
mers than the census did. This could potentially indi-
cate that the sample represents a group of farmers
that was already implementing that sustainable tech-
nique, and likely other techniques, more than the
average Utah producer. This would be unsurprising
as it is commonly understood that the salience of a
survey topic to an individual is a key determinant in
how likely they are to participate (Dillman & Carley-
Baxter, 2000). An alternate explanation is that a
portion of the farmers in our sample believed that
they were selling directly to consumers when the
requirements of the 2017 census concluded that
they were not (or perhaps were not selling a large
enough portion of their products to consumers to
meet the USDA’s definition). This would be consistent
with previous findings that producers and experts fre-
quently understand sustainable practices and what is
included in them differently (van Hulst et al., 2020;
Veisi et al, 2021). The specific practice of selling
directly to consumers was one of the few practices
that were not defined in the survey, and it is possible
that the clarifying definitions provided for the other
practices helped to avoid similar discrepancies (Bos-
sange et al,, 2016).

3.2.1. Implementation status of sustainable
practices

See Figure 2 for the distribution of how sustainable
practices were sorted by the respondents and
Table 3 for the ANN:W ratios of each practice,
ordered from lowest to highest. 6 farmers sorted
only crop-related practices, 7 farmers sorted only live-
stock-related practices, and 18 farmers sorted both
crop- and livestock-related practices. It should be
noted that the practices that were sorted both by pri-
marily crop-based and primarily livestock-based oper-
ations (such as wildlife habitat management or
riparian buffer strips) received different ANN:W
ratios depending on the operation type. This is not
surprising since operations focused on crops have
drastically different needs and priorities than those
focused on livestock, and vice versa.

Farmers who were already implementing sustain-
able practices on average viewed the resulting
impacts as more positive than both those who
would and would not consider implementing them
for almost every metric (Figure 3). For example, on a
scale of 0-10 with 10 being greatly increased and 0
being greatly decreased, farmers who would not con-
sider implementing a practice expected the

sustainable practices to have an average impact of
4.57 on the health of their crops, while farmers who
would consider implementing them expected an
average impact of 6.52 on crop health. In fact, the
farmers who had already implemented the practices
reported an impact of 6.9 on the health of their
crops. While farmers observed a slight increase in
the costs of their operations after implementing any
given sustainable practice, they reported a larger
increase in crop productivity, health, and value, result-
ing in an overall observed increase in operation profit-
ability. Although these trends represent an average
that does not distinguish between individual prac-
tices or farmers, the general trend of farmers report-
ing better results from implementing sustainable
agriculture practices than expected is encouraging.

3.2.2. Implementation factors and obstacles

The survey responses indicated that while certain
factors play a bigger role than others in a farmer’s
decision to implement a practice or not, many
factors are involved. Figure 4 (A) shows the distri-
bution of factors that led to a practice’s implemen-
tation while (B) shows the obstacles to
implementation when farmers would consider or
would not consider implementing a practice.

Two of the three most selected reasons for imple-
menting a sustainable practice (long-term sustainabil-
ity of the operation; prior personal experience with
the practice) were non-financial. Similarly, two of the
four most common barriers to implementing a prac-
tice that the farmers would consider implementing
(expected increase in complexity; lack of expertise or
experience with the practice) and three of the five
most common barriers for practices they would not
consider implementing (lack of expertise or experi-
ence with the practice; lack of information on assist-
ance programmes; no need to implement) were
non-financial. This confirms our hypothesis that non-
financial factors represent major motivators and
obstacles in the decision of a producer to implement
or not implement a given practice.

Furthermore, we observed that even the less-fre-
quently selected factors and obstacles still appeared
in a significant number of responses. Indeed, the
survey revealed a wide variety and distribution of
reasons for implementing or not implementing each
practice. This was especially true for the reasons that
farmers would not consider implementing certain
practices. However, even when answering about the
practices they had already implemented or would
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Figure 2. Shows how frequently each (a) crop-related practice and (b) livestock-related practice was sorted into the four categories of
implementation status. (c) Shows the distribution of how many practices each respondent sorted into each implementation status.

consider implementing, a wide distribution of reasons
was given by farmers. This suggests that instead of a
few factors or barriers dominating a farmer’s decision
to implement a practice or not, many considerations
come into play.

Despite the wide distribution of factors and
obstacles affecting implementation decisions, indud-
ing non-financial reasons, farmers identified financial
assistance to be what they perceived as the most
motivating form of assistance for practices they
would and would not consider implementing. For
practices they would consider implementing, produ-
cers on average ranked the effectiveness of financial
assistance as 7.14 out of 10 (std=3.19), with 10
being extremely effective. Scientific assistance
received an average ranking of 6.41 (std=3.29),
while equipment assistance received an average

ranking of 6.28 (std = 2.86). For practices they would
not consider implementing, financial, scientific, and
equipment assistance received rankings of 4.71 (std
=3.84), 321 (std=3.21), and 3.64 (std=3.54),
respectively.

3.2.3. Farmer perspectives

When asked about the sustainability of their own
operation, every farmer ranked their farm favourably.
Figure 5 (A) shows the exact distribution. 58.06% of
farmers strongly agreed that their operation was in
line with the principle of agricultural stewardship,
while 38.71% agreed, and 3.23% somewhat agreed.
An ANOVA analysis showed no statistically significant
difference in how farmers perceived the sustainability
of their operation based on sex (df=1, F=1.177, p=
0.287), age (df =4, F =0.428, p=0.787), education (df
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Table 3. ANN:W Ratios of Sorted Practices.

Crop-Related Practices

Respondents That Would
Respondents Already  Respondents That Would NOT Consider Respondents for ANN:W
Practice Implementing Consider Implementing Implementing Whom Not Applicable  Ratio
Trap Crops 3 13 5 1 0.692
Precision Fertilizer 9 1 0 1 0.909
Application
Agroforestry 5 10 3 3 1.100
Intercropping 8 10 3 0 1.100
Riparian Buffer 6 8 4 2 1.500
Strips
Precision Irrigation 14 7 0 1 2143
Selling Directly to 14 7 1 0 2143
Consumers
Wildlife Habitat 1 7 5 0 2.286
Management
Strip Cropping 4 6 2 8 2333
Integrated Pest 13 6 2 0 2,500
Management
Reduced/No 16 4 1 0 4.250
Tillage
Cover Crops 18 4 0 0 4.500
Rotating Crops 18 1 0 2 20.000
Livestock-Related Practices
Respondents That Would
Respondents That Respondents That Would NOT Consider Respondents That Not ~ ANN:W
Practice Already Implementing  Consider Implementing Implementing Applicable Ratio
Wildlife Habitat 8 12 1 1 0.833
Management
Riparian Buffer 8 1 0 2 0.909
Strips
Precision Irrigation 12 8 0 2 1.750
Winter Grazing 1 8 1 4 2.000
Natural Calving 7 6 6 3 2,667
Season
Selling Directly to 16 6 1 0 2.833
Consumers
Rotational/ 18 2 2 2 11.000
Controlled
Grazing
Manure Recycling 18 1 0 3 21.000
=5,F=0.842, p=0.533), political affiliation (df =5,F= =4, F=1.24, p=0.32), highest education level
1.097, p=0.389), or organization (df =7, F=0.541,p=  achieved (df=5, F=0517, p=0761), political

0.793). Interestingly, no significant correlation existed
between a farmer's ranking of the sustainability of
their operation and the number of sustainable
practices they were already implementing (R=
—-0.29, p=0.11).

The majority of farmers assigned a high impor-
tance to implementing sustainable agriculture
practices. The average farmer assigned an impor-
tance of 823 out of 10 (with 10 being most
important) to sustainable practices with a standard
deviation of 1.93. An ANOVA analysis revealed no
statistically significant difference in the importance
given to sustainable practices by a farmer as a
result of sex (df=1, F=2951, p=0.0969), age (df

affiliation (df=5, F=2.011, p=0.117), or the organ-
ization through which they received the survey
link (df=7, F=0.847, p=0.564). No statistically sig-
nificant relationship was observed between the
importance a farmer gave to sustainable practices
and the number of practices they were already
implementing (R=0.12, p=0.51), would consider
implementing (R=-0.26, p=0.16), would not con-
sider implementing (R=-0.27, p=0.15), or
believed did not apply to their operation (R=
0.16, p=0.4). Figure 5 (B) shows the distribution
of the rankings given by the farmers.

Interesting patterns existed between the
ranking given by a farmer and the reason they



10 (& C.D.THOMPSONET AL.

Observed v.s. Expected Implementation Impacts
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Figure 3. Compares the average expected impacts of implementing a given sustainable practice by farmers who have yet to do so to the actual

impacts observed by farmers who had already done so.

gave for that ranking. The farmers who assigned a
high importance (between 8 and 10) to sustain-
able practices frequently focused on environmental
sustainability and public perception as the reasons
for this high importance. 64% of the comments
made by farmers that assigned a high importance
to sustainable agriculture mentioned environ-
mental sustainability while 21% mentioned public
perception. The following quotations are represen-
tative of the comments for this high-importance

group:

‘In order to continue producing food for my community,
and for future generations to do the same, the soil has to
be healthy.’ (Male, age 41-50, Livestock-based operation)

‘There are a lot of people watching what we do, and we
need to do our best at what we're doing.’ (Male, age 51-
60, Livestock-based operation)

‘The eyes of the public are on us and we need to remem-
ber this. They, on the other hand, need to understand
that we make a living off the land and so the proper
farming techniques and husbandry practices are impor-
tant to us too. You can't make a living if you fail to
plan. (Male, age 51-60, Mix of crops and livestock
operation)

In comparison to the motives of the high impor-
tance group of farmers, farmers who assigned a
moderate importance (between 5 and 7) to

sustainable practices frequently explained that the
retum on investment of such practices was the
key determinant for whether a practice should
be implemented or not. 50% of the comments
made by farmers that assigned a moderate impor-
tance to sustainable practices mentioned the
profitability of their operation as a deciding
factor. Representative quotations for this group
are as follows:

‘It is important as long as its cost and return are
afforded.’ (Male, age 41-50, Mix of crops and livestock
operation)

'Time and money’ (Male, age 51-60, Mix of crops and live-
stock operation)

'Cost of return on the investment.(Male, age 41-50, Mix of
crops and livestock operation)

Unfortunately, the survey revealed little about farmers
that assigned neither a high nor moderate impor-
tance to sustainable practices. Because only one
respondent assigned an importance less than 5 to sus-
tainable practices and left no explanation as to why, it
remains unclear how the factors that motivate those
farmers who would assign a low, or even no, impor-
tance to sustainable practices might compare to
those farmers in the high or moderate importance

group.
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Figure 4. Shows the frequency with which farmers identified various (a) factors as leading them to implement a given sustainable practice or
(b) specific obstacles as preventing them from implementing a given sustainable practice.

3.2.4. Knowledge of NRCS programmes

Every NRCS programme listed as part of the survey
had at least one participant indicate that they were
aware of the programme, though the number of
farmers that indicated awareness of, or partici-
pation in, each programme varied. Respondents
indicated awareness of 3.84 programmes on
average with a standard deviation of 3.00 pro-
grammes. The Conservation Stewardship Pro-
gramme (CSP) had the highest rate of farmer
awareness at 67.74%, followed by the Environ-
mental Quality Incentives Programme (EQIP) at
61.29%, and the Agricultural Conservation Ease-
ment Programme (ACEP) at 51.61%. 19.35% and
9.68% of farmers indicated awareness of the two
non-existent programmes included as controls.
The average famer reported participating in 1.61
NRCS programmes (std =1.36) and 77.42% of

farmers had participated in at least one pro-
gramme. The programme with the highest rate of
participation was CSP at 41.94% of farmers, with
EQIP following at 35.48%. While some farmers did
indicate that they were aware of the two fake
control programmes, we were not as concerned
with this as we were about farmers falsely indicat-
ing participation in nonexistent programmes. While
this too, did occur, the percentage of farmers that
indicated participation in these control programmes
was small enough (3.23%) that we were not con-
cemed about it negatively influencing the data.
The farmers indicated with their responses that
financial assistance was the most common form of
participation in NRCS programmes. 70.58% of
farmers that had participated in an NRCS assistance
programme indicated that they had received
financial assistance. Equipment or technology
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Figure 5. (a) Shows the extent to which farmers agreed with the statement 'l consider my current farming/ranching methods to be in line with
agricultural stewardship’ (b) Shows the importance farmers assigned to the sustainable agricultural practices presented in the survey.

assistance, scientific or data assistance, and education
were tied for the second most frequent participation
form at 47.06%. The average farmer participated in
an NRCS programme in 1.48 different ways with a
standard deviation of 1.73. In terms of the actual effec-
tiveness of these different types of assistance at
increasing the implementation of any given practice,
farmers assigned an average value of 6.04, 5.07, and
4.93 to financial, equipment, and scientific assistance
forms, respectively, with the maximum of 10 being
most effective.

In general, the statistical analyses revealed few
relationships between NRCS programme awareness
or participation and participant demographics.
There was a statistically significant difference
based on the sex of the respondent (df=1, F=
5.235, p=0.0296) with men participating in more
NRCS programmes. The survey sample was not
strongly representative of Utah's farmers in terms
of sex, however, so this difference is likely not
true of the population. The ANOVA analysis also
showed that there was a statistically significant
difference in the number of ways the respondents
participated in NRCS programmes for political
affiliation (df=5, F=3.443, p=0.0181). Those

identifying as somewhat conservative had a
higher mean number of ways they had participated
in programmes (mean = 2.33, std =1.43) when com-
pared with all farmers (mean=1.61, std=1.36).
Table 54 in the supplementary information sum-
marizes relevant the ANOVA statistics.

4. Discussion

In this study, we analyzed national NRCS programme
expenses and acres treated to evaluate the efficacy of
these programmes. An explorative questionnaire was
then distributed to farmers and ranchers throughout
Utah state to assess their attitudes regarding sustain-
able agriculture practices and NRCS assistance pro-
grammes. Examining the national NRCS programme
reports over recent decades revealed that there is
the potential to increase the efficacy of the pro-
grammes as total expenditures have risen both signifi-
cantly and consistently over recent decades with no
correlation to the number of acres treated by these
expenditures. The finding that both financial and
non-financial assistance are required to fully address
the barriers farmers face in implementing sustainable
practices confirmed our hypothesis. We also found



INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY @ 13

that a pattern existed between the importance that
producers assigned to sustainable practices and
their reasons for doing so. Interestingly, the survey
revealed that farmers may have difficulty in self-asses-
sing the sustainability of their operation and that
certain sustainable practices would be easier targets
for increasing implementation rates than others.
Finally, we found that growers reported that the
post-implementation impacts of sustainable practices
were more-positive than were expected pre-
implementation. We now discuss the implications
and limitations of these findings for improving the
efficacy of NRCS assistance programmes.

4.1. The need to balance financial and non-
financial assistance

The survey responses confirmed our hypothesis
that non-financial factors, or factors not directly
tied to the productivity or profitability of an oper-
ation, frequently play an important role in a
farmer’s decision to implement or not implement
a sustainable practice. This is consistent with the
conclusions of other researchers which have ident-
ified many non-financial hurdles, such as lack of
access to equipment, information, markets, or a
support network, as major barriers to implemen-
tation (Baumgart-Getz et al, 2012; Carolan, 2005;
O'Connell et al, 2015; D. A. Weisberger et al.,
2021). The wide distribution of implementation
factors and obstacles also suggests that efforts to
increase implementation rates should seek to
address a variety of obstacles rather than one or
a few dominant barriers in the implementation
decision. This is consistent with the findings of
recent meta-analyses that few, if any, variables con-
sistently explain the adoption of sustainable agri-
culture (Burton, 2014; Knowler & Bradshaw, 2007;
Prokopy et al., 2008; Prokopy et al,, 2019). In light
of this, a more balanced focus on removing
financial barriers while also providing scientific
and equipment assistance would likely do a
better job of removing the wide mix of obstacles
that farmers reported (Delaroche, 2020). This con-
clusion was also reached by a recent review of
nearly 18,000 papers on the success of sustainable
agriculture incentives programmes which high-
lighted the importance of technical assistance and
extension services in facilitating the adoption of
sustainable practices (Pifieiro et al., 2020).

Several reasons could explain why farmers ident-
ified financial assistance as the most effective form
of assistance despite the wide variety of obstacles
they face in implementing sustainable practices.
Financial barriers may represent a more ‘real’ or
quantifiable obstacle with a direct connection to
the profitability of an operation — a matter which
farmers rightfully hold in high regard (Terlau
et al, 2019). Another potential explanation is that
farmers are limited first by finances and would
otherwise acquire the needed expertise (i.e. skills,
data, implementation plan, etc) to overcome the
other obstacles. Nonetheless, even with the
needed funds, farmers must feel comfortable and
confident that they can implement a new practice
as efficiently and successfully as possible for them
to switch their practices to more sustainable
alternatives (Mishra et al, 2018; Reimer et al.,
2012). Therefore, while financial incentives to
remove the monetary barriers are important, a
balanced approach to incentivization and assistance
that involves technical assistance and education is
required to increase sustainable practice implemen-
tation rates as effectively as possible.

4.2. Suggestions for appealing to patterns in
producer motives

The pattern in explanations given by survey respon-
dents for assigning either a high or moderate impor-
tance to sustainable practices is reminiscent of the
previous findings of other researchers. It is well estab-
lished that a farmer self-identifying as being motiv-
ated by stewardship or other non-financial reasons
is positively associated with adoption (Gao &
Arbuckle, 2021; Liu et al., 2018; Prokopy et al., 2008;
Prokopy et al., 2019). For example, recent research
has shown that a grower’s engagement with sustain-
able practices is positively shaped by their self-per-
ceived identity as a ’‘good farmer or as
environmentally-minded (Delaroche, 2020; Dixon
et al, 2021; Lavoie & Wardropper, 2021; van Dijk
et al,, 2016; Zemo & Termansen, 2021). Pifieiro et al.
(2020) found in their recent review that one of the
strongest motivators for farmers to adopt sustainable
practices is perceived benefits for the environment.
Public perception and social norms have also been
frequently identified as having a positive association
with adoption (van Dijk et al., 2016). It has also been
shown that more extrinsic motives, such as the
impact on profitability, play a strong part in a
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farmer’s decision to implement a sustainable practice
or not as was observed in our moderate importance
group (Bopp et al, 2019; Pifeiro et al, 2020).
Indeed, it has been shown that sustainable farming
initiatives that want to attract farmers who are not
autonomously motivated by sustainability (i.e. the
moderate importance group), must appeal to
motives other than sustainability, such as business
opportunities (Triste et al, 2018). Interestingly,
several studies have suggested that the environ-
mental stewardship perspective and the profit maxi-
mization perspective are competing psychological
frameworks that are frequently present in the
decision-making process for farmers considering
adoption (Floress et al.,, 2017; Thompson et al., 2015).

While the survey’s lack of information on growers
who would assign a low, or no, importance to sustain-
able agriculture is unfortunate, these growers would
likely require the most time and resources to increase
their implementation of sustainable practices, making
it more efficient for NRCS programmes to focus their
efforts on the farmers that assign them high or mod-
erate importance. Regardless, future research should
attempt to identify the perspectives held by farmers
in this low importance group as this group may
make up a larger proportion of the population than
our sample would suggest.

Successfully appealing to the differences between
the high and moderate importance groups will
require an approach that ensures individuals are pre-
sented with the NRCS information relevant to their
motivations. This is consistent with Pifeiro et al.'s
(2020) finding that ‘policy instruments are more
effective if their design considers the characteristics
of the target population,” as well as the suggestion
of Knowler and Bradshaw (2007) to ensure that ‘exten-
sion services are geared to the particulars of a locale
or, preferably, to individual farmers and their farm
operations.” Other recent research has also high-
lighted that being user-centered is key to the
success of digital agriculture extension services
(Ortiz-Crespo et al., 2021; Steinke et al, 2021). To
this end, we recommend two strategies for communi-
cating with the public and individuals. First, non-
specific NRCS communications with the public and
growers in general should emphasize both the
environmental and economic benefits of sustainable
practices. For example, NRCS websites could empha-
size both of these areas, thus maximizing the appeal
to both the high and moderate importance groups
as much as possible. Second, when working with an

individual grower, a quick assessment of the impor-
tance they already assign to sustainable practices
and their reasons for doing so could help to tailor
the experience to that specific farmer. For example,
as part of an initial conversation with a grower, an
NRCS representative or website could familiarize the
grower with the list of sustainable practices before
asking them, ‘On a scale of 1-10, how important do
you feel it is to implement the stewardship practices
on this list if they are not being implemented?’ and
then asking, ‘Could you explain why you chose that
number? The responses to these two questions
could then help the NRCS representative or website
tailor the information shared to appeal to that
specific farmer. Such interactive online tools have
been proven powerful at customizing recommen-
dations to farmers based on individual circumstances
and preferences (Peltonen-Sainio et al.,, 2020).

The lack of a correlation between the farmer’s sus-
tainability self-rating and the number of sustainable
practices they were implementing suggests that it
may be difficult for farmers to accurately assess the
sustainability of their operation. Such difficulty in
self-assessing environmental sustainability is not
unique to producers and presents a significant chal-
lenge to increasing implementation (Birdsall, 2014;
Mascarenhas et al, 2014). One potential solution is
developing a standardized self-evaluation or assess-
ment that could be made available to all farmers,
thus providing a way for farmers to see how their
operation ranks in terms of their actual and potential
sustainability. General Mills currently offers such a tool
as part of their planetary responsibility efforts
(General Mills, 2019). Another approach is to mimic
the strategy used by electric utility companies to
reduce energy consumption. In the same way that
electric utility bills show how the energy consumption
of an individual household compares to its neigh-
bours, thereby motivating the highest consuming
households to decrease their energy use (Ayres
et al, 2013), a similar approach could be adopted
that would allow farmers to see how they compare
in terms of sustainability to other producers in the
county. This could motivate operations that are
underperforming in terms of sustainability to look
for new opportunities to improve and be more com-
petitive. In 2018, researchers proposed just such a
potential method for measuring the environmental,
economic, and social sustainability of agriculture at
the county level (Kuo, 2018). Others have proposed
similar measurement systems for agricultural
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sustainability at various scales, including the farm-
level (Zahm et al, 2008; Zinck et al., 2004; Dariush
Coteur et al., 2020; Frater & Franks, 2013; Hayati
et al, 2010; Nziguheba et al, 2021; Siebrecht &
Schmid, 2020).

4.3. Post-implementation experiences
exceeded pre-implementation expectations

The finding that farmers reported more positive
results post-implementation than were expected
pre-implementation could potentially increase motiv-
ation among farmers who have not yet implemented
sustainable practices to do so as they learn that their
peers had a more positive, or at least less negative,
experience than might be expected. Prokopy et al.
(2019) found that an expected positive yield impact
was positively associated with practice adoption and
recommended leveraging existing implementation
to share the benefits of specific practices or pro-
grammes with farmers. This could be especially true
of farmers who assigned a moderate importance to
sustainable practices considering their focus on the
impact of the practices on profitability. It has been
shown that negative perceptions of a conservation
practice and the perception that its adoption rep-
resents a risk are significant barriers to implemen-
tation (Ranjan et al, 2019). As a result, sharing the
positive post-implementation experiences of farmers
with their peers who have yet to adopt sustainable
practices could minimize these obstacles. The USDA
recently highlighted the importance of tracking and
sharing post-implementation assessments to increase
the adoption of innovative agricultural practices,
citing that farmers are more likely to act on infor-
mation from trusted sources (Pratt et al, 2021).
While many studies have assessed the impacts of sus-
tainable practices on crop yields and other variables
(Pittelkow et al., 2015; D. Wang et al., 2021; Weisber-
ger et al.,, 2019), relatively little research exists regard-
ing grower perspectives post-adoption, meaning that
confirming this finding should be a priority for future
research (Briske et al., 2017; Brown & Khamphoukeo,
2010). Several alternative explanations exist for why
farmers may have reported more positive results
post-implementation, such as confirmation bias or
the applicability of the practices to different oper-
ations, that also merit investigation (Talluri et al.,
2018).

The ANN:W ratios of the sorted practices suggest
that it would be easier to increase the implementation

of some sustainable practices than others. Crop
rotation, cover crops, and manure recycling, for
example, all had high ANN:W ratios due to their
high implementation rates, meaning that a high
amount of time and resources would likely need to
be expended to get the final, marginal gains in
implementation. These resources would likely be
better spent on other practices with a lower ANN:W
ratio, such as trap crops, which are possibly ‘low-
hanging fruits’. If, however, an individual producer
that was not implementing one or several of these
practices with high implementation rates began to
engage in NRCS assistance programmes, these prac-
tices would potentially make ideal targets for adop-
tion. However, the practices with lower ANN:W
ratios as revealed in the study likely represent the
best practices to promote on a general, non-indivi-
dualistic scale. Little literature currently exists that
compares how easily implementation rates of
different practices can be raised, making it another
priority for future research.

4.4. Awareness of NRCS programmes was not a
limiting factor

The fact that the average producer in our survey
sample was aware of multiple NRCS programmes
and had participated in them suggests programme
awareness is not an obstacle to participation in assist-
ance programmes. Farmer awareness of, and partici-
pation in, programmes was higher in our sample
than in most other studies (McCann & Nunez, 2005;
McLean-Meyinsse et al, 1994; Obubuafo et al., 2008;
Reimer & Prokopy, 2014). Interestingly, the survey
responses suggested that farmer awareness of pro-
grammes is loosely connected to the programme’s
reported financial obligations. The CSP, EQIP, and
ACEP programmes had the highest percentage of
farmer awareness. These three programmes make
up three of the four programmes with the highest
average financial obligations in Utah state with EWP
being the other programme in this group (USDA,
2021b). The fact that EWP is intended to help commu-
nities recover from the impacts of natural disasters
and is not specific to assisting farmers as are CSP,
EQIP, and ACEP may explain why grower awareness
of EWP was low despite high financial obligations.
Interestingly, CSP, EQIP, and ACEP were not necess-
arily the programmes that treated the highest
number of acres or operations. This suggests that
farmers are more aware of programmes that offer
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large financial assistance to fewer operations rather
than programmes that offer smaller amounts to a
larger number of farmers. This conclusion is further
supported by the fact that financial assistance was
by far the most common form of participation in
NRCS programmes by survey participants.

5. Conclusion

This study assessed the effectiveness of NRCS assist-
ance programmes and identified that there is a high
potential to improve their efficacy, as revealed by a
disconnect between NRCS national spending and
acres treated. It then sought to identify ways that
these programmes could more effectively motivate
and assist farmers in the transition to sustainable agri-
cultural practices by way of an explorative survey. The
survey identified several key insights that could
potentially help in this effort:

(1) To assist farmers more effectively in the transition
to sustainable techniques, financial assistance
must be paired more closely with technical assist-
ance to address the wide range of obstacles
facing farmers implementing new techniques.

(2) Farmers who viewed sustainable practices as
highly important were motivated by public per-
ception and environmental stewardship, while
farmers who viewed them as moderately impor-
tant were primarily concemned with financial
factors. By appealing to the differences between
these groups of farmers, NRCS information can
be presented more effectively to the public and
individual farmers.

(3) It is difficult for farmers to accurately assess the
sustainability of their own operations. Providing
growers with a way to compare their current sus-
tainability with that of their neighbours could
improve their self awareness, thereby increasing
motivation to implement sustainable techniques.

(4) When reporting practices they had already
implemented, farmers saw more positive results
than were expected by farmers who had not yet
implemented that technique. This pattern could
prove to be a powerful tool in helping farmers
decide to switch to sustainable techniques.

(5) Certain practices are better targets for increasing
implementation than others. Sustainable prac-
tices with a high degree of willingness to
implement relative to unwillingness or inability
to do so, such as trap crops, have the potential

to yield dramatic improvements while requiring
relatively fewer NRCS resources.

Future research should seek to test these findings
and establish whether similar patterns exist in
locations other than Utah. As the perspectives of pro-
ducers are better understood and taken into consider-
ation, sustainable agriculture assistance programmes
can be made increasingly efficient. In this way, sus-
tainable practice implementation rates will increase,
thus elevating the sustainability of food systems and
societies.
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