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Abstract

Soil balancing is widely used in organic farming, but little is known about the practice because technical knowledge and
goals for the practice are produced and negotiated within an alternative community of practice (CoP). We used a review of
the private soil balancing literature and semi-structured interviews with farmers and consultants to document the knowledge,
shared meanings, and goals of key actors within the soil balancing CoP. Our findings suggest this CoP is dominated by dis-
course between private consultants and farmers, with few contributions to or from scientists or the peer reviewed literature.
The idea of soil balancing is centered around improving soil quality through adjustments in Base Cation Saturation Ratios
(BCSR), and practitioners report a wide range of positive agronomic outcomes. For most soil balancers, however, BCSR is
only one part of a broader approach to soil health management that also utilizes traditional soil fertility recommendations
and soil health-building cultural management practices. Meanwhile, a survey of land grant university soil fertility special-
ists and the peer-reviewed literature documented a high degree of skepticism and a lack of scientific evidence that BCSR
can boost crop yields. We conclude that this scientific discourse reflects a disconnect from the practices and meanings used
in the soil balancing CoP. While tensions between the dominant and niche agricultural knowledge systems are not unique,
we believe a better appreciation for the nuanced meanings and goals within the soil balancing CoP present an opening for
expanded collaborations with scientists doing research on soil health.
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Introduction

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10460-020-10165-y) contains
supplementary material, which is available to authorized users.

For decades, the development of new knowledge and inno-
vations in agricultural systems was thought of as a linear
process wherein discoveries from scientists are transferred
through various channels to farmers (Blackburn 1989; Leeu-
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wis and Van Den Ban 2004; Rogers 1995). More recently,
researchers have recognized the importance of farmer-gen-
erated local or tacit knowledge and expertise (Kloppenberg
1991; Morgan and Murdoch 2000). There is growing atten-
tion to the use of social learning approaches or co-produc-
tion of agricultural knowledge that better integrates farmer
observational experience with scientific methods and exper-
tise (Knickel et al. 2009; Leeuwis and Van Den Ban 2004;
Wood et al. 2014).

While significant progress has been made to expand
collaborations between agricultural scientists and farm-
ers (Sumane et al. 2018), most agricultural research is still
done with traditional randomized experimental trials under
scientifically controlled conditions. Many scientists and
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practitioners struggle when farmer experiential knowledge
conflicts with results of scientific studies (Eshuis and Stuiver
2005; Francis 2010). The tensions between farmer and sci-
entific ways of knowing have often emerged in discussions
of soil fertility management and soil health (Doran 2002;
Fairhead and Scoones 2005). In response, several recent
papers have demonstrated the value of farmer experience to
develop better indicators for measuring and managing soil
quality (Barrios et al. 2006; Mairura et al. 2007) and to help
build a common language between scientists and farmers
(Richelle et al. 2018).

To add further complexity, there is growing appreciation
for the role of private sector advisors and consultants in
agricultural knowledge generation and dissemination in the
U.S. and Europe, a trend that is related to a steady decline
in funding for public science and extension since the mid-
1990s (Eanes et al. 2017; Hejnowicz et al. 2016; Prokopy
et al. 2015; Wolf 1995). While private sector actors have
been identified as potential brokers of knowledge between
farmers and scientists (Klerkx and Jansen 2010; Oreszczyn
et al. 2010), some worry that their profit motive and com-
petitive nature may lead to exclusive markets for knowledge
and potentially limit open public sharing of information
(Compagnone and Simon 2018).

Both the linear and co-production models of innovation
and knowledge diffusion have emphasized the importance
of technical agricultural knowledge (Krzywoszynska 2019).
However, scholars using a Communities of Practice (CoP)
(Wenger 2000) approach have demonstrated that the trajec-
tory of innovation and new knowledge creation is shaped as
much by socio-cultural as by technical factors (Eshuis and
Stuiver 2005; Schneider et al. 2010; Vanclay 2004). In par-
ticular, the framework focuses attention on the social learn-
ing processes through which shared meanings and values
are developed among practitioners that are reflected in their
objects of study, the goals or purposes of their efforts, and
the emergent boundaries between their work and other CoPs
(Wenger 2000). In this way, learning is viewed as “a process
of social construction and knowledge sharing, rather than
a process of knowledge transfer” (Morgan 2011; p. 101).
These processes can include patterns of mutual engagement,
the recognition that they are engaged in a joint enterprise,
and the emergence of practices, words, and concepts that
represent a shared repertoire (Wenger 1998).

The CoP approach has been applied to agricultural set-
tings where scholars have shown how epistemologies,
knowledge, meaning, and shared goals for agricultural prac-
tices are negotiated and co-produced by different groups of
farmers, consultants, and scientists (Krzywoszynska 2019;
Morgan 2011). Importantly, the CoP framework recognizes
that there are always multiple communities of practice in
agriculture, with some being more dominant than others
(Ingram 2018; Krzywoszynska 2019). The institutions and
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actors in mainstream agricultural supply chains comprise
the dominant agricultural knowledge system (DAKS) which
produces and shares information relevant for most of those
involved in conventional agriculture. Alternative or niche
agricultural knowledge systems (NAKS) also exist within
CoPs in agriculture where farmers reject components of the
dominant production system. For example, by relying more
on agroecological processes than purchased agrichemical
inputs, organic, biodynamic, eco-agriculture and perma-
culture (Ingram and Morris 2007; Ingram et al. 2018), and
sustainable soil health management practices (Krzywoszyn-
ska 2019) are examples of approaches that have developed
their own CoP. Because they often operate outside of the
mainstream DAKS, NAKS engage in active processes to
define the goals and boundaries of their production systems
and use these to generate knowledge and information that
reflects their unique production practices, problems, and
goals (Ingram 2008, 2018; Ingram and Morris 2007; Noy
and Jabbour 2019; Toffolini et al. 2017).

Niche knowledge systems have different degrees of over-
lap or integration with the mainstream DAKS. While still a
small fraction of the public and private sector agricultural
research portfolio, organic agriculture is gaining a signifi-
cant share of the food market in the United States (US) and
European Union (EU) (Monke 2016; Rahmann et al. 2017),
and there is growing interest among mainstream agricultural
scientists to study organic systems as a model for improving
the environmental sustainability of conventional crop agri-
culture (Lorenz and Lal 2016). Similarly, increased attention
to the importance of soil health as a way to promote resil-
ience in the face of climate change has led to an explosion
of scientific research on the impacts of alternative cultural
management practices such as crop rotations, cover crops,
and use of manure on soil quality (Arbuckle and Roesch-
McNally 2015; Blanco-Canqui et al. 2015; Dhaliwal et al.
2019; Haynes and Naidu 1998; Keene et al. 2017; Lieb-
man et al. 2018; Spargo et al. 2016). The emergence of new
CoPs around sustainable soil management has demonstrated
opportunities for greater integration and exchange between
farmers and agricultural scientists (Krzywoszynska 2019).

Meanwhile, CoPs around agricultural practices like per-
maculture, biodynamics, and soil balancing have had a more
estranged relationship with the DAKS, with relatively little
attention and general dismissal from mainstream agricul-
tural scientists despite the persistent and widespread use of
these approaches among farmers (Ingram 2007; Ingram et al.
2018). As a result, most knowledge creation, innovation, and
discourse among practitioners have taken place outside of
scientific disciplines and DAKS institutions. In contrast, they
have relied more on farmer innovators and private sector
consulting and agribusiness firms for guidance (Crawford
et al. 2015; Morgan and Murdoch 2000; Niggli et al. 2008).
A CoP that consists mainly of farmers may emphasize
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information around whether a management practice works
in specific contexts, whereas a CoP that is comprised mainly
of scientists may focus more on why something happens
(Ingram et al. 2010; Romig et al. 1995).

This paper uses a CoP framework to explore the growth
and development of a farming practice known as soil bal-
ancing. The practice is often seen as particularly compat-
ible with organic farming, where there is a heavy emphasis
on holistic approaches to managing soils and crops and a
shared concern about the perceived negative effects of syn-
thetic fertilizers used in conventional agriculture (Ingram
2007). Recent research indicates that upwards of 50 percent
of organic farmers use some form of soil balancing (Brock
et al. 2019).

Soil balancing is usually represented as a distinctive
approach to managing soil fertility for crop production and
is often contrasted with two mainstream approaches used
by nearly all land grant university scientists and private
crop consultants to make fertilizer recommendations: Suf-
ficiency Level of Available Nutrients (SLAN) and Buildup
and Maintenance (B&M). SLAN refers to applying nutrients
when soil tests indicate deficiencies relative to crop require-
ments. Sufficiency is defined as the level beyond which it
is unlikely there will be a yield response. Under the B&M
approach, once a field contains sufficient nutrient levels,
farmers are recommended to apply nutrients equivalent to
levels removed by harvested crops (Chaganti and Culman
2017; Eckert and McLean 1981). In both cases, most atten-
tion and fertilizer amendments target three primary nutri-
ents: nitrogen (N), phosphorus (P), and potassium (K), while
also including secondary nutrients like magnesium (Mg) and
sulfur (S) in situations when soil tests indicate surpluses or
deficiencies (Espinoza et al. 2018). Calcium (Ca) is most
often added as agricultural lime (calcium carbonate) to raise
pH.

By comparison, soil balancing has often been described
as an approach to managing soil fertility based on maintain-
ing an ideal Base Cation Saturation Ratio (BCSR) for soil
Ca, Mg and K (Black 1993) and has been promoted by a
significant number of private sector soil balancing consult-
ants and organizations. In theory, soil balancing emphasizes
the important role played by Ca on both crop growth and soil
physical and chemical properties. Because soil particles have
a fixed capacity to hold cations (cation exchange capacity,
or CEC), practitioners recommend balancing the level of
calcium in conjunction with levels of two other base cations
(Mg and K) to achieve ratios that are believed to optimize
soil health and nutrient availability. Currently, most soil bal-
ancing consultants recommend using soil amendments (par-
ticularly gypsum and high-Ca forms of lime) to achieve soil
base cation saturation levels of roughly 60-75% Ca, 10-20%
Mg, 3-5% K, and 15% of other cations (Kinsey and Walters
2006; Zimmer and Zimmer-Durand 2017).

Many of the ideas around soil balancing are attributed
to William Albrecht, a soil scientist from the University of
Missouri in the mid-twentieth century who believed that a
heavy reliance on inorganic chemical fertilizers in modern
agriculture was depleting soils of adequate levels of nutri-
ents, particularly Ca. He argued that declines in soil Ca lev-
els were adversely affecting soil health, crop/forage quality,
and animal and human health (Albrecht 1975). Albrecht’s
work on soil balancing was dismissed by his colleagues
at the time (Astera 2014). Currently, soil balancing meth-
ods are being developed and disseminated by a small but
influential group of soil and crop consultants and soil test-
ing organizations that are loosely affiliated with a private
organization (ACRES, U.S.A) founded by Charles Walters
(Ingram 2007). These ideas are frequently referenced by key
consultants and organizations (such as Gary Zimmer with
Midwestern Bio-Ag, and Neal Kinsey of Kinsey’s Agricul-
tural Services) who regularly speak at agricultural meetings
and have independently published books on the subject that
will be further discussed in this paper.

Although the soil balancing approach has been promoted
and practiced for several decades, it has received relatively
little attention from the scientific community (Kopittke and
Menzies 2007). As we explore below, the definition of the
term “soil balancing” has been the subject of much nego-
tiation and discussion among farmers, consultants, and sci-
entists. It appears to have different meanings to different
actors, and its application by consultants and farmers can
be somewhat variable. For purposes of clarity, in this paper,
we use the term “soil balancing” to refer to an approach to
soil management that (at minimum) seeks to achieve recom-
mended levels of soil BCSR as one of the core goals.

This article is the first study of its kind to describe the
practice known as soil balancing using a CoP framework. We
use data from key informant interviews, literature reviews,
and surveys to explore the following research questions:

e What are the shared meanings or understandings of soil
balancing within the soil balancing CoP?

e What outcomes are used by the CoP to evaluate the per-
formance of soil balancing?

e What are the primary sources of information and the role
of science within the soil balancing CoP?

We focus mainly on the ways that private consultants,
farmers, and scientists have or have not developed a shared
repertoire or understanding of the key concepts, practices,
and outcomes associated with soil balancing. We also
explore an apparent gap between the observations and
reported experiences of soil balancing practitioners and
mainstream university soil scientists. In this way, we docu-
ment both the emergence of technical and empirical knowl-
edge around soil balancing, but also highlight the social
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learning processes that have created boundaries and mean-
ings that hinder the integration of multiple ways of knowing
in this sphere.

Methods

Data for this paper were drawn from 28 semi-structured
interviews with 33 private consultants and farmers con-
ducted between June 2017 and August 2018." The same
interview questionnaire was used for farmers and consult-
ants and the format of their interviews was identical (see
supplementary materials for the interview questionnaire).
Given that much of the meanings and understandings of soil
balancing have not been codified in an academic context,
semi-structured interviews with more open ended questions
are especially appropriate (Greenhalgh and Taylor 1997).
The interviews were located primarily in Ohio but included
several from Illinois (one farmer), Michigan (one consult-
ant), and Pennsylvania (one group interview with two con-
sultants and three farmers). The majority of the interviews
were conducted in person, typically at the farm or residence
of the interviewee. Seven of the interviews were conducted
over the phone. Interviewees were recruited because they
were identified as a soil balancing practitioner or consult-
ant by organic farming organizations, organic farmers, pri-
vate consultants, and/or university researchers working on
soil balancing research. Of the 33 participants, 11 worked
primarily as consultants,” and 23 were farmers who ran a
diverse mix of operations.® It should also be noted that 11
of the 33 participants were members of different types of
Plain Anabaptist communities (Old Order Amish, Mennon-
ite, or Apostolic).* Interviews lasted from 30 min to several
hours but averaged 1.5 h. Topics included respondent back-
ground and characteristics of their farm operation, details on
how they manage soil on their farm, and information about

! The researchers obtained permission from the Institutional Review
Board at The Ohio State University to conduct this research.

2 Five of the consultants were also active farmers. One person was
classified as a consultant because of their reputation and influence
with the farm community, although they did not do actual paid con-
sultancy work (hence 11 and 23 not adding up to 33). Of the consult-
ants who were also farmers, two were vegetable farmers, one was a
dairy farmer and three were crop farmers.

3 Farmers who were interviewed operated diverse types of farm
enterprises: vegetable/berries (9); cash grain (5); dairy (6); diversified
vegetable and livestock (2); retired dairy farmer (1).

4 Anabaptists are Christians who formed in the Protestant Reforma-
tion period based on their emphasis on adult baptism as a conscious
choice and ideas of separation of church and state. The word “Plain”
refers to groups who have made collective restrictions on certain
types of clothing and/or technology because of commonly held val-
ues.
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changes they had observed in their soils over the last 5 to
10 years. After capturing a respondent’s general approach to
soil management, we asked a detailed set of questions about
their familiarity with, and conception and use of so-called
“soil balancing” practices. If they reported the use of soil
balancing methods, they were invited to share their obser-
vations about the effects or impacts of soil balancing on
their soils, crops, weeds, and other outcomes. Interviewees
were asked to describe their understanding and use of soil
balancing and report on their observations about its effects
on farms.

Interviews were recorded with the permission of the
respondents. The digital recordings were transcribed and
reviewed for accuracy, then uploaded to NVivo 11 (Saldana
2016). We conducted a structured analysis of the interview
transcripts to capture farmers’ and consultants’ concep-
tions of soil balancing and to document specific practices
they used as part of their soil balancing approach. We also
identified the types of outcomes practitioners observed
from the use of soil balancing methods. The primary author
constructed a codebook that identified key themes in the
answers to these questions and defined decision-criteria
for coding farmers using these themes. The second author
reviewed the codebook against the transcripts, and areas
of disagreement or ambiguity were discussed. The code-
book was updated iteratively until consensus was reached
about the proper definition and application of key themes
(Creswell and Miller 2000).

Another key source of data came from a systematic
review of the key soil balancing trade publications, includ-
ing books and websites associated with some of the most
prominent regional and national advocates of the approach.
Most of the core texts on soil balancing, including collec-
tions of Albrecht’s original papers, are published by ACRES,
U.S.A., an organization that disseminates information about
production-scale organic, eco-agricultural, and sustainable
farming practices. The practitioner literature was used to
help us understand some of the material from the interviews,
particularly concerning certain technical aspects of soil bal-
ancing that would not naturally come up in an interview
setting.

We also report results from a targeted survey of 105 state
soil fertility specialists identified from land grant university
websites across the U.S. In the spring of 2017, these special-
ists were sent an emailed invitation to complete a Qualtrics
survey, with an email reminder one week later. This survey
was designed to identify examples of published and unpub-
lished research on soil balancing, as well as to better under-
stand the attitudes and perspectives of land grant university
soil scientists on the practice. Fifty-one people responded to
that survey (a 45.5% response rate), and 32 provided addi-
tional written comments. Only three of the respondents had
done research on soil balancing themselves, but most were
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familiar with the concept of soil balancing and had strong
impressions of the scientific literature on the topic. Because
few had direct experience with the practice, we did not con-
duct follow up interviews with scientists but rather relied on
a formal review of the published literature and their written
comments in the survey to capture the perspectives of the
scientific community. Comments were coded using Excel
to identify the most common topics and themes using the
structured qualitative analysis approach described above.

Results
Consultant understandings of soil balancing

We used a review of privately published books and articles
authored by soil balancing consultants and interviews with
11 soil balancing consultants to document their understand-
ing of and experience with soil balancing. These books and
some of the consultants who were interviewed are well-
known in the organic community, and the consultants are
often keynote speakers at organic and sustainable agriculture
conferences across the US.

Soil chemistry management

According to the consultant literature and our interviews,
a soil balancing approach usually begins by targeting a
specific range of BCSRs, using Albrecht’s recommended
levels as a rule of thumb. Calcium received the most atten-
tion and is viewed as having a vital role in promoting crop
growth, shaping soil physical properties, and facilitating the
availability and utilization of other soil macro- and micro-
nutrients. Albrecht argued that Ca deficiency, rather than
soil acidity, was the root cause of many soil and crop prob-
lems in the latter half of the twentieth century (Albrecht
2011). In their book, Kinsey and Walters note that farmers
“need to understand that a good pH does not guarantee a bal-
anced soil” (Kinsey and Walters 2000, p. 68). Brunetti and
McKibben discuss how Ca interacts with other nutrients to
influence their availability to plants (Brunetti 2014; McKib-
ben 2012). BCSR consultants and organizations frequently
recommend the use of specific forms of Ca amendments
(gypsum and “Hi-Cal” lime) which are believed to have
higher and more plant-available levels of Ca than traditional
agricultural lime. Many soil balancing organizations sell or
recommend specific branded Hi-Cal products.

In the books and our interviews, consultants often
stressed how the effectiveness of a BCSR approach can be
influenced by a soil’s cation exchange capacity (CEC). In the
words of one interviewee, ““You can think of your soil’s CEC
as its nutrient gas tank, it is the amount of fuel the soil could
hold often translated as yield potential.” Kinsey wrote that

the CEC “affects the soil’s capacity to hold nutrients such as
calcium, magnesium, and ammonia nitrogen” and determin-
ing the CEC is “the first thing we need to know” (Kinsey and
Walters 2006, pp. 33-50). For some consultants, farms with
low CEC soils may be poor candidates for a BCSR approach
because there are not enough cation exchange sites to hold
sufficient K and Mg if Ca levels are elevated.

Sulfur and boron were also frequently mentioned as vital
to the function and role of Ca within the soil balancing
approach. One consultant stated that when Ca is already at
target levels, “what I wanna do is apply sulfur and boron
to get that calcium working.” Midwestern BioAg’s website
uses the analogy that “calcium is a truck” and “boron is
the steering wheel” because it works hand-in-hand with Ca
to “build cell walls and get nutrients into the plant” (Zim-
mer and Zimmer-Durand 2017, p. 290). There appears to be
more emphasis on trace elements within the soil balancing
CoP compared to a conventional SLAN fertility manage-
ment approach. While SLAN does pay attention to the role
of micronutrients, they do not play as central of a role as
primary and secondary nutrients. Soil scientists do not see
trace element deficiencies as an issue in this region (Vitosh
et al. 1995).

A common view among soil balancing consultants is that
the availability and absorption of many individual nutrients
or minerals are influenced by the presence or absence of
other soil nutrients. These complex interconnections are
illustrated in the Mulder Mineral Wheel, a graphic that
originally appeared in Watts (1995) and is reproduced in
several contemporary books on soil balancing (Brunetti
2014, p. 64; Kinsey and Walters 2006, p. 192; Zimmer and
Zimmer-Durand 2017, p. 94). Kinsey Ag’s website explains
that adding a nutrient can alleviate a shortfall or excess of
another nutrient, and this “is the meaning of soil balance
using Albrecht Model.” One informant noted that ideal
BCSR ratios not only increased Ca absorption but also pro-
vided “better absorption of the entire trace mineral profile.”

Beyond chemistry: the three-legged stool

While BCSR chemistry is at the core of a soil balancing
approach, most consultants and farmers reported using
a wide range of other soil health management practices
under the umbrella of soil balancing. This was commonly
expressed as a “three-legged stool” which begins with BCSR
chemistry but also incorporates management of the biologi-
cal and physical structure of soils, recognizing that “each of
these is related and influences each other” and if you throw
one of the three “out of balance...it will affect the health of
the entire soil system” (Zimmer and Zimmer-Durand 2017,
p. 27). One consultant in our interviews emphasized that
growers need to be aware that “everything works together”
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so that if you “focus solely on one and forget the other two,
you won’t have success.”

For some contemporary soil balancing consultants, man-
aging biology is particularly important. In one interview, a
consultant stated that “biology trumps chemistry” and even
if you have a soil that is “perfectly balanced from an Albre-
cht perspective,” you can still have a “disastrous crop if you
do not have good biology to have good nutrient availability
in the soil profile.” Another consultant expressed the belief
that because of deteriorating soil biology due to conven-
tional farming practices, the Albrecht BCSR-only approach
may not be “as strong today as it was 40 years ago when it
was first developed.”

Most soil balancing consultants recommended using cul-
tural management practices in addition to Ca amendments.
The predominant view was that some periodic tillage is
necessary within a soil balancing approach to mix nutrients
throughout the soil profile and address stratification prob-
lems associated with no-till (Zimmer and Zimmer-Durand
2017). One consultant shared that when he was starting his
career as an agronomist, he was all about “getting away from
moldboard plowing.” But now “40 years later,” he thinks
periodic plowing and/or tillage can be a positive thing.
Another consultant explained that if you have tight soil, you
may need “to loosen it up” through some deep tillage by
using “steel and iron” to “rip it up” and “get the air down”
and “get the water draining, and get your minerals in there
and the biology working.”

Some cultural management practices are prescribed
explicitly because of their influence on soil biology. Exam-
ples are the use of crop rotations and cover crops. In the
words of one consultant, they are a way to “foster biology
not inhibit biology.” Zimmer and Zimmer-Durand (2017, p.
362) wrote that “both green manure crops and other types
of cover crops provide a lot of benefits to soil quality and to
soil life” since they facilitate building humus and “holding
nutrients that might otherwise leach away, such as nitrogen.”
Another consultant explained that “different crops are essen-
tial for feeding different types of soil biology.” The applica-
tion of manure and compost was also commonly cited as part
of a good soil balancing management program, particularly
in organic operations. Zimmer and Zimmer-Durand (2017,
p- 366) note that “without animal manures, it is more dif-
ficult and more expensive to provide the necessary nitrogen
for crops...(and) animal manures really do make biological
farming work better—as long as they are managed properly.”
Kinsey and Walters (2006) repeat the idea that manure appli-
cation is an important way to improve soil structure under a
balancing program.

A common theme in our interviews and review of con-
sultant publications was the view that conventional SLAN/
B&M approaches often fail to appreciate how soil chemical,
physical, and biological conditions mediate the availability
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of soil nutrients to the plant. This emphasis on availability is
linked to the idea of the three-legged stool. One consultant
felt that practicing soil balancing went beyond BCSR since
“the air and the biology makes a huge difference in the avail-
ability of these nutrients...” He emphasized the importance
of “soil tilth, biology, and fungals so that all these nutrients
are more available to plants.” Another noted that “availabil-
ity, storage, those things are really important, because if you
don’t have a real balance there, you may not get the value out
of adding minerals.”

The emphasis on availability was connected to views
about the importance of micronutrient deficiencies that
could prevent primary and secondary nutrients from get-
ting absorbed by the plant. One soil balancing book notes
that “what matters most is what gets into the plant not what
gets into the soil” (Zimmer and Zimmer-Durand 2017, p.
89). Similarly, McKibben (2012, p. 58) has written about
“restrictors that may be present, preventing nutrients from
going into solution and being available to the plants.”

Importance of context

Another important theme expressed by consultants was that
soil balancing practices need to be adapted to the unique
qualities of specific fields, farms, and farmers. In addition to
the importance of soil CEC mentioned above, one consultant
noted that “recommendations are going to vary, depending
on if it’s a high magnesium situation, a high calcium situ-
ation, et cetera.” It is also important to consider the farm’s
management history and soil biological state. One consultant
noted that farmers who have high organic matter could “start
paying a lot less attention to the ratios.” Farm type can also
influence soil balancing recommendations. Vegetable farm-
ers raise higher value crops and thus have a larger budget to
purchase amendments. One consultant stated that he gener-
ally runs an “Albrecht type soil analysis every year for his
vegetable and fruit growers.” In contrast, he runs these soil
analyses for broadacre crops every three years. This consult-
ant went on to say, “dairy farmers are the number one users
of our high calcium lime...[because] they sell their calcium
every day. It leaves in the truck.”

Comparison of BCSR and SLAN/B&M

While soil balancing consultants are frequently critical of
the traditional SLAN/B&M approaches, it would be mis-
leading to suggest that they view these approaches as mutu-
ally exclusive. Indeed, most soil balancing books regularly
incorporated information from standard soil science text-
books, and most consultants still pay close attention to levels
of pH and standard crop macronutrients (N, P, and K). Zim-
mer and Zimmer-Durand discussed the complementarities
of the standard approach and the soil balancing approach,
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writing that “most scientists agree that twenty plus nutrients
are needed for crop production; they also agree on certain
sufficiency levels of those nutrients.” Those levels of suf-
ficiency “will also give you ratios’ of those nutrients in the
soil. Thus, either approach is “very similar as long as you
also deal with excesses” (Zimmer and Zimmer-Durand 2017,
p- 120). One soil balancing consultant stated that “we did not
overlook the fundamentals of sufficiency or excess. Particu-
larly phosphorous and potassium. We need to have sufficient
levels in a soil.” Aside from BCSR chemistry, one consultant
talked in his interview about the importance of “NPK type
materials” as the fourth group of nutrients which he would
include in his soil balancing recommendations.

Farmer understandings and use of soil balancing

While the consultants painted a nuanced picture of the ideas
and practices associated with soil balancing, the under-
standings and implementations of soil balancing described
by farmers in our interviews were even more diverse.
Among the 23 working organic farmers we interviewed,’
most reported using a blend of approaches to soil fertility
management, and only a few described using a strict BCSR
approach that focused only on targeting specific Ca:Mg:K
ratios. While few of the farmers framed soil balancing solely
around a strict BCSR approach when pressed, 18 of the 24
farmers expressed general adherence to the idea that main-
taining appropriate cation levels (particularly for Ca and Mg)
were important to a “balanced soil.” Farmers were less likely
to mention numeric target ratios than consultants. Rather
than trying to achieve exact percentages, farmers were more
likely to seek a general target range of saturation values. As
one farmer stated, “you don’t have to thread the needle on
soil balancing, but you have to be...in those good ranges”.

When asked to define “soil balancing,” farmers typically
responded by listing the practices they use, particularly the
application of high-Ca soil amendments. In the interview
transcripts, farmers used words describing amendments
three times more frequently than words involving BCSR
concepts (like cations and saturation ratios). Farmers were
less likely than consultants to distinguish between forms of
Ca amendments (particularly Hi-Cal vs. agricultural lime).
Compared to consultants, farmers were less likely to talk
about the importance of CEC, but several pointed at soil type
as related to the effectiveness of soil balancing.

Soil balancing farmers frequently blurred the distinction
between SLAN/B&M and BCSR approaches to soil fertil-
ity and most described management strategies that com-
bined elements of each approach. For example, when asked

3 Although some of the consultants we interviewed were also active
farmers, they are not included here.

how they would define soil balancing, most farmers first
described it as a general approach to managing soil fertility
through the use of soil tests to achieve desired crop perfor-
mance results. As one farmer stated, soil balancing is like
“taking a test and...checking what’s low...and applying...
lime or phosphorus...”. Another farmer explicitly linked
soil balancing to SLAN/B&M approaches when he noted
that “the first thing I think of is what the state universities
put out for recommendations for NPK and micronutrients.”
He added that he also checks tests to get information about
“organic matter and cation exchange capacity—the CEC.”
A third farmer stated that when he thinks of soil balanc-
ing, he looks for a “benchmark...we want our phosphorous
levels here, we want our potassium levels there, and our
calcium levels and... we want our pH and our CEC and base
saturation.”

A few producers indicated that micronutrients (particu-
larly boron) were important to their practice of soil balanc-
ing, but others made it clear that macronutrients are the
priority. One farmer stated that “I’m a firm believer in trace
minerals and balancing our soils by base saturation lev-
els.” Another expressed his interest in micronutrients while
simultaneously having a greater emphasis on macronutrients
when he stated, “Most soil nutritionists will tell you that...
there’s no point in addressing them until you get everything
else in line."

In general, soil balancing farmers focused as much on
soil biology as chemistry. One discussed how “I had a lot
of agronomists look at my soil analysis and say, “Wow, you
know you’re doing good. That soil’s balanced.” But the
farmer noticed that the soil was “not producing anything."
He attributed this to a lack of healthy soil microbes. These
farmers also described using farm cultural management
practices, like crop rotations, cover crops, and the use of
manure or compost as part of a successful soil balancing
program perhaps even more than the consultants. One sug-
gested that “management is key; that’s what defines a farmer.
It’s one who knows how to manage that soil, not one that
knows all about the amendments and stuff.” Another drew
on advice from “old timers” like his grandfather who taught
him the saying, “lime, manure, and clover, make the farm
rich all over.” Another farmer likened the amendments he
uses to “Band-Aids” and pointed to cover cropping as “more
of a long-term cure.”

Soil balancing outcomes

In our interviews, nearly all farmers and consultants reported
observing changes in soil chemistry, physics, and biology
that they associated at least to some degree with their use of
soil balancing practices. Improvements in soil physical prop-
erties were among the most common outcomes mentioned
(discussed in 17 of the interviews). Many used adjectives
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describing positive physical changes in the soil that occurred
after applying soil balancing amendments. Three farmers
talked about their soil being “mellow” to indicate a positive
state of soil tilth. Two farmers used the word “flocculated”
to indicate a state of balance. One stated their goal to “move
that calcium into those high 60 s first, flocculate that soil to
where you can get some leachability with it.” Another farmer
stated that the sulfur in gypsum helped to “loosen” soil. One
consultant discussed how soil balancing improves resilience,
saying the soil is “basically softer, and it holds up better to
adverse conditions.”

Conversely, an unbalanced soil was described with nega-
tive physical qualities. At least thirteen of the interviews
contained a description of “unbalanced” soils using adjec-
tives including “tight,” “tied up,” and/or “locked up.” For
example, one stated that if the Ca:Mg ratio is off, then soil
“is real tight and can’t absorb the air and water.” Another
related that when the ratio of Ca and Mg is correct, there is
“less compaction or locking [soil] up.” A third stated if you
have your soil balanced, “the various nutrients then can be
released, and they’re not tied up in the soil.”

These positive physical properties were often connected
with reduced weed pressure. About half of the interviews
mentioned reductions in weed populations from soil balanc-
ing, and most of these specifically discussed how grasses
such as foxtail were less common. The connection between
weeds and soil balancing was generally associated with
reduced compaction, which provided a less desirable envi-
ronment for weeds. One farmer claimed to have significantly
reduced a quackgrass problem by correcting the “high mag-
nesium levels, tighter soils” and using “a lot of cover crops
over the years.”

A few interviewees reported improvements in plant health
and reduced insect pest pressure linked to soil balancing
practices. For these individuals, these outcomes were con-
nected to perceived improvements in soil physical and bio-
logical properties. One consultant observed that improved
soil health could benefit plant health in that we have “less
bug pressure than we did the first year that we were farm-
ing.” He also felt that improvements in “the soil structure,
the soil microbes” had led to better plant health and pro-
vided “immunity towards pests and diseases.” One farmer
echoed this same idea by saying, “you get the soil balancing
right; you get the biology right,” and then “you can have less
weeds, less insects, less disease.”

Consultants often focused on how soil balancing can
improve crop quality. Echoing Albrecht’s original work,
modern soil balancing consultants have argued that although
crop yields have risen over the years, crop quality has gone
down (Zimmer and Zimmer-Durand 2017). In his book,
McKibben documents a drop in Ca levels from 1963 to
1999 in major food crops (McKibben 2012). In our inter-
views, one consultant stated that his focus “is not necessarily
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yield... (rather it) is the quality of the crop, and so as we
achieve that the yield takes care of itself.”

Farmers and consultants struggled in the interviews to
identify the single most important benefit associated with
soil balancing. Responses were wide-ranging: soil structure,
plant health, crop quality, yield, and profitability. Outcomes
associated with soil balancing practices were often described
by farmers and consultants as a set of interlocking and
related effects, and they argued that discussing one outcome
in isolation ignores the complex and integrated dynamics
of their farming systems. When asked to list some of the
“benefits of soil balancing,” eight respondents focused on
the importance of system integration, because the benefits
were clearly intertwined and related to other management
practices. For example, one consultant stated that with soil
balancing, he got “better aeration” and he saw “less weed
control problems, especially in the grasses when we get a
better soil balance.” Another talked about how improvement
in “the soil structure” and “the soil microbes” was connected
to providing immunity toward pests and diseases.

The role of science in the soil balancing CoP
Scientists’ understandings of soil balancing

Compared to most other soil science topics, there is a rela-
tively small body of scientific literature examining soil bal-
ancing, and the handful of published peer-reviewed stud-
ies have been unable to reproduce the benefits reported by
farmers and soil balancing consultants. There are two major
reviews of the scientific literature on BCSR. Kopittke and
Menzies (2007) summarize early BCSR theories based on
research by Bear and Albrecht from early to mid-twentieth
century that supported the idea that achieving an ideal cation
balance would boost crop yields. They criticize the meth-
odologies used in that early work for confounding pH and
Ca:Mg ratio effects and present more recent published work
(mainly from the 1970s to 1990s) that failed to reproduce
any significant impacts on yield, soil physical properties,
or soil biology from adjusting Ca:Mg ratios. A more recent
review identified 15 peer-reviewed studies that explicitly
tested the effects of Ca:Mg ratios on agronomic outcomes
(Chaganti and Culman 2017). These papers were published
from 1930 to 2008, with only three papers published since
1985. All of these papers focused on yield impacts, and none
found significant differences in crop yield. They were all
based on controlled experimental trials in the greenhouse
(n=38) and experiment station field plots (n="7). None of the
past experiments were conducted in the context of a working
farm. Importantly, the scientific community and research
literature have approached the study of soil balancing with
a nearly singular focus on evaluating whether achieving
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“ideal” base cation saturation ratios of Ca, Mg, and K is
associated with statistically different agronomic outcomes.

To identify any additional studies and to capture sci-
entists’ perspectives on soil balancing, we conducted a
Qualtrics online survey of 101 state soil fertility specialists
from land grant universities across the USA. The results
documented a high level of scientific community skepticism
about soil balancing which reflects the consensus of the peer
reviewed literature. Nearly 80% of respondents agreed with
the statement that “there is no scientific merit to (the soil
balancing) approach, and this has been shown repeatedly.”
Only a minority (22%) thought it was possible that farmers
would see benefits from BCSR.

This sentiment was further elaborated in their written
comments. Typical comments included phrases like, “This
has been going on for more than 50 years, and yet no cred-
ible research has been able to document anything,” “The
question of yield response has been thoroughly researched
and Ca:Mg ratio management found to be irrelevant over
a wide range,” “I think there is enough published research
already on this topic...we should not waste anymore money
refuting one paper published in the early 1940s....” Like the
peer reviewed literature, most of the soil fertility specialists
focused on BSCR as the core idea, and yield as the best
indicator of whether soil balancing works.

Not surprisingly, many scientists shared concerns that soil
balancing programs are a waste of money. One stated that
soil balancing “is the province of charlatans who wish to
sell unneeded soil amendments.” Another wrote that “more
often than not I see private soil testing labs pushing the
BCSR concept as a way to sell fertilizer products that are
not needed to optimize crop yield.” Another expressed that
soil balancing “has become accepted fact for many farm-
ers because consultants sell it that way.” This is echoed in
Kopittke and Menzies’ (2007, p. 259) literature review that
concluded, “the continued promotion of the BCSR will
result in the inefficient use of resources in agriculture and
horticulture.”

A little over a third of scientists (36%) felt there should
be more scientific research on this topic, but their written
comments illustrated that most of them wanted research to
solidify the case that soil balancing does not work. As one
wrote, “I think research is needed so once and for all the
concept of balance is abandoned by companies and dealers
wanting to use it.” At the same time, many scientists were
skeptical that scientific research would change the minds of
soil balancing farmers and consultants. One noted that “you
cannot refute religion with science” and another referenced
soil balancing as “popular modern soil alchemy.”

While the peer reviewed literature did not seem to
acknowledge the importance of contextual factors, a few sur-
vey respondents noted that there might be potential for soil
balancing methods to work in certain restricted situations.

Some felt that improved soil structure outcomes are theo-
retically possible as base cations “facilitate soil binding and
promote soil aggregation.” One wrote that “soil physical
dispersion properties are sensitive in some 2:1 clay soils.”
Another felt that BCSR could be used to “help fine-tune soil-
test K or Mg calibrations with yield response” particularly
on “VERY CONTRASTING soils (mainly texture and clay
type). Two soil fertility specialists saw the potential for using
BCSR to improve forage quality for livestock nutrition. One
wrote that “livestock nutrition and the BCSR is the area I
receive the most questions that I cannot fully answer.”

Soil balancer ways of knowing and views on science

Based on our interviews and reviews of their privately pub-
lished books, soil balancing consultants acquire most of
their knowledge of soil balancing through observations of
outcomes on their clients’ farms, as well as the use of simple
field trials where interventions are compared to a control
strip or field. While the majority of consultants in our study
had university training in soil science and/or agronomy, the
organizations they work for and soil testing labs they often
affiliate with are not typically supported by land grant uni-
versity scientists. In our interviews, consultants rarely refer-
enced peer reviewed research and appear to rely mainly on
their own experiences, with clients as well as information
exchanged among soil balancing consultants and associated
organizations to inform their work. One consultant stated
that “the peer-reviewed published literature has been of very
limited usefulness.” Several consultants and a few farmers
expressed a perception that most scientific experiments were
too focused on yield and overlooked other important out-
comes (like soil tilth and crop quality). They also believed
that most of the scientific work on soil balancing was too
short in duration and needed to be three years or longer to
detect benefits.

Some consultants see their work as a direct response to
bias or gaps in conventional science. Walters and Fenzau
(2003, p. xiii) have argued that soil balancing involves the
use of “scientific farming principles that USDA, exten-
sion, and land grant colleges have refused to teach,” while
Wheeler and Ward (1998, p. 214) believe that scientists
“blindly followed reductionist science procedures without
observing the whole picture or relating to the reality of
nature.” Another talked about how he “got laughed at for
talking about it” at a conference. He thinks that the academic
community feels that soil balancing is “fringe agriculture”
and to them, we “are a bunch of kooks.” These sentiments
echo those reported by Ingram (2007), who noted that alter-
native agriculturalists “more frequently reflect the opinion
that conventional science is a lost cause” (p. 306).

When asked whether more scientific research was needed
to improve soil balancing approaches, most soil balancer
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interviewees were either uninterested (“I don’t need to wait
for science to acknowledge it”) or had doubts that traditional
scientific methods could capture the complex dynamics of
working farming systems. One noted that scientific experi-
ments focus “almost exclusively on single factor analysis.
And there is no such thing as single factor analysis in agri-
culture,” so we need “multi-factor analyses” to address the
“root cause of problems.” Another said that “reductionist
thinking (attempts) to break whole things down into com-
ponent parts and rarely comes up with an impressive result
in...putting it all back together.” A few interviewees did
share a desire to see scientists do more on-farm research,
but more as a way for scientists to “go out and follow the
progressive farmers, and document what they’ve done” than
to test whether it works.

Valued sources of information within soil balancing CoP

When asked where they get information to guide their soil
balancing decisions, farmers did not mention the use of
information from scientific studies or university research and
extension systems, while 17 of 24 farmers mentioned using
soil balancing consultants. Three deferred entirely to their
consultants and referred us to their consultants to answer
our questions about what was being done on their fields.
Seven of the farmers who used soil balancing consultants
mentioned using more than one consultant. Soil testing labs
(particularly Brookside Labs in New Bremen, OH, which is
popular among soil balancing consultants) and agricultural
input suppliers were each mentioned as important sources of
information in eight of the farmer interviews. Four farmers
mentioned reading and using material from the original soil
balancing books written by people like Albrecht.
Importantly, most farmers described how they rely prin-
cipally on their own as well as other farmers’ experiences
and observations about whether or not a given soil manage-
ment practice seems to be working. Five farmers explicitly
referred to the role of intuition or observation in working to
balance their soils, with one noting that “I do soil tests about
every three years, but I do more balancing with visual...”
Yet another stated he relies on “trial and error out on the
farm to see what works....” A third emphasized the impor-
tance of “personal conversations with other producers.”
Farmers’ varied and complex understandings of soil bal-
ancing likely reflect their use of diverse information sources
to guide their soil management decisions. In our interviews,
it was clear that most farmers were not necessarily married
to any particular approach or consultant, and merged advice
from different sources with wisdom gleaned from their own
accumulated experiences. The use of multiple sources of
information on soil balancing shows that farmers are seeking
and comparing diverse opinions about best soil management
strategies. One farmer described this process as using half
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of one person’s advice and half of another and ending up
“somewhere in between.”

Discussion

For decades, soil balancing has been recommended by many
crop consultants and advisors and practiced by a significant
number of farmers, particularly in the organic sector (Brock
et al. 2019). Our study found that the soil balancing CoP
in the eastern US is organized around a network of private
consultants and farmers who have collectively shaped the
meaning and goals for soil balancing, as well as refining
technical farming approaches to implement these ideas.
In the context of soil balancing, private sector consultants
play a central role in the soil balancing CoP and regularly
engage in dialogue and partnerships with farmers to use soil
balancing principles to address common farming systems
challenges. Our findings underscore the importance of crop
consultants and advisers in the development and dissemina-
tion of agricultural knowledge (Eanes et al. 2017; Hejnowicz
et al. 2016; Prokopy et al. 2015; Wolf 1995). Consultants
have not been a major focus of past studies of knowledge co-
production, which have instead emphasized the integration
of scientific and tacit local ways of knowing in alternative
agriculture (Hassanein and Kloppenberg 1995; Ingram 2008;
Morgan and Murdoch 2000).

When viewed through the lens of the Community of Prac-
tice framework, it is clear that consultants and farmers have
used patterns of mutual engagement based on experiential
and observational knowledge to construct a shared repertoire
that defines the meanings, boundaries, and goals for soil bal-
ancing. By contrast, mainstream agricultural scientists uti-
lize ways of knowing and an understanding of soil balancing
that deviate significantly from those expressed by farmers
and consultants in our study. A summary of soil balancing
knowledge and understandings for each of these three sets
of actors are highlighted in Table 1 below.

Initially, the definition of soil balancing used by most
members of the soil balancing CoP appears to be more com-
plex than has been represented in the published scientific
literature. Soil balancing consultants emphasized how Ca
interacts with other nutrients and reported that when ideal
BCSR levels are achieved in soils on their clients’ farms, the
availability and resulting plant uptake of other nutrients can
improve. While consultants mentioned BCSR as a key com-
ponent of their idea of soil balancing, nearly all articulated a
much broader approach that involved managing soil amend-
ments and cultural practices to impact the chemistry, biol-
ogy, and physical properties of soils as part of a holistic soil
health management system. Farmers who we interviewed
had a more practical working definition of soil balancing
that focused on the use of Ca amendments but also included
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“balancing” a wide range of nutrients to address specific
crop needs in their fields over time. Both consultants and
farmers in the soil balancing CoP emphasized that reliance
only on BCSR management would be unlikely to generate
productive results. In contrast, results from our survey of soil
scientists and a review of the published scientific literature
demonstrated that scientists have utilized a narrower defini-
tion of soil balancing that focuses exclusively on manipulat-
ing BCSR soil levels (Chaganti and Culman 2017).

Interestingly, while scientists have often viewed soil
balancing as a competitor to traditional SLAN and B&M
approaches to soil fertility management (Chaganti and Cul-
man 2017), our study found that most consultants and farm-
ers in the soil balancing CoP did not see these as mutually
exclusive (Table 1). Soil balancing recommendations did
encourage farmers to apply Ca amendments at levels that
can be higher than SLAN recommendations (which are typi-
cally aimed at meeting crop Ca needs and adjusting pH).
However, consultants and farmers in the soil balancing CoP
also mentioned using SLAN/B&M concepts to address other
crop nutrient requirements (particularly N, P, and K) and
were generally supportive of using lime to maintain optimal
pH levels for crop growth. Farmers seem to be operating
at the boundaries of soil balancing and SLAN (Oreszcyn
et al. 2010) such that they often failed to even distinguish
between the two.

More broadly, consultants and farmers active in the soil
balancing CoP operationalized soil balancing through the
use of a wide range of soil amendments (e.g., manure/com-
posts, NPK, and micronutrients) and cultural management
practices (cover crops, crop rotations, and tillage) to achieve
broad improvements in soil health. The majority of con-
sultants emphasized the need to manage micronutrients and
other chemical components in the soil in addition to base
cations. They also stressed the importance of managing the
physical and biological properties of soils as a core compo-
nent of an effective soil balancing program. In our study, we
found no consultant who implemented a simple BCSR man-
agement system in isolation from the use of other soil health
management practices. The technical approaches to soil bal-
ancing by farmers in the soil balancing CoP relied even more
heavily on practices designed to broadly improve soil health.
Meanwhile, scientists who have studied and discussed soil
balancing have largely seen BCSR as different and discon-
nected from the growing field of soil health research.

Leaders in the soil balancing CoP articulated the view
that the goal of soil balancing is to create a soil environ-
ment that requires fewer external inputs, is resilient to pest
pressure and climate extremes, and can produce high qual-
ity crops. In the interviews and consultant publications we
reviewed, consultants and farmers rarely emphasized yield
as a primary metric for assessing progress towards a bal-
anced soil. Rather, they emphasized soil physical properties,
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soil biological activity, and crop quality as the best indica-
tors (though they did imply that once these attributes were
achieved, improved and more stable yields should follow).
In contrast, the peer-reviewed soil science literature has
focused predominantly on evaluating the effects of Ca:Mg
manipulations on yield (Chaganti and Culman 2017).

The members of the soil balancing CoP utilized a range of
sources of information and ways of knowing to understand
and improve the performance of soil balancing practices.
Consultants relied heavily on their multiple years of experi-
ence working with numerous farmer clients to inform their
knowledge of soil balancing. In interviews, they stressed
the importance of long-term observations, a focus on the
whole farm system, and accounting for the unique features
of every individual farms’ biophysical context when mak-
ing soil balancing recommendations. As observed in other
studies, farmers relied heavily on personal experience, other
farmers, and private consultants to guide their soil manage-
ment decisions (Delate et al. 2017; Delate and DeWitt 2004,
Gloy et al. 2000; Hassanein and Kloppenberg 1995; Ingram
2007; Kroma 2006; Laforge and McLachlan 2018; Morgan
and Murdoch 2000). Farmers typically deferred to consult-
ants to explain the basic principles and theory behind soil
balancing.

Both consultants and farmers were reluctant to suggest
that soil balancing methods can be easily generalized with-
out careful adaptation to individual contexts. In this way,
while they have a “shared repertoire” that defines the broad
boundaries and goals for the approach, they also appear
comfortable with the idea there are diverse ways that soil
balancing practices should be implemented, depending on
local conditions. The importance of site specificity for mem-
bers of the soil balancing CoP is similar to what (Ingram
et al. 2014) found in the context of permaculture. It also
represents an approach that relies much more on local and
tacit knowledge to develop an understanding of the impacts
of management practices on soil processes in a working farm
context.

By contrast, scientists who have done research on soil
balancing have relied on standard scientific epistemologies
and methods to conduct controlled experiments with the goal
of generating generalizable knowledge that can be replica-
ble across time and space (Clark and Murdoch 1997; Pick-
stone 2001). By manipulating treatments and narrowing the
focus to only one or two factors, randomized experimental
designs can help isolate the distinctive effects of a single fac-
tor (e.g., Ca:Mg saturation levels) from the influence of other
potentially confounding factors. The preference of scientists
to employ a narrow definition of soil balancing is closely
related to their desire to isolate the specific role of Ca:Mg
ratios in their experimental designs.

Overall soil balancing consultants in our study were quite
positive about the practice of soil balancing and regularly
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promote it to farmers and others. Farmers generally had a
positive view of soil balancing but expressed more concerns
about the costs of soil balancing amendments and whether
the costs were always worth the benefits. Most farmers saw
soil balancing as only one of several combined strategies
that they could use to improve their soil. At the other end
of the spectrum, scientists were extremely skeptical of the
benefits of soil balancing, basing their assessment on the
peer-reviewed literature.

Consultants, farmers, and scientists expressed different
ideas about the form and role of scientific research in the
soil balancing practice. Typically, consultants and farmers
would like scientific research to verify why soil balancing
works (not if it works), a finding consistent with previous
research (Krzywoszynska 2019). Attention from scientists
is thus valued principally as a source of epistemic authority
that can benefit consultants (Herbst 2003). Meanwhile, many
of the scientists in our survey expressed the view that soil
balancing has already been proven not to work, and those
supporting more science were simply looking for more evi-
dence to finally convince practitioners about the ineffective-
ness of BCSR.

Taken as a whole, the soil balancing CoP appears to be a
good exemplar of a NAKS in which farmers and consultants
regularly interact to advance their knowledge with relatively
little interaction with scientists in the DAKS. While a few
agronomists and soil scientists have conducted studies of
soil balancing, they have been unable to reproduce evidence
that manipulating Ca:Mg levels in soil can have a system-
atic impact on crop outcomes. While relatively few currently
active soil scientists have conducted their own research on
the topic, they appear to share an understanding that the
question of whether or not it works has been answered. As
a result, scientists have been relatively invisible and unim-
portant in shaping discourse and practice in the soil balanc-
ing CoP. These dynamics reflect similar tensions between
the DAKS and NAKS around topics like permaculture and
biodynamics (Ingram and Morris 2007; Ingram 2018). As
Ingram has noted (2018, p. 130), NAKS display a “tendency
to circulate internally with boundaries maintained by these
shared internal understandings, a common epistemological
language, and invested knowledge.” Internal knowledge can
be “hard to standardize and codify” and therefore creates
challenges for communicating with communities outside the
NAKS, leading to divergent paths for the development and
growth of knowledge (ibid).

Conclusions and recommendations

Alternative agricultural practices and systems have long
had a fraught and complicated relationship to science,
and this tension is certainly visible with soil balancing. A

Communities of Practice (CoP) (Wenger 2000) framework
can help explain how knowledge, meanings, shared values,
and goals are negotiated and co-produced within a bounded
learning community (Krzywoszynska 2019). While poorly
integrated with the mainstream agricultural scientific com-
munity, the tensions between different agricultural knowl-
edge systems have the potential to be leveraged as a source
of innovation and learning (Eshuis and Stuiver 2005; Sch-
neider et al. 2010; Vanclay 2004).

Our research team (and many of the farmers and consult-
ants involved in our study) see opportunities to build better
linkages between the soil balancing CoP and the scientific
community. One opportunity is to take steps to apply greater
scientific observation and methods to explore the practices
actually used by soil balancing consultants and farmers. The
complex character of soil balancing practices among farm-
ers and consultants suggests an opportunity to design and
implement new scientific research on the interactions among
BCSR amendments, broader soil management practices, and
local contextual conditions. Studies that explore a range of
intermediate outcomes (e.g., soil chemistry, soil physics, soil
biology, and crop health/quality) associated with manipula-
tions of base cations in the presence and absence of other
soil health-building practices could provide insights into the
complex dynamics of soil balancing systems (in particular)
and soil quality (in general).

More broadly, scientists could better integrate farmer and
consultant observations and experiences about qualitative
changes in soil into their work (Eshuis and Stuiver 2005;
Lobry de Bruyn and Andrews 2016). To open the dialogue,
scientists could more explicitly recognize the limitations and
biases inherent in traditional experimental designs and sig-
nal respect for and trust in the observations and tacit knowl-
edge of practitioners (Noe et al. 2015). Likewise, private
consultants and farmers would need to be open to collabora-
tions with scientists to further refine their understanding of
local processes and outcomes, and to improve their recom-
mendations and practices. This type of research program
could benefit from using more innovative and participatory
approaches to research and engagement that capitalize on
both the power of rigorous scientific research design and
instrumentation and the in-depth knowledge and observa-
tional skills of practicing farmers and consultants (Delate
et al. 2017; Leeuwis and Van den Ban 2004).

There is perhaps a good role model in the rapidly grow-
ing and productive CoP surrounding the concept of soil
health (Bhardwaj et al. 2011; Larkin 2015; Lehman et al.
2015; Reeve et al. 2016). While some of the best exam-
ples of this work are taking place in developing country
contexts (Barrios et al. 2006; Mairura et al. 2007; Richelle
et al. 2018), their use of interdisciplinary collaborations
among scientists working on different aspects of com-
plex farming systems, and between scientists and farmers
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seem like a productive approach to improve our under-
standing of the dynamics that hinder or promote long-term
improvement in soil health (Doran 2002; Krzywoszynska
2019; Lobry de Bruyn and Andrews 2016). Because many
of the concepts and practices within the soil balancing CoP
focus on soil health, there are likely many areas of possible
overlap and potential synergy.

Finally, it is also important to recognize that the DAKS
and NAKS are often diverse, fluid, and diffuse (Morgan
2011). This quality has led some scholars to denote them
as networks of practice or constellations of practice—
rather than CoPs (Brown and Duguid 2001; Oreszczyn
et al. 2010). The diffuse nature of CoPs provides oppor-
tunities for growth and innovation and opens spaces for
potential collaboration with other CoPs (Ingram 2018).
Since we interviewed farmers and consultants individually
and captured individual scientists’ quotes, we were able
to capture some of this heterogeneity. Farmers, consult-
ants, and scientists who were more open to each other’s
approaches and different possibilities could be identified
and mutual collaboration could be forged.
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