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Executive Summary

Increasing voluntary adoption of conservation practices by producers is key to reducing agricultural
pollution in Minnesota’s waterways. In order to do this, we must understand producer adoption
behavior including the drivers of and barriers to adoption. A literature review was conducted that was
exclusive to studies in the Midwest, published since 2000, and focused on soil health practices of
interest including cover crops, conservation tillage, perennials, and livestock integration. The major
factors that influence producer behavior related to adoption were grouped into 5 main categories: farm
characteristics, personal characteristics, perceived practice characteristics, social factors, and structural
factors.

Farm characteristics refer to the unique aspects of each farm. Studies have shown that positive drivers
of adoption include farms with higher crop diversity, that include livestock, and farms with existing
conservation practices. Additionally, many studies show that the larger a farm (in acres operated), the
more likely the producer is to adopt. Landownership and tenure characteristics also play a role in
adoption — for example, renters are less likely to adopt compared to owner-operating producers.

Personal characteristics refer to the individual traits of the producer making adoption decisions. A key
driver of adoption in numerous studies is whether a producer has strong stewardship values and
believes being a producer means to be “conservation minded”. Perceived efficacy — producers’ beliefs
about the effectiveness of a practice and their ability to implement it — is another important influence
that can act as both a barrier to or driver of adoption.

Perceived practice characteristics refer to the way a soil health practice is perceived and evaluated from
the producers’ perspective. A top barrier to adoption in many studies is the perceived risk of a practice.
The economic considerations of a practice can both be a barrier and driver of adoption, depending on
the costs or cost savings a producer believes it will bring. Other important influences include
observability, trialability, and compatibility of a practice.

Social factors refer to the outside influences of other stakeholders on producers. Many studies found
participation in farmer networks or peer cohorts to increase likelihood of adoption due to the positive
influence of those groups. Other concepts including social norms and trust can either act as a driver of
or barrier to adoption. The types of outreach and engagement that are used around practices is also
important. Messages need to be tailored and targeted to the local context; studies show broad
messages are far less successful than specific ones for smaller segments of a community and the
relevant impacts of a particular practice.

Structural factors refer to the broader agricultural system that affects decision making including the
government and economic systems. Studies show that funding and incentives for practices alone will
not drive adoption for most producers. They can help relieve economic barriers and decrease risk, but
rarely act as the top driver to adoption. The current agricultural system, markets, and subsidies that
exist for conventional crops act as a major barrier to adoption for many producers, feeling like they are
stuck from making changes. Additionally, the policies, regulations, and structures around conservation
programs often act as barriers to adoption due to their inflexibility, inconsistency, and red tape.

Critical gaps in the research include reasons for practice abandonment, the testing of intervention
strategies & evaluation of current programs, longitudinal studies, and studies as producer tenure trends
continue to change (e.g. increased renters, first generation producers, immigrant & BIPOC producers).



Introduction

When it comes to reducing agricultural nonpoint source pollution in our waters, producers’ voluntary
adoption of conservation practices is key to its success. While biophysical scientists — including soil
scientists and agronomists - have studied the effectiveness of these practices and alternative crops, the
human dimensions piece of the equation is often left out of the discussion.

The field of human dimensions, in the context of conservation practice adoption, has focused around
three areas of study: policy analysis, economics, and adoption behavior. Policy analysis has focused on
the political frameworks and regulations that these voluntary conservation practices exist in, what the
rules around them are, and where there are opportunities — to evaluate the best policy options for
advancing adoption. Economists have studied the costs and benefits associated with various practices
and their adoption. Another branch of social science work around adoption has instead focused on
human behavior: understanding producers’ barriers to and drivers of adoption. The latter of these three
areas of human dimensions is where this summary will focus. While the adoption of these practices
remains voluntary, gaining a deep understanding of why adoption decisions are made is of utmost
importance. We cannot make strides in encouraging adoption of these soil health practices — unless we
understand what influences adoption behavior.

Many researchers have compiled in-depth meta-analyses and literature reviews of the influences to
adoption over the last 2 decades (Campbell & King 2022, Carlisle 2016, Baumgart-Getz et al 2012,
Knowler & Bradshaw 2007, Liu et al 2018, Ranjan et al 2019, and Prokopy 2008, 2019). They’ve analyzed
both qualitative and quantitative papers from all over the US and the world on a variety of conservation
practices. This report does not attempt to re-create their work or build on existing frameworks or
theories. Instead, it aims to give a high-level summary on a specific set of literature: studies taking place
in the Midwest US, focused on key soil health practices of interest (cover crops, conservation tillage,
perennials, extended rotations, and livestock integration), and published since 2000. The summary
serves to illustrate the depth and complexity of these factors — and where existing knowledge gaps still
exist.

Background

The majority of academic studies focused on understanding producer decision-making around
conservation practices adoption have drawn from several theories or frameworks that focus on
individual-level behavior: Theory of Planned Behavior (TPB; Ajzen 1991), Reasoned Action Approach
(Fishbein & Ajzen 2011), Diffusion of Innovations (Rogers 2003), and Value-Belief-Norm (VBN) Theory
(Stern 2000). These theories or frameworks attempt to incorporate the many complex factors that affect
behavior change.

e Theory of Planned Behavior: Ajzen’s TPB says one’s intention to perform a behavior is central to
influencing behavior. The stronger an intention, the more likely an individual is to engage in that
behavior. Intention is influenced by three key factors: perceived behavioral control, attitudes of
the behavior, and subjective norms. Perceived behavioral control refers to the extent an
individual believes they have the skills, abilities, resources, and opportunity to perform a
behavior. It is similar to Bandura’s (1977) concept of perceived self-efficacy: confidence in one’s
ability to perform an action. Attitude towards a behavior refers to ones positive or negative



appraisal of the behavior. Subjective norm refers to the “social pressure to perform or not
perform the behavior”.

Reasoned Action Approach: Fishbein & Ajzen’s RAA is similar to TPB in that perceived
behavioral control, attitudes towards a behavior, and subjective norms determine one’s
intention about a behavior, which in turn influences behavior. The key difference in RAA is that
three types of beliefs inform those three respective factors (control beliefs, behavioral beliefs,
and normative beliefs) — which are all influenced by one’s background factors, at the individual
level, socially, and the available information one has access to. These background factors can
include things like personality, values, perceived risk, education, culture, and knowledge -
among many others.

Diffusion of Innovations: Rogers DOI aims to communicate how ideas (such as practice
adoption) spread or gain momentum across a system, geography, or population. DOI describes
how a population moves through adoption through time and the stages in which an individual
adopts a behavior or practice. DOI also describes five main factors that influence adoption.
Relative advantage refers to how a practice is seen compared to other practices or former
practices (e.g. conventional methods or crops). Compatibility describes how the practice fits in
with the needs, experiences, and values of the potential adopter. Complexity refers to how
difficult the practice is — both to use and to understand. Trialability refers to the extent to which
a practice can be tested prior to committing to adopting. Observability describes the extent to
which a practice provides tangible results.

Value-Belief-Norm Theory: Stern’s VBN is a moral choice theory - individual actions have
consequences for others and morals influence those actions. VBN suggests that one’s values and
beliefs activate a personal norm which influences behavior. The personal norm is the
internalization of social norms (like TPB’s subjective norm) — how the social pressure an
individual feels influences feelings of personal obligation. The beliefs that influence this
personal norm are awareness of consequences of one’s actions and ascription of responsibility —
beliefs about who is responsible for those consequences. Beliefs are influenced by the values an
individual holds (e.g. biospheric, altruistic, egoistic).

Scholars have grouped these factors in a variety of ways as there are many views of how to categorize
them. Most of the literature chooses one theory or approach in which to frame the study. Some studies
use other frameworks altogether. For this summary, factors from all of the above theories — as well as
additional theories — have been used and grouped into 5 categories:

Farm characteristics: the unique aspects of each farm including their past use of crops,
livestock, and conservation practices, landownership, farm size, and land quality.

Personal characteristics: the individual traits of the producer making decisions including values,
attitudes, and perceived abilities

Perceived practice characteristics: the way a practice is perceived and evaluated from the
producers’ perspective including its risk, economic implications, benefits, and fit with current
farming system

Social factors: the outside influences of other farmers, resource managers, and ag-business
players —and how they communicate, engage, and level of trust

Structural factors: the broader agricultural system that affects decision making including
markets, policies, program structures, subsidies, and incentives



The literature summarized in this report focuses on how these diverse and complex factors play a role in
behavior change. Some factors appear in the literature more than others as seen in Figure 1. The darker
the color, the more often the concept appears in the literature that was reviewed.
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Figure 1. Depth of concepts in literature summary




Summary

Factors that emerged as important drivers or barriers of soil health practice adoption in these studies
can be grouped into 5 categories that will be elaborated on:

Farm characteristics

Personal characteristics
Perceived practice characteristics
Social factors

Structural factors

1. Farm Characteristics

The unique characteristics of each farm can play a role in adoption of soil health practices. The diversity
of crops & practices, existing conservation practices, farm size & income, landownership characteristics,
labor access, and land quality all can impact adoption.

Farm Diversity & Existing Conservation Practices

Many studies suggest that farms that have higher crop diversity are more likely to adopt soil health
practices (Arbuckle & Roesch-McNally 2015, Gardezi & Arbuckle 2019, Prokopy et al 2008, Prokopy et al
2019, Singer et al 2007). Producers with livestock can be more likely to adopt practices as well (Morris &
Arbuckle 2021, Prokopy et al 2019, Singer et al 2007). However, in contrast, some studies found that
livestock owners adopted fewer soil health practices overall compared to crop producers (Kalcic et al
2014, Prokopy et al 2008). Specific to livestock, producers with larger herd size are more likely to adopt
rotational grazing (Che et al 2022).

Additionally, it is well documented that producers with existing soil health practices are more likely to
adopt additional ones (Baradi 2009, Carlisle 2016, Morton et al 2015, Plastina et al 2020, Prokopy et al
2019, Prokup et al 2017, Sawadgo et al 2021, Singer et al 2007, Thompson et al 2021, Wilson et al 2014
& 2018), so that may be a target audience for future outreach. In lowa, Morris & Arbuckle (2021) found
producers with an existing NRCS conservation plan were 1.7 times more likely to adopt no-till than those
without a plan. Ranjan et al (2019) found studies with producers who thought of their farm and
managing their practices as a “system” was always a driver of adoption. Roesch-McNally et al (2018)
expanded and found producers who utilize a “systems approach” in cover crops management are more
successful after adoption. However Carlisle (2016) found incremental change is easier than trying to
transform all systems on a farm.

Farm Size & Income

Farm size is a well-studied factor that is usually positively associated with adoption. The larger a farm (in
acres operated), the more likely that producer is to adopt (Baradi 2009, Burnett et al 2018, Dunn et al
2016, Parker et al 2007, Prokopy et al 2008, Prokopy et al 2019, Ryan et al 2003, Sautter et al 2011,
Sawadgo et al 2021, Soule et al 2000, Wang et al 2020, Wilson et al 2019). Typically, this is associated
with larger farms bringing in greater on-farm income which can be used to adopt new practices.
Importantly, Thompson et al (2021) points out that while an increase in farm size is associated with an
increase in adoption, the largest farms in the sample typically have not adopted. Studies have found that
producers with higher income are also more likely to adopt (Cutforth et al 2001, DeDecker et al 2022,
Prokopy et al 2019, Ryan et al 2003, Sheeder & Lynne 2011). However, a few studies have found smaller
farm owners are more likely to adopt (Kalcic et al 2014).



Landownership Characteristics
The landownership of a farm also can play a role in adoption — whether it is owner-operated or rented
out by a non-operating landowner or by an absentee landowner.

Compared to landowners, several studies show that renters are less likely to adopt a variety of soil
health practices including rotational grazing (Campbell & King 2022), silvopasture (Mayerfeld et al 2016),
and conservation tillage (Parker et al 2007, Soule et al 2000). A study by Roesch-McNally et al (2018) in
lowa demonstrated that renters do not benefit as much as landowners from cover crops with regards to
the improved soil resources. Therefore, it makes sense that a key barrier to adoption of both no-till and
cover crops is due to a tenant or renters’ decision (Sawadgo et al 2021). One study found that among
producers who had discontinued cover crops, they generally had more rented land, suggesting that over
time the practice either became less profitable or less effective for their goals (Beestra et al 2022).

However, for renters who adopt practices, they are most likely to use no-till than any other practice
(Sawadgo et al 2021). Once a renter does adopt a practice, having a supportive landowner is key to the
continuation of that practice (Dunn et al 2016). For some renters, they only adopted and continued to
use cover crops to maintain their lease (Plastina et al 2020). Some landowners are willing to increase
lease lengths or even contribute to renters’ cost of cover crop adoption. In particular, producers who
have already adopted no-till are most likely to help cover those costs for renters (Sawadgo et al 2021).
However, non-operating landowners are less likely to have lease provisions about soil health practices
when compared to owner-operators (Ulrich-Schad et al 2016).

For absentee landowners, the main barrier to adoption is the lack of communication with natural
resource agencies and instead relying on renters for information about practices like conservation tillage
(Petrzelka et al 2009). Even in lowa where non-operating landlords own the most land in the state,
owner-operators are the most likely to adopt soil health practices (Sawadgo et al 2021). Non-operating
landowners who visit their land more often were more likely to encourage adoption of conservation
tillage and cover crops to their renters; the farther they lived from their rented land, the less likely they
are to encourage conservation tillage (Ulrich-Schad et al 2016).

Landownership being passed down between generations also can be a factor in adoption. Non-operating
landowners who inherited their land were less likely to encourage cover crops (Ulrich-Schad et al 2016).
Additionally, farms without a succession plan in place are less likely to adopt conservation tillage — and
also more likely to be rented out (Parker et al 2007).

Labor Access

For any kind of producer, but especially those who have livestock related practices, access to labor can
be a major constraint. If skilled labor is required, producers perceive practices as more difficult and have
lower perceived efficacy around them (Campbell and King 2022). Plastina et al (2020) also identified
labor availability as a barrier to cover crops adoption due to the experience required. One study found
that more educated producers perceive labor access as a bigger barrier than less educated producers.
However, producers who had already adopted rotational grazing did not perceive labor as barrier (Wang
et al 2020).

Land Quality
The actual quality of the farmland was an important factor in adoption for some producers. Che et al.
(2022) found that when land quality is poor, producers are more likely to adopt rotational grazing.



However, another study on rotational grazing found just the opposite. Wang et al (2020) found that
producers with higher quality land perceive fewer barriers and are good targets for adoption. Producers
with lower quality land described higher investment costs and greater risk of recouping their
investment, and were less likely to adopt.

For producers with highly erodible land (HEL), land quality was also found to be a factor in adoption.
Producers with HEL fields were more likely to adopt conservation tillage practices (Kara et al 2008,
Sawadgo et al 2021). In Indiana, producers with HEL were also motivated to control erosion by adopting
cover crops (Yoder et al 2021).

2. Personal Characteristics

The personal characteristics of producers play a huge role in influencing adoption of soil health
practices. The types of values producers hold, their attitudes, identities, and habits all influence their
willingness to adopt. Additionally, the perceived efficacy of a practice — such as their ability or control to
use a practice and their beliefs of its expected outcomes— all play an important role in whether they
adopt, maintain, or discontinue a practice.

Stewardship versus Business Values

Whether a producer has strong stewardship values (being a producer means to protect soil and water
quality or be “conservation-minded”) or “farm as business” values (being a producer means to get high
yields and profits) is a very influential factor affecting adoption. Producers with strong stewardship
values are more likely to adopt a variety of soil health practices including cover crops (Burnett et al
2018, Plastina et al 2020, Prokup et al 2017, Ramsey et al 2019, Ulrich-Schad et al 2016), rotational
grazing (Campbell and King 2022), conservation tillage (Kalcic et al 2014, Morris and Arbuckle 2021, Ryan
et al 2003, Sautter et al 2011), diversified livestock & crops (Parker et al 2007) and other conservation
practices more broadly (Pradhananga & Davenport 2022, Prokopy et al 2019 Floress et al 2017, Liu et al
2018). Stewardship values in producers are generally considered a main driver of adoption.

Economic-driven, farm-as-business values can be either a barrier to or a driver of adoption for
producers. Some studies showed producers with higher business values are less likely to adopt
compared to those with stewardship values (Campbell and King 2022, Floress et al 2017). However, if a
practice is perceived as profitable or “good for business” by a producer who has stronger farm as
business values, those values can be a driver of adoption, as seen with conservation tillage in Kansas
(Baradi 2009) and Michigan (Ryan et al 2003).

A study in western lllinois found that producers often have competing stewardship and business values,
as well as other values, that depend on the context and situation as to which one comes out on top
(Thompson et al 2015). Similarly, Wilson et al (2014) found that rather than a value acting as purely a
driver or barrier, the main value for a producer can determine other factors that more affects their
adoption decision including perceived efficacy (for business valuing producers) and risk perception (for
stewardship valuing producers).

Perceived Efficacy
Perceived efficacy refers to producers’ beliefs about effectiveness of a conservation practice in achieving
its outcomes, as well as producers’ ability to implement them on their farms (Perry & Davenport 2020)



and can be broken into two sub-categories. Self-efficacy, often referred to as behavioral control, refers
to a producers’ own ability to implement a practice (Bandura 1994). Whereas response efficacy refers to
a producers’ belief that by adopting the practice, it will achieve certain results or intended outcomes
(Ajzen 2002). Both of these (self-efficacy and response efficacy) play an important role in adoption
decisions.

Self-efficacy — or behavioral control —is important for producers considering a practice. If producers do
not believe it is feasible in their current system (whether individual farm or broader agricultural context)
or that they have the ability to implement it, they will be less likely to adopt, even if they desire to
(Atwell et al 2009, Wilson et al 2019, Arbuckle & Roesch-McNally 2015). A study by Perry & Davenport
(2020) showed producers have low self-efficacy when it comes to perceived control in the broader
agricultural system, but feel less constrained by their self-efficacy when it comes to their ability to do
the practice personally. When producers feel they have more control, they will be more likely to adopt
(DeDecker et al 2022, Pradhananga & Davenport 2022).

Producers with higher perceived response efficacy (believe the practice will achieve its intended
environmental outcomes) are more likely to adopt cover crops (Burnett et al 2018, Prokup et al 2017,
Wilson et al 2018), conservation tillage (DeDecker et al 2022, Wilson et al 2018), and other conservation
practices (Pradhananga & Davenport 2022, Wilson et al 2014). In fact, Burnett et al (2018) found
response efficacy was a good predictor of both current and future adoption behaviors.

A study by Beestra et al (2022) showed that producers who discontinued cover crops had a decrease in
perceived-efficacy over time. On this vein, Wilson et al (2018) recommended outreach strategies that
aim to increase perceived efficacy are more ideal solutions than financial changes.

Adaptation

Adaptation of producers’ production systems — both as an ability to and a goal — can play a role in
adoption. Producers who believe they have higher capacity to adapt their system (practices, crops,
methods, etc.) are more likely to adopt cover crops (Gardezi & Arbuckle 2019). Experience with
previous flooding and erosion — and wanting to adapt — was positively correlated with adoption of cover
crops and planting of HEL (Morton et al 2015). Knutson et al (2011) found that long-term adaptation for
drought was a driver of adoption in Nebraska for a variety of practices including cover crops,
conservation tillage, and integrated livestock.

Other Personality Factors
A variety of other personality factors can affect adoption decisions including attitudes, desire for
control, and empathy.

Producers who hold attitudes around the importance of environmental quality and protection have
been found to be more likely to adopt practices (Prokopy et al 2008). However, other attitudes have not
been found to be good predictors of adoption on their own. A study in Michigan found that producers
with strong attachment to their land — and strong attitudes about conserving it — are more likely to
adopt conservation tillage (Ryan et al 2003). Similarly, having a sense of personal responsibility to
protect water quality was found to be a driver of adoption in several studies (Kalcic et al 2014, Burnett
et al 2018, Pradhananga & Davenport 2022).



Several studies have identified feelings of empathy and sympathy as being drivers of adoption. Sautter
et al (2011) found producers who are more empathetic are more likely to adopt. Sheeder & Lynne
(2011) also found empathetic producers are more likely to adopt — as well as those who are more
sympathetic; producers with feelings of empathy are less likely to be motivated by self-interest.

Maintaining a sense of control around their land can be an important feeling for producers. One study
found producers who see adoption of practices as taking away their control of their land were less likely
to adopt (Sautter et al 2011). Similarly, producers who desire more control over their farm were less
likely to adopt conservation tillage in a 2011 study by Sheeder & Lynne.

3. Perceived Practice Characteristics

As producers weigh their options regarding practice adoption, they carefully consider the characteristics
of a practice — or at least how they perceive those characteristics to be. They appraise the perceived
benefits of and barriers to adoption, they consider the economic implications, they weigh the risk of
adopting (and of not adopting), and consider how observable, compatible, and trial-able the practice is.

Economic Considerations

Certainly the economic implications of a practice are important for producers to consider as they can
help remove barriers (Carlisle 2016, DeDecker et al 2022) or be barriers themselves in the form of
establishment, equipment, or labor costs (Sacket 2013, Knutson et al 2011, Perry & Davenport 2020,
Plastina et al 2020). For no-till, input savings was a significant driver of adoption (Reimer et al 2012,
Ranjan et al 2019). For cover crops, however, the increased costs associated with establishing a new
unknown crop (Wilson et al 2019), the additional equipment/technology needs (Thompson et al 2021,
Busse et al 2015), and termination costs (Sawadgo et al 2021) were significant barriers to adoption.

Perceived Benefits

The benefits producers believe adopting a practice can provide are important drivers of adoption.
Producers who participated in cohorts or peer networks about conservation practices were more likely
to learn about the various benefits about adoption — both economic and ecological (Bressler et al 2021).
Improving soil health was an important driver for many producers (Arbuckle & Roesch-McNally 2015,
DeDecker et al 2022, Fleckenstein et al 2020, Plastina et al 2020, Sackett 2013, Yoder et al 2021)
including increasing organic matter, decreasing compaction, and controlling erosion. Increases to yield
was another perceived benefit and driver of adoption for producers (Prokopy et al 2019). However, if
benefits are uncertain, it can be a barrier to adoption (Knutson et al 2021, Wang et al 2020).

Perceived Barriers

The barriers producers perceive about practices, on the other hand, can be a constraint to adoption. As
Reimer et al (2014) describes, producer decisions are “scale dependent and influenced by issues of
space, institutions, and time” — they are not “discrete, binary” adoption decisions, nor are they purely
individual decisions. Weather (Perry & Davenport 2020), timing issues (Plastina et al 2020), pests (Yoder
et al 2021) and labor availability (Campbell and King 2022) — along with expenses — are perceived as key
barriers to adoption that are influenced by scale and time. The more barriers a producer perceives, the
less likely they are to adopt (Wilson et al 2018). For example, a study in 16 corn producing states found
that because conservation tillage impacts are more immediate with fewer costs, it is more palatable
than practices that take longer to see the return on investment (Soule et al 2000).



Perceived Risk

The perceived risk of a practice — or the producer’s level of risk they are willing to accept — is a major
factor in the decision to adopt. Perceived risk of cover crops in particular is a barrier of adoption for
many producers (Arbuckle & Roesch-McNally 2015, Dunn et al 2016, Ranjan et al 2019, Reimer et al
2012, Snapp et al 2005, Wilson et al 2018, Yoder et al 2021). Risks included the potential yield reduction
of cash crops, as well as the cost of implementing of cover crops (seeds, equipment, chemicals) without
knowing the return on investment. Producers with less land in or lower quality land, in particular, can
perceive more risk of recouping investment costs and be less likely to adopt (Wang et al 2020).

Producers with higher personal risk tolerance were more likely to adopt practices (Burnett et al 2018).
Producers with access to resources and educational organizations about practices (Blesh & Wolfe 2014),
as well as peer cohorts or networks (Bressler et al 2021) were more likely to adopt because they helped
mitigate risk through education about practice benefits. Additionally producers who viewed a practice
as reducing yield risk because it had less variability between seasons were more likely to adopt (Ramsey
et al 2019).

However, risk can also be a driver of adoption if the disadvantages or risks due to not adopting are
perceived to be greater than adopting. Thompson et al (2021) demonstrated that producers who believe
cover crops reduce the risk of nutrient loss in waterways were more likely to adopt. Knutson et al (2011)
detailed the way practices can help reduce short term drought risk and increase long-term adaptation
for drought, and thus risk was a driver for adoption. Similarly, producers who lived on highly erodible
land (HEL) saw no-till and cover crops as ways to reduce risk of soil erosion and minimize flooding
impacts (Morton et al 2015).

Observability, Trialability, & Compatibility

Producers are more likely to adopt and maintain practices if they have opportunities to test a practice
out or trial it (trialability), if they can see the benefits for themselves on their own or others’ fields
(observability), and if they deem the practice to fit into their current farming system and land type
(compatibility). Trialability is a common driver for practices including cover crops, livestock integration,
and conservation tillage practices (Dunn et al 2016, Campbell and King 2022, Ramsey et al 2019). Sautter
et al (2011) found that producers who try conservation tillage are more likely to stay with it over time.
Compatibility is also an important factor. Producers might have the desire to adopt but if they are
unsure if it fits in with their current farming system such as equipment (Atwell et al 2009) land type, or
tenant situation (Sawadgo et al 2021) they might not deem it feasible. A practice’s  perceived
compatibility with other adopted practices on the farm can be a driver of adoption (Reimer et al 2012).
Observability (or lack thereof) can also be an important factor in adoption. If a practice does not have
benefits that are easily viewable or observable, it can make producers less likely to adopt (Fleckenstein
et al 2020); while seeing the benefits of a practice makes producers more likely to continue (Perry &
Davenport 2020, Ramsey et al 2019) or intensify the practice (Thompson et al 2021).

4. Social Factors
A variety of social factors play an important role in influencing adoption of soil health practices. The
types of groups and individuals a producer interacts with can be very important. Also important is the



types of communication, outreach, and engagement are taking place within those interactions. Social
norms and trust are also important influencing factors.

Influencing Groups
Many different groups have influential roles on producers’ decision to adopt soil health practices
including social networks, private industry/crop advisors, and conservation agency/extension staff.

Formal or informal social networks such as farmer networks or peer cohorts are an important driver of
adoption. Bressler et al (2021) found that producers who participated in a social network or peer cohort
helped generate innovative ideas, had reduced feelings of isolation associated with adoption, and were
more likely to promote practices to their peers. Many other studies found that producers who are
involved in social networks are more likely to adopt (Prokopy et al 2008, Baumgart-Getz et al 2012, Lee
et al 2018). Blesh and Wolfe (2014) shared this increase in adoption of those who are involved in social
networks is because they have additional access to resources for learning. The strength of ties to a social
network also matter. According to work by Manson et al (2016), the more strong ties that exist in a
social network, the more adoption is likely to take place. Che et al (2022) showed that peer networks
have as great of an effect on adoption as subsidies do regarding rotational grazing practices. Social
networks are important for practice maintenance/continuance as well: producers who engage more in
farmer networks in lowa were shown to be more successful after adoption (Roesch-McNally et al 2018).
Interestingly, DeDecker et al (2022) found that producers who are less engaged in farmer networks are
more likely to adopt because if they are more visible in their network, it increases the risk associated
with innovating or adopting because more peers will see if it “fails”. Increasing farmer networks and
peer learning opportunities is recommended to decrease perceived barriers and increase efficacy
(Wilson et al 2018), strengthen social ties and resource flow (Manson et al 2016), and improve the
stability and viability of new markets (Mattie et al 2016).

Beyond social networks, Cutforth et al (2001) found it depended on the group producers interact with
whether they were positively influenced towards adoption or negatively influenced. Commodity groups,
crop consultants, retailers, and even family were seen as negative influences on expanding farm
diversity beyond corn & soy, while local extension and non-family landlords were positive influences
(Cutforth). In Michigan, producers who use a crop advisor were more willing to try a new practice and
more likely to have already adopted cover crops and conservation tillage (Eanes et al 2017). Eanes’ work
did show crop advisors have a greater effect on conservation practices that are associated with products
or services (such as cover crop seeds), compared to tillage. While Atwell et al (2009) found that
producers in lowa listen more to agribusiness staff than conservation agency staff, several studies
showed more frequent interactions with private agribusiness and retailers had a negative effect on
adoption (Lee et al 2018, Morton et al 2015, Prokup et al 2017).

Recent work in Minnesota found that local conservation agencies, family, and neighbors are the most
influential groups on producer decision making related to conservation practices (Pradhananga &
Davenport 2022). Interactions with public conservation staff were positively associated with adoption in
lowa (Lee et al 2018) and in Indiana (Kalcic et al 2014). Similarly, producers in Ohio who get more
information from public agencies — or who work with a nutrient management consultant — are more
likely to adopt cover crops (Prokup et al 2017). In lowa, producers who visited USDA service centers
more often were more likely to adopt cover crops, no-till, and turn cropland to perennials (Morris &
Arbuckle 2021).



Social Norms

Social norms —the pressures or expectations about how others will behave or expect you to behave —
are an important influencing factor of adoption. The societal pressures within a community often drive
producers to adopt if others that are important to them are adopting — or if they believe that others
want them to adopt. Producers are influenced by others’ opinions of a particular practice (DeDecker et
al 2022, Liu et al 2018), whether they are peers they know personally or others in their community or
geography that they consider important or leaders. Che et al (2022) found the more people a producer
knows who have adopted, or as adoption rates increase in their local geography, the more likely a
producer is to adopt. Producers who perceived themselves as central or important to their social group
were more likely to adopt cover crops (Gardezi & Arbuckle 2019).

Social norms can also act as a constraint to adoption. Grover and Gruver (2017) found the pressure to do
what large-scale conventional farmers are doing to be a major barrier for diversification of cropping
systems, including perennials. The perception —whether true or not - that a crop is not successful or
carries risks can be spread through a community and become a barrier to adoption (Yoder et al 2021). In
Wisconsin, a main barrier to silvopasture adoption was the existing social norm that you do not talk
about the practice with natural resource professionals or other producers for fear it could be construed
as woodland grazing — a discouraged practice (Mayerfeld et al 2016).

Trust

Trust is a lesser studied, but important factor affecting adoption. Producers need to deem information
about practices as credible and trustworthy —and when they do, it is a consistent driver of adoption (Liu
et al 2018). Research in Minnesota showed that when trust and communication were consciously built
within a network of producers, resources, and agency staff, that knowledge exchanged flowed more
freely which encouraged adoption (Nerbonne & Lentz 2003). In Michigan, producers had high levels of
trust for their crop advisors and in turn, those who used crop advisors were more likely to adopt (Eanes
et al 2017). On the other hand, when trust does not exist, it can be a barrier to adoption. In Indiana,
producers with low trust of government and its programs (including conservation programs) were less
likely to adopt (Kalcic et al 2014).

Outreach, Engagement, & Communication
The types outreach, engagement, and communication that take place within social contexts are also
very important determinants of adoption.

Terms like awareness or knowledge need to be used cautiously to describe their impact on adoption.
Awareness or knowledge needs to be accompanied by specifics of what they refer to — rather than
broad “awareness”. Several studies show awareness or knowledge of specific conservation programs
available is positively associated with adoption (Baumgart-Getz et al 2012, Prokopy et al 2019, Sackett
2013) while not having enough information about practices was a barrier to adoption for others (Singer
et al 2007). Additionally, knowledge or awareness of specific practice impacts was also associated with
higher adoption (Baumgart-Getz et al 2012). In an evaluation of conservation tillage studies, Knowler &
Bradshaw (2007) found one of the only factors affecting adoption that was significant across studies was
the awareness of environmental threats. Other studies found awareness or knowledge of the cause and
consequences of environmental problems was not a driver of adoption (Baumgart-Getz et al 2012).

Outreach and engagement programs and their direct impact on adoption is also lesser studied. In
Indiana, even when adoption did not change over time after focused outreach efforts, producers self-



reported a change in behavior as a result of attending an outreach event (Busse et al 2015). Support and
outreach by conservation staff during the time when producers are trialing or transitioning practices
should be a key focus.

Outreach also needs to be tailored and targeted to the local context because the factors that affect
adoption are also local and contextual (Knowler & Bradshaw 2007). In a 2002 Midwest study, the most
used source of information about conservation differed between states and locally, so broad-based
outreach approaches are likely less effective. Instead, agencies should target outreach in “smaller,
specific segments of the farm population” (Tucker & Napier). Carlisle (2016) echoed that outreach
should be targeted locally and be different depending on the audience (adopters, non-adopters,
potential adopters, etc.). Targeted outreach should also be appropriate for the audience, as often
resources are seen as too “academic” (Grover & Gruver 2017). Even though soil and water modeling has
improved, producers will not change practices due to better models — but instead want to know impacts
on a “field by field basis” through tailored plans (Zimnicki et al 2020).

Another key component to successful engagement around adoption is the use of feedback and feedback
loops. Sharing back with producers the difference they are making in the community or in the
environment and the benefits they are receiving on their farm —and bringing together farmer networks
to learn together — are key concepts of feedback loops that help empower self-efficacy to continue a
practice (Perry & Davenport 2020).

Outreach and communication with absentee landowners, non-operating landlords (NOLs), and renters is
particularly tricky. Over financial constraints, absentee landowners flagged a lack of communication with
local conservation agencies and relying on their renters for information as the top barriers to adoption
(Petrzelka et al 2009).

5. Structural Factors

The broader systems (governmental, economic) outside of an individual producer and their farm also
impacts adoption of soil health practices through factors such as funding incentives and subsidies,
markets, crop insurance, policies, regulations, and program structures.

Funding Incentives for New Practices

The availability of funding or incentives for soil health practices is often a point of focus for those trying
to encourage adoption. The availability of funding is important and can help remove any economic
barriers of adoption such as early costs of equipment or seed (Che et al 2022, Wilson et al 2019).
Producers with more negative perceptions of practices or with greater perception of risk are less likely
to self-fund adoption, so these incentives can be imperative (Dunn et al 2016). Availability of funding or
financial incentives (Lee et al 2018, Plastina et al 2020, Liu et al 2018) or tax incentives (Mattia et al
2016, Sawadgo et al 2021) can be drivers of adoption. However, these incentives are rarely the top
driver of adoption (Carlisle 2016, Ryan et al 2003). In fact, a study on rotational grazing found the effects
of producers participating in peer networks to have an equal affect on adoption as providing incentives
(Che et al 2022). Producers often have mixed perceptions on incentives — it usually depends on the type
of practice and how much of a transition from current cropping systems it would require (Kalcic et al
2014), as well as the situational context (Ranjan et al 2019). It is important that incentive and cost-share



programs are communicated about clearly and broadly. Dunn et al (2016) found that over half of
producers in their study believed they were not eligible for cost-share programs.

Conventional Crop Subsidies & Markets

One of the biggest barriers to adoption for producers is the current agricultural system market and its
subsidies for conventional crops. Producers feel constrained by this system and unable to make changes,
even when they desire to (Atwell et al 2009, Carlisle 2016, Knutson et al 2021, Grover & Gruver 2017,
Perry & Davenport 2020). These subsidies also act as a risk management strategy so producers may be
less likely to relinquish them by changing cropping systems (Gardezi & Arbuckle 2019). Additionally new
crops are perceived to have lower prices than commodity crops, disincentivizing adoption (Grover &
Gruver 2017). Federal crop insurance can also act as a barrier to adoption (Perry & Davenport 2020,
Gardezi & Arbuckle 2019).

Even when funding incentives or cost-share is available, it sometimes is not substantial enough to
warrant adoption and overcome the barriers of keeping conventional cropping systems. Stuart and
Gillon (2013) found that subsidies and markets for commodity crops can be so strong that they
overcome any producer desire to maintain conservation —and can even cause producers to revert land
in conservation. They believe voluntary approaches have too small of incentives and instead
recommend incentives be closer tied to crop values to discourage reversion or abandonment. Roesch-
McNally et al (2018) echoed that resolving field-level barriers (costs of seeding) does not solve the
broader agricultural system structural barrier that constrains producers. Developing markets for non-
commodity crops would be on step towards encouraging adoption (Mattie et al 2016).

Contrary to other studies finding commodity markets to be a barrier, one study in the upper Midwest
found that an increase in number of total corn markets in an area was positively correlated with an
increase in planting of highly erodible soils (HEL) and land in cover crops (Morton et al 2015)

Policies, Regulations, & Program Structures

The program structures, regulations, and policies in place — from the local level to the federal level —also
play a role in adoption, typically as a barrier. Perceptions of federal programs matter when it comes to
adoption of soil health practices (Ranjan et al 2019). A study in Indiana showed producers are
constrained by current state and federal regulations because they tend to favor large, non-diverse
operators (Grover & Gruver 2017). Producers desire programs around soil health practices that are
straightforward, flexible, targeted, and consistent over time, rather than changing every few years
(Atwell et al 2009). For other producers, however, participation in federal programs around
conservation lowered their perceived yield-risk impacts and thus drove them to continue the adoption
of their practice (Ramsey et al 2019). Recommendations to encourage adoption include better
incentivizing large-scale transition through federal policy change, such as improving the Farm Bill
(zimnicki et al 2020).



Literature Gaps/Needs

Through this summary — as well as the literature reviews compiled by other scholars over the years —a
variety of literature gaps have emerged. These needs for further research are summarized below, in no
particular order.

1.

First, a very understudied aspect of adoption behavior is the concept of discontinuing or
abandoning a practice. Studies have typically focused on motivations for adoption or intentions
to adopt — but few have studied producers who have discontinued their soil health practices.
Additionally, understanding the barriers to maintaining these practices might shed some light on
reasons for abandonment.

While there have been a few studies focused on non-operating landowner and renter adoption
behavior, over half of cropland in the US is rented and eighty percent of rented cropland is
owned by non-operating landowners (Bigelow et al 2016). That makes this group of particular
importance to understand the motivations behind adoption behavior. We need more studies to
understand this group of producers and landowners, especially as tenure trends continue to
change.

One area that is continually called out as a future research need in existing literature is studies
that test out specific intervention strategies (such as outreach and engagement programs
[Carlson & Stockwell 2013]) and see the change in adoption behavior before and after, as well as
any changes in attitudes, risk perceptions, and perceived efficacy: factors that are known to be
important influences to adoption. Studies should incorporate feedback back to producers (as
Perry & Davenport 2020 described as key) and evaluate program effectiveness. Evaluation of
specific conservation programs, their participation, and related outcomes are also an important
research need (Reimer et al 2014).

Several studies have shown that social norms play an important role in influencing adoption
behavior. However, as Prokopy (2019) states, “...variables suggested by common social science
theories do not seem to be frequently or effectively operationalized in the farmer conservation
practice adoption literature; prominent among these missing variables is the role of social
norms”. Thus, we need additional theory-based studies to continue to flesh out the importance
of this variable. In what ways and contexts do social norms present themselves and are most
salient? How can program managers seek to activate these norms to encourage adoption?

An emerging area of study around adoption behavior has been around network analysis —
understanding the diverse influences in a producers’ sphere, how they connect, and what the
relative strength of influence is among each player/group. More study in this field could shed
additional light on how these players interact to influence producers, in what venues and
contexts, and where to prioritize resources to amplify these networks.

One area of study that is almost non-existent is long-term longitudinal studies. Longitudinal
studies could demonstrate changing adoption trends over time, if intentions to adopt lead to
actual adoption, trends in abandonment, and even how adoption moves through a landscape or
region. These studies could importantly show the stages of adoption in a community over time —
and how they might translate to other geographies.

Few studies investigated adoption behavior related to the planting of perennial crops. Many of
these perennial crops have been developed more recently, and thus encouraged for less time,
than other practices such a conservation tillage and cover crops.



Last but not least, few scholars have studied the culturally specific barriers to adoption by
producers that are non-traditional, but growing, in the Midwest (first generation producers,
female producers, producers of color, and immigrant producers). Just as the drivers of and
barriers to adoption for the “typical” white, male producer are diverse and varied — so likely are
those for non-typical producers. Studies should focus on understanding the culturally specific
and place-based factors influencing adoption behavior for these newer groups of producers to
make sure outreach and programs can be appropriately targeted.
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