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Soil health conceptualization differs across
key stakeholder groups in the Midwest

J. Wade, M.A. Beetstra, M.L. Hamilton, S.W. Culman, and A.J. Margenot

Abstract: Stakeholder conceptualizations of soil health inform agricultural decision-making.
Currently, diverse sources of soil health knowledge have resulted in divergent conceptualiza-
tions of soil health across groups. Using a combination of mail and online surveys of corn (Zea
mays L.), soybean (Glycine max [L.] Merr.), and wheat (Tritcum aestivum L.) farmers (n = 89);
USDA Natural Resources Conservation Service (NRCS) personnel (n = 134); and agricul-
tural researchers (n = 42) in the Midwest; we (1) investigated how members of these groups
perceived prioritization of soil health by farmers, (2) explored conceptual linkages with soil
health, and (3) assessed the efficacy of soil testing methods. Farmers ranked soil health as a
much higher priority (8.5/10) than NRCS personnel and researchers expected (4.9 and 5.7,
respectively). While there were many areas of shared conceptualization, there were also key
systematic differences across groups. Use of specific types of soil tests was positively associated
with their valuation, with the exception of farmer use of soil health tests. Farmers ranked soil
health tests as providing highly valued information but reported low use, suggesting barriers
to adoption rather than a lack of interest. These findings have implications for both commu-
nication and research strategies for soil health.

Key words: farmer attitudes—farmer beliefs—Natural Resources Conservation Service—

soil health—soil testing

Farmers, policymakers, and the agricul-
tural research community increasingly
use the lens of soil health to concep-
tualize on-farm soil conservation and
management. Increased discussion of soil
health among these entities and in the farm
press (Arbuckle 2016) illustrates that soil
health knowledge is transmitted through
complex networks of information exchange,
rather than originating from a single source
(Wick et al. 2019). Thus, there is a diverse
set of stakeholders that are both consuming
and/or disseminating soil health informa-
tion. This is emblematic of a transition from
the traditional model where knowledge
is produced “by scientists, repackaged by
extension officers, and launched at farmers”
(Carr and Wilkinson 2005) to a more inter-
active, network-based model where farmers
and researchers stand on more equal foot-
ing (Lubell et al. 2014). As these networks
broaden, they include increasingly diverse

sets of stakeholders who may conceptualize
soil health distinctly from one another.

In the context of soil health, this diver-
sity of perspectives was described early on
by Romig et al. (1995) and has produced
distinct knowledge patterns. On one hand,
farmers tend to possess a broad, working
knowledge of soil-plant relationships under
variable conditions, which is a more practical
type of knowledge (Ingram et al. 2010). This
is contrasted with the deeper knowledge of
soil under more controlled conditions typical
of agricultural researchers, which is a more
analytical form of knowledge (Ingram et al.
2010).These diverging thought patterns sug-
gest that the mental models surrounding soil
health may differ among farmers, outreach
educators, and scientists (Lobry de Bruyn
and Andrews 2016; Prager and Curfs 2016).

Mental models are representations of how
people make sense of the world around them
by testing assumptions about causal rela-
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tionships among states of affairs, concepts,
or factors (Craik 1967; Johnson-Laird 1983;
Byrne and Johnson-Laird 2009). They act as
a filter through which the external world is
perceived, informing the assessment of risks
and benefits, the assimilation of knowledge,
and ultimately, decision-making. One read-
ily identifiable indication of diftfering mental
models of soil health is the preferred methods
of assessment. Early studies of farmer percep-
tions of soil health suggested that farmers
prefer more qualitative, holistic soil health
assessments (e.g., how the ground works up
with a tractor and soil smell), while research-
ers use more quantitative and domain-specific
assessments (e.g., lab-based soil tests) (Doran
and Parkin 1994; Romig et al. 1995, 1997,
Ingram et al. 2010). These preferences lead
to differing experiences and knowledge pat-
terns. Farmers’ soil knowledge tends to arise
from experiences under ever-changing con-
ditions whereas researchers’ knowledge tends
to be under more controlled conditions
(Ingram et al. 2010), ultimately informing
their mental models (Prager and Curfs 2016;
Van Hulst et al. 2020). Attempts to integrate
and reconcile quantitative soil health assess-
ments with farmer perceptions have been
met with mixed success (Andrews et al. 2003;
Gruver and Weil 2007; Sprunger 2015; Lobry
de Bruyn and Andrews 2016; Hargreaves et
al. 2019). However, accounting for farmer
mental models in extension programming
and communication increases the likelihood
that that advice will be implemented (Eckert
and Bell 2005; Hoftman et al. 2014; Lobry
de Bruyn 2019). Therefore, the blending of
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these knowledge patterns is essential to help
these stakeholders co-develop sustainable
land management strategies (Ingram et al.
2010; Lobry de Bruyn et al. 2017;Van Hulst
et al. 2020).

Understanding how different groups con-
ceptualize soil health is a key step toward
continued and more effective collabora-
tions to improve agricultural sustainability.
To this end, the present exploratory work
focuses on three stakeholder groups within
the Midwestern United States—grain
crop farmers, USDA Natural Resources
Conservation Service (NRCS) personnel,
and agricultural researchers with soil health
expertise—in order to (1) evaluate the per-
ceived importance of soil health to farmers
by each group, (2) investigate differences and
similarities in conceptualizations surround-
ing soil health effects, and (3) determine
the self-reported use and perceived value of
current soil testing methods. We hypothe-
size that farmers will perceive soil health to
be more important than NRCS personnel
or agricultural researchers recognize (H1).
We hypothesize that conceptualizations
of soil health will differ the most between
the practical knowledge of farmers and the
analytical knowledge of researchers and that
the NRCS personnel will occupy a middle
ground between these two groups due to
their role as intermediaries (H2). Finally, we
expect that the three groups will have dif-
ferent use and value perceptions of current
soil testing methods (H3). Specifically, we
hypothesize that farmers’ practical knowl-
edge under variable conditions will lead
them to higher usage and value placed on
in-field strategies than the other two groups.

Materials and Methods

Survey Development and Implementation.
We developed the soil health surveys in two
stages. First, we conducted semistructured
phone interviews of 30 to 60 minutes with
5 to 10 members from each group of interest.
Using conventional content analysis of these
interviews, we identified 19 concepts, each of
which were discussed by at least two inter-
viewees. The first two authors each coded half
of the total interviews (n = 8 interviews each).
As an inter-coder reliability check, these
authors also coded half of the other author’s
interviews (n = 4 interviews each) to confirm
consistency of coding. Any discrepancies were
discussed and remediated to ensure accuracy
and consistency. To minimize redundancy in
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the survey, we consolidated similar concepts,
ultimately establishing six emergent concepts
related to soil health: soil fertility and bio-
logical functioning, soil physical functioning,
crop productivity, profitability, environmental
harm, and agrochemical inputs. These broad
concepts were chosen to ensure that members
of all three groups had a consistent under-
standing of the concepts.

To describe conceptualizations of soil
health, we developed a survey asking partici-
pants to relate these emergent concepts with
soil health. Then in late February of 2019,
we sent out surveys to 650 farmers, 1,427
NRCS employees, and 381 agricultural
researchers from the greater Midwest (figure
1). We purchased the farmer survey sam-
ple from Farm Market ID (farmmarketid.
com), which was comprised of corn (Zea
mays L.), soybean (Glycine max [L.] Merr.),
and wheat (Triticum aestivum L.) farmers that
were stratified based on farm size, with equal
representation of farmers with 50 to 250 ac
(20.2 to 101.2 ha), 500 to 1,000 ac (202.3
to 404.6 ha), and 1,000+ ac. This stratifica-
tion was chosen to maximize both total area
and diversity of farm sizes. We compiled
NRCS personnel contacts from publicly
available databases, including all employees
with “soil” or “agronomy” in their position
title. Agricultural researcher contacts were
compiled from departmental and extension
websites of 1862 land grant institutions.
While not specifically a group of interest,
we included USDA Agricultural Research
Service (ARS) employees with a university
appointment in our sample. Inclusion was
based on stated research expertise where
available, as well as the topic of publications
from 2013 to 2018. Researchers who listed
“soil health” in their research interests or
who had authored publications that included
the term “soil health” were included in the
sample. All sample populations were drawn
from Ohio, Michigan, Indiana, Illinois, Towa,
Wisconsin, Minnesota, Nebraska, North
Dakota, and South Dakota. Farmer surveys
were sent by mail using official The Ohio
State University stationery, while NRCS
and researcher surveys were sent via email.
Farmers could complete the survey on paper,
but all participants had the option to com-
plete the study online. For each group, we
contacted them four times across a period
of six weeks. The first message (mailed to
farmers, via email to NRCS employees and
researchers) described the purpose of the

Figure 1

Geographic distribution of responses

by state. Values are expressed as a
percentage of total respondents within
each group ([a] farmers, [b] USDA Natural
Resources Conservation Service, and [c]
researchers). Respondents were able to
select multiple state(s).

(a)

(b)

(c)

Respondents (% of total)

- =a
4 8 12 16

study as related to soil health and provided
a link to complete it online. Two weeks later,
we mailed a paper version of the survey
to those farmers who had not yet com-
pleted the study online and emailed NRCS
employees and researchers a reminder with
the survey link. Two weeks later, we sent
a reminder to farmers via a postcard and
nonfarmers via email to complete the sur-
vey. Finally, two weeks later, we sent a final
reminder to all groups with a mailed paper
copy of the survey (farmers only) or survey
link. We received complete, usable responses
from 89 farmers, 134 NRCS employees,
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and 42 researchers, giving response rates of
13.7%, 9.4%, and 11.0%, respectively.

Across all three groups, the survey response
rate was low. Across all groups, this may be
partially attributed to the timing of the mail-
ers. All three groups were likely preparing for
or beginning spring planting as the surveys
were being sent out (early spring). However,
given the especially wet spring of 2019 and
the delayed planting window (Morning Ag
Clips 2019), this was likely less of a factor than
it might be in other years. For farmers, the low
response rate may be due in part to the lack
of incentive attached to the survey and some
issues with surveys arriving at the addresses of’
nonfarmers. We are likewise aware that some
NRCS and researcher survey emails arrived
in spam folders. Due to these challenges, it is
difficult to know the true response rate for
each group, although the values presented
above are likely underestimations. However,
given the exploratory nature of the present
work and due to other reasons outlined below,
we are not concerned that the low response
rate impacts the results in a meaningful way.

We ascertained the representativeness of
our sample in several ways. First, we found
that our sample was representative of our
groups of interest even though the response
rates were low. We had a relatively even dis-
tribution of NRCS personnel and researcher
responses across our geography of interest,
though Kansas and Missouri were poorly
represented in both groups (figure 1). We
also compared farmer characteristics of the
respondents to those of farmers from our states
of interest in the 2017 Census of Agriculture
(USDA NASS 2019). Farm sizes represented
in our study were larger than those in the
Census of Agriculture, but this is due to our
strategic stratified sampling by farm size to
represent more area rather than more oper-
ators. Our age distribution (table 1) was not
significantly different from the National
Agricultural Statistics Service-reported dis-
tribution in our surveyed states (x> = 4.6,p =
0.098; data not shown). However, our sam-
ple was slightly biased toward males, relative
to the total gender breakdown of field crop
primary operators within our states (y> =
7.4, p = 0.007; data not shown). This may be
partially attributable to our larger than aver-
age farm size, as males are disproportionately
represented as primary operators in larger
farms (USDA NASS 2019). This assessment
of representativeness is particularly import-
ant because having a representative sample
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Table 1
Respondent demographic information, including age and gender for each group.
Demographics Farmers NRCS Researchers
Age Mean, median; 58.3, 58; 43.6, 42; 44.5, 41.5;
(min, max) (27, 88) (23, 77) (23, 81)
Gender Male (%) 94.2 61.1 57.1
Female (%) 5.8 374 40.5
No response (%) 0 1.5 2.4

has been shown to be more important than
the response rate (Cook et al. 2000). Lastly,
response rates to both mail and online sur-
veys are declining over time (Sax et al. 2003;
Stedman et al. 2019). Our response rates
are comparable to several recent surveys on
farmer attitudes (14.5%) (Burli et al. 2019)
and farmer economic outcomes (10%)
(Pederson et al. 2012). Thus, our challenge
with a low response rate is not unique to
the present study, but is broadly reflective of
trends in social science research.

To better understand how each group
conceptualizes soil health, we asked how
respondents perceive causal links between
soil health and our emergent concepts.
We used multiple choice questions to ask
what effect an increase in soil health has on
each emergent concept, with the provided
responses as ‘“‘increases” (+1), “decreases”
(-1), or “they are not related” (0). In order
to differentiate between bidirectional (i.e.,
reciprocal relationships) and unidirectional
relationships, we then asked this question in
reverse: what effect an increase in each emer-
gent concept has on soil health, with the
same answer choices as before. For example,
“What eftect does an increase in soil health
have on crop productivity?” would corre-
spond to “What effect does an increase in
crop productivity have on soil health?” Thus,
our respondents indicated which concepts
are affected by soil health, which we refer to
as unidirectional relationships (i.e., soil health
— emergent concept), and which concepts
also affect soil health, which we refer to as
bidirectional relationships (i.e., soil health
<> emergent concept). Respondents did
not report any unidirectional relationships
where an emergent concept only affected
soil health (i.e., emergent concept — soil
health). Our interpretation of these find-
ings assumes that each individual accurately
describes their experiences and therefore
we cannot confirm with full confidence
that these conceptualizations are “true” (i.c.,
reflect reality) or not (Moon and Blackman
2014). Accordingly, our interpretation of
soil health conceptualizations is limited to

communication strategies arising from those
conceptualizations rather than assessing the
veracity of the conceptualization.

In addition to understanding each group’s
conceptualizations of soil health, we were
also interested in perceived soil health
importance to farmers and the use and effi-
cacy of various types of soil testing. First, we
asked farmer respondents to self-identify the
priority of soil health on their farm from 0
(not a priority) to 10 (highest priority). To
understand how this prioritization is or is
not perceived by nonfarmer groups, we also
asked NRCS and researcher respondents to
evaluate the degree to which they believe
farmers prioritize soil health. Lastly, to deter-
mine the efficacy of soil tests, we asked all
groups if they had used standard agronomic
soil tests, soil health tests, or in-field tests to
evaluate soils (either on their farm or for their
work) in the last three years. For respondents
who used a given test, we then asked them
to rate the quality of information from that
test, ranging from 1 (not at all helpful) to 5
(extremely helpful).

Statistical Analyses. All analyses were per-
formed in R v1.2.5001 (R Core Team 2019)
using RStudio (RStudio Team 2020). To
compare the perceived farmer prioritization
of soil health and farmer-reported prioritiza-
tion of soil health, we used the kruskal.test( )
command in the base R stats package (R Core
Team 2019) and used dunnTest( ) from the FSA
package (Ogle et al.2020) to calculate multiple-
comparison adjusted p-values. Comparisons
were performed for each group relative to
farmer reported prioritization. Graphs were
constructed using ggplot2 (Wickham 2016) and
gopubr packages (Kassambara 2020).

Results and Discussion

How Important is Soil Health to Farmers?
Our results indicate that soil health is a high
priority to farmers in their on-farm opera-
tions, but NRCS personnel and researchers
underestimate its importance to farmers (fig-
ure 2). On average, farmer respondents rated
soil health 8.5 out of 10 priority on their
farms (lowest reported value was a 5). This
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Figure 2

Perceived farmer prioritization of soil health.
Dashed line represents farmer-reported pri-
oritization of soil health. Paired comparisons
of each group to farmers was performed
using Kruskal-Wallis test (p < 0.001 for both).
NRCS is the USDA Natural Resources Conser-
vation Service.

10.0

(Farmer reported
impontance of soil health)

7.5

0.0

NRCS Researcher

Importance of soil health to farmers (0 to 10)

Group

was significantly higher than what nonfarmer
respondents expected (p < 0.001) and did
not vary with reported frequency of inter-
actions between nonfarmers and farmers (p
> (.10, data not shown). NRCS personnel
and agricultural researchers on average esti-
mated that farmers rank soil health at 4.9 out
of 10 and 5.7 out of 10, respectively. Thus,
we confirmed our first hypothesis (H1) that
the importance of soil health to farmers is
likely undervalued by nonfarmer groups.
The attitudes informing this systematic
underestimation of the value of soil health
to farmers were captured in comments from
several nonfarmer respondents. One respon-
dent said,

I think the ‘how valuable is soil health to
Farmers’ question could be split into two
questions. How valuable is it to them and
how valuable should it be. I answered 3 in
your survey which might be high. How
valuable should it be....12!

Similarly, another respondent said,
Soil health is everything—unless we adapt
and adopt [practices that increase soil
health] we will lose our ability to sustain-
ably grow crops/food. This is a MUST

NOV/DEC 2021—VOL. 76, NO. 6

DO for every farm/farmer. It needs to be
our top priority.

These comments indicate both the per-
ceived importance of soil health by the
nonfarmer respondents and also their per-
ception that farmers undervalue soil health.
Other work has found similar attitudes about
farmers, with nearly 90% of respondents
indicating that more interest from farm-
ers about soil health would have significant
impacts within their resource management
districts (Wirth-Murray and Basche 2020).
Our results illustrate that farmers prioritize
improving soil health to a degree not rec-
ognized by NRCS personnel or researchers.
The importance of soil health may also be
reflected in farmer action; one recent survey
that found most Iowa farmers (>70%) had
already taken steps to improve soil health
on their farms and also wanted more infor-
mation (Arbuckle 2017). These previous
studies and our study collectively underscore
the strength of the “soil stewardship ethic”
identified among farmers in the Midwest
(Roesch-McNally et al. 2018). Collectively,
these results demonstrate that soil health has
broad, often unrecognized support.

Group-Level Conceptualizations of Soil
Health. We found that several emergent
concepts had high agreement across groups.
Farmers, NRCS personnel, and agricultural
researchers all agreed that soil health posi-
tively affected crop productivity and farm
profitability (upward-pointing blue arrows
in figure 3), and all groups reported bidirec-
tional linkages between soil health and (1)
soil fertility and biological functioning and
(2) soil physical functioning (two-headed
arrows). relationships  (i.e.,
feedback loops) represent areas where con-
ceptualizations are particularly complex and
are more individualized (Levy et al. 2018).
This was an unexpectedly high degree of
agreement across groups, broadly refuting
our hypothesis (H2). However, the complex-
ity suggested by the bidirectional linkages
demonstrates that the within-group con-
ceptualizations can also differ substantially.
One implication of this finding is that using
soil health to communicate about soil biol-

Bidirectional

ogy or physical functioning is difficult, even
within groups. This is evident in a lack of
convergence on ways to measure biological
and physical components of soil health, even
within agricultural researchers (Biinemann
et al. 2018; Stewart et al. 2018).

In addition to the points of agreement, we
observed variation in how members of groups
perceived relationships between soil health
and the emergent concepts. More than 80%
of farmers perceived soil health to reduce
environmental harm (downward-pointing
red arrows in figure 3), whereas more than
80% of NRCS personnel and agricultural
researchers not only perceived this relation-
ship, but also indicated that environmental
harm reduced soil health (figure 3). Similarly,
farmer and researcher respondents reported
that soil health reduced agrochemical inputs,
whereas NRCS personnel additionally per-
ceived agrochemical inputs to negatively
affect soil health. Therefore, the conceptual-
izations of researchers were generally more
closely aligned with those of farmers (five out
of six emergent theme) than were the con-
ceptualizations of NRCS employees (four
out of six themes), ultimately refuting our
expectation that conceptualizations by farm-
ers and agricultural researchers would be the
most distinct from one another (H2). These
points of divergence represent potentially
unexplored and complex areas for research-
ers and NRCS personnel to communicate
with farmers. Therefore, communication
across divergent conceptualizations of soil
health requires a cautious approach until they
are better understood.

Use and Value of Soil Tests. Overall, stan-
dard agronomic soil tests (e.g., pH, organic
matter, and extractable nutrients) were the
most commonly used type of soil test and
provided the most useful information for
both farmers and researchers (figure 4a and
4b). This was followed by in-field soil tests
(e.g., shovel, by feel, etc.), which were gen-
erally less common and less useful to these
groups. However, these rankings were oppo-
site for NRCS personnel, who were most
likely to use in-field tests and found those
the most useful. This greater usage of in-field
soil tests by NRCS personnel may reflect
the duties of NRCS soil conservationists
(https://www.nrcs.usda.gov/wps/portal/
nrcs/detail/national/careers/plan/?cid=stel-
prdb1085931). Although there were slight
differences between groups (figure 4b), both
in-field and agronomic tests were consid-
ered quite useful by all groups, often scoring
at least 3.75 out of 5. Soil health tests (e.g.,
Haney Test, Solvita, and Cornell Soil Health)
were the least used by all groups. NRCS per-
sonnel and researchers ranked them as the
least useful of the three tests, whereas farmers

JOURNAL OF SOIL AND WATER CONSERVATION

6114doD

-/25:(9)9/ UoIEASSUOD BT PUE |I0S JO [euJnor
191005 UO[TensssuoD BTeM PUe [10S TZ0Z @ W

610°SOMS’ MMM sg/?
"PaNnJESaI SIYBL ||V


http://www.swcs.org

Figure 3

Group level differences in soil health. To aid in identifying areas of consensus at the group level,
we have only included those relationships where »80% of respondents agreed on the presence
(i.e., + 1vs. 0) and direction (i.e., +1 vs. —1) of the relationship. Bidirectional relationships with
»80% consensus are included for transparency and to signal that a reported relationship exists.
Blue indicates a positive relationship and red indicates a negative relationship. Darker colors
indicate unidirectional relationships and light colors indicate bidirectional relationships. NRCS is
the USDA Natural Resources Conservation Service.

How does better soil
health influence...

...crop productivity

...profitability

...soil fertility and biological
functioning

...s0il physical functioning

...environmental harm

...agrochemical inputs

Farmers personnel researchers

NRCS  Agricultural

ranked them as more useful than in-field tests
and less useful than agronomic tests.

Our findings support our hypothesis that
groups differ in their use and valuation of
various types of soil tests, although these
group-level preferences differed from our
hypothesized patterns (H3). Specifically, farm-
ers used the in-field tests at similar rates to
researchers and less frequently than NRCS
personnel and found that information the
least useful out of the three tests (figure 4b).
Low farmer use and valuation of in-field soil
tests differs from previous findings that farmers
prefer more qualitative methods of analyzing
soil (Romig et al. 1995; Karlen et al. 1997).
Interestingly, the group-level usage and valua-
tion of soil tests shows that with the exception
of soil health test usage, researchers are more
similar to farmers than are NRCS employees,
further refuting our second hypothesis (H2).

Greater frequency of use of soil tests was
generally correlated with higher reported
usefulness (r = 0.96, p < 0.001; figure 4c),
with the exception of farmer responses
regarding soil health tests. Farmer reports
of the usefulness of soil health tests were
anomalously high (3.92 out of 5) given their
low usage (14.8%). The close relationship
between use and valuation is noteworthy,
but it is unclear how or if this is causal. We
cannot determine if respondents were more
likely to use a soil test they deemed valu-
able or if tests were deemed more valuable
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because respondents used it more frequently.
However, our results imply that low farmer
use of soil health tests is not necessarily due
to a lack of perceived utility. Other work
in the Midwest has found that soil health
testing is widely recognized as an essential
component of agricultural management
(Wirth-Murray and Basche 2020). There is
a potential that farmers seeking information
about soil health are more likely to use soil
health tests and therefore found the informa-
tion more valuable. However, we do not see
any difference in the reported prioritization
of soil health between farmers who use soil
health tests and those who do not (p = 0.69;
data not shown). Moreover, among farmers
who had used a soil health test, there was no
correlation between soil health prioritiza-
tion and the perceived value of information
from the soil test (r = =0.23, p = 0.38; data
not shown). Therefore, we don’t see any
evidence of “wishful thinking” among our
farmer respondents. This suggests other bar-
riers to farmer use of soil health tests, such
as availability or cost of these tests (Ranjan
et al. 2019; Wirth-Murray and Basche 2020).

Limitations of Current Findings. The pri-
mary limitation of our study is the possibility
that farmers who responded to the survey
are the ones who value soil health the most,
artificially inflating the self-evaluation of soil
health importance compared to the larger
Midwestern farming population. Also, some

farmers may have provided a score higher
than their true feelings to avoid seeming like
they do not think soil health is important (i.c.,
social desirability bias) (Fisher 1993). However,
even if this bias did occur, the large differences
between groups suggest that NRCS person-
nel and researchers likely still undervalue the
importance of soil health to farmers.

Summary and Conclusions

Using a survey of three distinct groups of
stakeholders across 10 Midwestern states, we
found that soil health is a potentially useful
communication and framing tool. In partic-
ular, farmers prioritize soil health to a greater
extent than other groups realize, although
future work is needed to better understand
the cause of this underestimation. While
there are areas of shared conceptualizations
of relationships between soil health and other
production components, there are certain
areas that differ systematically across groups
(i.e., environmental harm and agrochemical
inputs). Therefore, when communicating
about soil health across groups, framing and
communication strategies should be tailored
to match the target group’s conceptualiza-
tion. Our results also highlight the value
of soil health as a framework within which
to discuss agronomic, environmental, and
potentially
on-farm decision-making.

As an example of how to implement these
findings, if a researcher wanted to communi-
cate with farmers about the benefits of soil
health, discussing the effect of soil health on
agrochemical inputs would likely be impact-
ful. Both researchers and farmers are more
likely to see this relationship as unidirectional
and therefore more straightforward (figure
3). However, if a researcher used the framing
of soil health to communicate with NRCS
personnel about environmental harm, our
results suggest that the NRCS personnel
are more likely to see environmental harm
as both influencing and being influenced by
soil health. This reciprocal relationship could
stymie communication due to individual-
ized conceptualizations of this relationship
and the high potential for unintended (yet
inferred) feedback loops. That is, the audience
could be inferring an additional relationship
due to their differing conceptualization.
For concepts with broad agreement (e.g.,
crop productivity and profitability), com-
munication across groups is more likely to
be successful and straightforward. Therefore,

economic considerations of
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Figure 4

Group-level differences in (a) soil test usage and (b) the perceived value of information from
each type of soil test, and (c) the relationship between soil test usage and reported value (on
a scale from 1 to 5). Letters in (a) and (b) indicate significant differences (p < 0.05) in reported
usage or perceived information value between groups for each type of soil test, as determined
using a Kruskal-Wallis test and where “ns” indicates no significant differences between
groups. Correlation and p-value were calculated excluding farmer soil health test data point,
which was an outlier. Data in (c) are group-level means from (a) and (b). NRCS is the USDA Nat-

ural Resources Conservation Service.
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careful consideration of message framing is
needed to match communication goals and
the specific audience (Hasling 2009; Wilson
et al. 2014).

Our results also have important implica-
tions for the development and refining of
soil health tests. Conceptually, farmers see a
linkage between soil health and agrochemi-
cal inputs and crop productivity. However,
only a handful of studies have explored these
linkages using common soil health tests
(Franzluebbers 2018; Yost et al. 2018; Wade
et al. 2020), despite farmers demonstrating a
greater willingness to implement information
derived from a soil test than from nontest
sources (Tao et al. 2012). Therefore, although
the overall usage of soil health tests was low
amongst farmers, the information farmers
glean from those tests is both valuable and
more likely to be implemented. This indicates
that soil health testing could be effectively and
broadly utilized if barriers to adoption were
better understood and mitigated. An under-
standing of barriers to adoption will help
ensure that current large-scale projects mea-
suring and vetting soil health tests—such as

NOV/DEC 2021—VOL. 76, NO. 6

the North American Project to Evaluate Soil
Health Measurements currently underway by
the Soil Health Institute (Norris et al. 2020)—
will be widely implemented by farmers.
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