Introduction

Conserving environmental resources while increasing agricultural production for a
continually growing global population is a multifaceted challenge (German et al., 2017;
Tscharntke et al., 2012). Agriculture constitutes one of the largest drivers of global
environmental change but is imperative to future global food security (Rockstrom et al., 2017).
However, the agricultural sector faces the greatest ramifications from the environmental changes
it creates (Rockstrom et al., 2017; Walthall et al., 2012) with “food security require[ing] as much
attention to increasing environmental sustainability as to raising productivity” (Garnett et al.,
2013, p. 33). Agriculture benefits from multiple facets of environmental sustainability including
soil health, water quality and supply, and climate resistance (Brodt et al., 2011). Likewise,
sustainable agriculture benefits numerous ecosystems, such as wildlife-friendly farming that
promotes biodiversity (Pywell et al., 2012) and prescribed livestock grazing to prevent wildfires
(Lovreglio et al., 2014). Achieving mutual benefits between fields requires communication and
cooperation between environmentalists and agriculturalists (Banks, 2004). Thus, management
and communication strategies that promote sufficient food production while maintaining
productive, environmentally healthy land are needed (De Fraiture & Wichelns, 2010).

Unfortunately, individuals, commodity groups, lobbyists, and other diverse stakeholders
who are supportive of agriculture are often at odds with similar individuals who strive for
environmental protection (Banks, 2004; Sanford, 2006; Scasta et al., 2018). The polarization
between environmentalists and agriculturalists is surface-level and ignores the similarities
between the groups that integrate food production and conservation (Banks, 2004). Scasta et al.
(2018) found proactive communication for agricultural and environmental stakeholders may
increase awareness of common values between the groups and ultimately benefit future issues.
Similarly, Horton et al. (2017) explored the conservation identity of agriculturalists and found
respondents who identified as conservationists discussed the “inextricable link” between
conservation and production, providing an insight into the future of sustainable agriculture (p.
609). Moreover, Chappell and LaValle (2011) found biodiversity loss and food insecurity need
to be addressed together, possibly with alternative sustainable agricultural practices emphasized.
Therefore, integrated sustainable agriculture and environmental protection efforts benefit both
the farmer and the environment suggesting holistic approaches are needed (Banks, 2004). If
research and associated science communication about agriculture and the environment was a
product of their common values and holistic approaches, it would better address the future of
environmental sustainability and food insecurity.

Historically, one goal of land-grant universities (LGUs) was to teach science- and
evidence-based agriculture to ordinary citizens in the United States (U.S.; Parr et al., 2007). A
shift towards sustainability in the late 1990s emphasized the importance of human health and the
environment, integrating sustainable agriculture into LGUs (Parr et al., 2007). Today, many
LGUs have expanded the traditional college of agriculture name to label them as colleges of
agricultural and environmental sciences, natural resources, or life sciences that provide teaching,
research, and extension across both disciplines (Croft, 2019; National Research Council, 1995).
The research conducted by LGUs is communicated back to the public through Extension
professionals and agricultural communicators. Extension outreach encompasses not only
communicating the latest research to farmers, but seeks to better the lives of community
members by educating the public about sustainability practices in daily lives (Croft, 2019).
Research conducted by colleges of agricultural and environmental sciences is responsible for



data-driven advancements in the agricultural industry that also protect natural resources and
human health (Fitzgerald et al., 2016). For example, Gold et al. (2013) evaluated the degradation
of agricultural watersheds that endangers global food security and determined strategic,
interdisciplinary research produced by LGUs is imperative to the future of agricultural
sustainability. Ejeta (2009) asserted modern complex challenges facing agriculture, such as
climate change and the global energy supply, can be addressed using the LGU research,
teaching, and extension model.

LGUs are tasked with sharing their research to members of the public and engaging with
members of their community through evidence-based education and science communication
(Fitzgerald et al., 2016). Centers for interdisciplinary research exist at LGUs to solve agricultural
challenges that require collaborative efforts from multifaceted teams (McLeod-Morin et al.,
2020). Directors at those centers believe scientists are “the best communicators of science” and
prioritize public interest as a goal of science communication (McLeod-Morin et al., 2020, p. 10).
However, to address the future of environmental sustainability and food insecurity, the
knowledge produced must be a holistic product of both agriculture and environmental science
(De Leon et al., 2016; Scown et al., 2019). A limited number of studies have determined the
collaborative efforts between agriculture and environmental science research programs to
determine if institutional change within the LGU system is needed to increase the collaborations
required to communicate agricultural and environmental findings.

Literature Review

Historically, there has been little collaboration and communication between agricultural
and environmental research in the U.S., although researchers recognized the benefits of
integrating the two fields as early as the mid-19th century (Banks, 2004). Environmentalists
often viewed the term agriculture with images of pesticides, destroyed landscapes, and other
activities that threaten the natural world. Agriculturalists, on the other hand, believed
environmentalists had unrealistic expectations of environmental protection that forgoes
economics and human livelihoods (Banks, 2004). The disconnect was further exacerbated as few
researchers in the 20th century “explicitly focused on the incorporation of non-farmland
resources into croplands” (Banks, 2004, p. 537), straying from a holistic perspective. In addition,
government agencies in the U.S. treated conservation as a means for agriculture, such as
minimizing farmland erosion, rather than a way to preserve biodiversity. Similarly,
environmentalists have ignored the importance of agricultural landscapes in their research
endeavors and policy formation activities (Banks, 2004). The historical disconnect between
agriculture and the environment in the U.S. is largely problematic as increased agricultural
intensification without regard for natural ecosystems will limit both agricultural systems and the
environment moving forward (Butler et al., 2007).

Fortunately, there was a strong shift at the start of the 21st century towards creative and
innovative approaches for integrated agricultural and environmental partnerships,
communication, and research (Banks, 2004). For example, Isaacs et al. (2009) investigated the
impact of integrating native plants on agricultural landscapes in order to increase survival and
reproduction of beneficial arthropods, which benefits agriculture via crop pollination and pest
control and benefits the environment via habitat creation and increased native biodiversity. In
order to promote successful reintegration of native plants that benefits both the farmer and
environment, multidisciplinary teams of researchers, educators, and native plant experts must



work together (Isaacs et al., 2009). Prokopy et al. (2015) evaluated the role of Extension
educators for disseminating information to farmers about climate change as well as the need to
balance crop production and environmental protection and found farmers trust Extension agents,
who therefore should continue to share information with farmers about climate change.
However, better training for Extension agents about the nexus between climate change and
agriculture is needed, specifically with help from university researchers (Prokopy et al., 2015).
Telg et al. (2018) studied the barriers Extension agents who work with cattle producers face in
communicating climate change. The study found Extension agents were hesitant to discuss
politically divisive issues like climate change unless they had established relationships with
producers and recommended training in communication practices. Continuing to foster research
partnerships between agriculturalists and environmentalists through Extension education and
science communication may play a vital role in the future of food security.

While there has been remarkable progress in integrating agricultural and environmental
partnerships in research, the simplistic stereotypes still remain and additional communication and
cooperation between the fields is needed (Banks, 2004; Scasta et al., 2018). Strategic
communication may assist agriculturalists and environmentalists reach mutual goals through
deliberate and purposeful communication (Holtzhausen, 2014). For example, communication
about the nexus between agriculturalists and environmentalists needs to capitalize on
commonalities between the two groups (Cox Callister, 2013). According to Scasta et al. (2018),

Informed communication strategies can play a role in bridging the divide between
agriculture and environmentalism/conservation [...] by facilitating the finding of common
ground to guide co-management which has been suggested to be the future of natural
resource [...] conservation and sustainable agriculture. (p. 762)

LGUs have the opportunity to facilitate strategic communication to a diverse set of stakeholders
about interdisciplinary and multi-scale approaches for agricultural and environmental
management that emphasizes their commonalities, ultimately benefiting the future of global food
security. Given such, the research conducted by LGUs must be an interdisciplinary product of
both agriculture and environmental science.

Purpose and Research Objective

The purpose of this study was to determine if research within a college of agricultural and
environmental sciences at an LGU takes an interdisciplinary approach in addressing both
agricultural and environmental issues. The following research objective was used to achieve this
purpose: Determine where environmentally focused and agriculturally focused research
publications overlap within a college of agricultural and environmental sciences at a LGU.

Materials and Methods

This research was part of a larger study to provide data for informing science
communication of a LGU by determining the interdisciplinary research publications of the
University of Georgia’s College of Agricultural and Environmental Sciences. The data were
initially analyzed using a thematic analysis by a lead coder. Subsequently, categories of overlap



between agricultural and environmental themes were sorted using a meta-synthesis approach by
a secondary coder.

Data selection

The data analyzed for this study were acquired from the University of Georgia’s
Elements (Symplectic, London, United Kingdom) database, a web-based system where the
university’s research is collected. Faculty members, postdoctoral researchers, and graduate
students are required to verify their automatically captured publications in the University of
Georgia Elements system. Examples of publications included peer-reviewed publications,
farming or gardening guides, and books authored or coauthored by the college. In order to
determine the nature of the research reported, publication titles from 2016, 2017, and 2018
assigned to faculty, postdoctoral researchers, and graduate students in the College of Agricultural
and Environmental Science at the University of Georgia were collected.

Data analysis

Thematic analysis, or examining and reporting reoccurring themes within the data, was
used in this study to group data for the meta-synthesis (Braun & Clarke, 2006; VVaismoradi et al.,
2016). Throughout the study, a theme was identified as “something important about the data in
relation to the research question, and represents some level of patterned response or meaning
within the data set” (Braun & Clarke, 2006, p. 82). Thematic analysis utilizes a multi-step
process where statements were coded into categories that were later added to larger themes
(Boyatzis, 1998). MAXQDA (VERBI software GmbH, Berlin, Germany), a data analysis
software, was used for the thematic analysis in this study.

The thematic analysis involved a single, lead coder who manually coded all of the
research publications. The publication’s abstract or summary was examined for codes if a
publication title was not descriptive enough to be assigned a code. For example, one publication
title contained only the scientific name of a plant; thus, additional information was needed to
code the publication. First, the lead coder immersed themselves in the data in order to gain a
deeper understanding of the content (Braun & Clarke, 2006; Castleberry & Nolen, 2018). Next,
the lead coder generated initial codes from the raw data by identifying similar ideas and
constructs (Braun & Clarke, 2006; Castleberry & Nolen, 2018). These codes were then sorted
into groups with similar patterns or characteristics, and emerging themes developed from the
recurring patterns (Braun & Clarke, 2006; Castleberry & Nolen, 2018). One limitation of
thematic analysis is coding with preconceived codes or themes that do not encompass the themes
or patterns in the data set (Braun & Clarke, 2006). Therefore, an emergent coding approach was
used by the lead coder to allow codes and themes to develop naturally throughout the process
(Castleberry & Nolen, 2018). Throughout the thematic coding process, the lead coder revisited
the codes to review and reanalyze themes (Braun & Clarke, 2006; Castleberry & Nolen, 2018;
Vaismoradi et al., 2016).

The lead coder created a reflexive journal with perceptions of codes and a code index to
further reflect on the meaning of themes (VVaismoradi et al., 2016). The lead coder used peer
debriefing throughout the analysis to establish credibility and improve reliability in the study
(Barber & Walczak, 2009). Two faculty members with expertise in social science research
methods at the University of Georgia, a science communication faculty member, and the



Associate Dean for Research, who also serves as the Georgia Agricultural Experiment Station
Director, were used as peer debriefers for the thematic analysis. The face-to-face peer debriefing
meetings involved the lead coder and faculty members sharing their perspectives on the
emerging thematic codes and thoroughly discussing the description of each code. Having face-
to-face peer debriefing meetings helped avoid any misinterpretation of the data (Barber &
Walczak, 2009). Throughout the peer debriefing process, reflexivity was used to assist with
interpreting the multiple perspectives from faculty and the lead coder presented during the
meetings (Barber & Walczak, 2009).

For the purpose of this manuscript, a second coder conducted a meta-synthesis to provide
a comprehensive view of the findings from the research publications (Leary & Walker, 2018;
Paterson et al., 2001). A meta-synthesis enables a researcher to review and interpret studies
together rather than in isolation (Leary & Walker, 2018; Paterson et al., 2001). Meta-synthesis
findings facilitate the advancement of knowledge and theory as new perspectives develop from
the data collected (Leary & Walker, 2018). Healthcare studies commonly use meta-syntheses to
analyze large quantities of data but the approach is fairly uncommon in the field of social science
(Carlson & Palmer, 2016). Esteves et al. (2021) conducted a meta-synthesis to determine
regulatory requirements for organic foods in Brazil, the U.S., and the European community and
found there is not an equivalent organic certification between the three markets. Prior to
conducting the meta-synthesis, the second coder reviewed the coded publication titles from the
lead coder’s initial thematic analysis and established reliability by checking for data that
supported each theme (Hodson, 1999).

A total of 2,740 research publications produced by the University of Georgia’s College of
Agricultural and Environmental Sciences during the years 2016, 2017, and 2018 were
thematically analyzed by the lead coder. The publication titles were coded into agriculturally and
environmentally focused themes. To provide a comprehensive analysis of publication themes,
many of the publications received more than one code and fell into multiple thematic categories.
The lead coder assigned 4,235 thematic codes to the research publications. Using the established
thematic codes, the secondary coder then sorted publications into meta-synthesis categories
based on their specific overlap between agricultural and environmental science thematic codes
(Leary & Walker, 2018; Paterson et al., 2001). Just as the lead coder, the secondary coder
created a reflexive journal to gain a deeper understanding of their thinking process and to peer
debrief their interpretation of grouped codes and themes, constructing a “dynamic and iterative
process of thinking, interpreting, creating, theorizing, and reflecting” (Paterson et al., 2001, p.
112). Perspective on the analysis technique and textual descriptions was provided (Table 1).

Table 1
Reoccurring Terms
Terms Definitions
Meta-synthesis Categories with overlap between agricultural and environmental science
categories codes and themes (Leary & Walker, 2018; Paterson et al., 2001)
Theme Patterned responses or reoccurring ideas that are important for
representing meaning in the dataset (Braun & Clarke, 2006)
Code Words that share meaning and unify ideas based on their commonalities

(\VVaismoradi, et al. 2016)




Subjectivity Statement

It is necessary for the researchers who interpreted the data in this study to identify any
points of bias. The coders were all graduate students within a LGU when the research was
conducted but did not contribute to any of the research publications examined throughout this
study. The lead coder, second coder, and lead author on the manuscript were pursuing degrees in
the University of Georgia’s College of Agricultural and Environmental Sciences and had
backgrounds in environmental sciences and agriculture. The lead coder had knowledge of
environmental and agricultural practices from growing up in rural Georgia. The second coder
had an undergraduate degree in agricultural communication from the University of Georgia’s
College of Agricultural and Environmental Sciences and professional experience in the Georgia
agriculture industry. The manuscript lead author had previous job experience in environmental
science and education. The lead coder initially established codes and themes that may reflect
these biases. However, they were later compared via peer debriefing and by the second coder to
capture the essence of the themes and codes as seen by all researchers in this study.

Meta-Synthesis Findings

Seven environmentally focused themes emerged from the codes in the thematic analysis
of the University of Georgia’s College of Agricultural and Environmental Sciences research
publications. These themes included: (1) climate studies, (2) soil science, (3) water management,
(4) farm/land management, (5) sustainable food systems, (6) environmental policy, and (7)
environmental learning. Publications that fell into primarily environmental themes received 390
individual codes, representing approximately 9.2% of the initial 4,235 codes identified by the
lead coder.

In the meta-synthesis of the data, 155 publications received codes that fit into themes that
were exclusively environmental in nature, representing 5.7% of the initial 2,740 publications
coded. Environmental-only publications were coded for one or more of the environmental
themes listed above but were not coded for any primary agricultural themes. The remaining
environmentally focused publications received codes for both environmental and agricultural
themes. The primary agricultural themes, identified in the lead coder’s initial analysis, were (1)
advances in animal sciences, (2) advances in plant sciences, (3) society’s role in agricultural
and environmental sciences, and (4) advances in food science and safety. Some publications
received codes for multiple environmentally and agriculturally focused themes to provide a
comprehensive view of the interdisciplinary nature of the work. The meta-synthesis (Table 2)
revealed 212 codes that overlapped agricultural and environmental themes representative of
approximately 5% of the total 4,235 codes revealed in the lead coder’s initial thematic analysis.
Because publications may have received more than one code, the number of total publications is
less than the total number of codes.



Table 2

Overlap Between Agriculturally and Environmentally Focused Themes in Research Publications Based on Thematic Codes

Agriculturally  Climate Soil Water Farm/Land Sustainable  Environmental  Environmental Total
Focused Studies Science Management  Management Food Policy Learning
Themes Systems

Advances in 3 5 6 14 0 0 0 28

Animal

Sciences

Advances in 13 28 27 12 3 2 0 85

Plant Sciences

Society’s Role 8 6 44 8 12 4 12 94

in Agricultural

and

Environmental

Sciences

Advances in 0 0 3 1 1 0 0 5

Food Science

and Safety

Total 24 39 80 35 16 6 12 212




The second coder conducted an analysis of publication titles and theme overlap under
each agricultural theme. Agriculturally and environmentally focused themes that shared 14 or
more publications with overlapping codes were examined for similarities and detailed according
to agricultural focus areas. Through peer debriefing, 14 emerged as the natural breakpoint in the
data and was, therefore, selected as the level of acceptance. A visual representation of the second
coder’s process of determining overlap between environmentally focused and agriculturally
focused publications is represented in Figure 1.

Figure 1
Meta-synthesis Process for Overlapping Research Publication Themes Based on Number of
Publications
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Environmental Themes in Society’s Role in Agricultural and Environmental Sciences

The largest overlap between agriculturally and environmentally focused themes occurred
in the category society’s role in agricultural and environmental sciences With 94 overlapping
publications. The highest overlap occurred in the nexus between water management and
society’s role in agricultural and environmental sciences. It should be noted that the lead coder
identified the themes sustainable food systems, agricultural policy, and agricultural and
environmental learning and categorized them under the agricultural theme society’s role in
agricultural and environmental sciences. However, in the meta-synthesis, the second coder
sorted through all publications in the initial categories to identify those specifically with
environmental themes. Publications in the environmental policy, environmental learning, and
sustainable food systems themes were only coded for agricultural overlap if they were combined
with at least one other secondary theme encompassed by society's role in agricultural and



environmental science such as agricultural economics, agricultural and rural technology,
communicating agriculture, agricultural and rural social structure, etc.

The largest overlap occurred between society’s role in agricultural and environmental
sciences and the water management environmental theme with a total of 44 overlapping
publications, accounting for 47% of all overlap in this agricultural theme. Nineteen publications
overlapping in water management and society’s role in agricultural and environmental sciences
focused on influencing public opinion and actions surrounding water conservation. Examples
include “Diffusing Water Conservation and Treatment Technologies to Nursery and Greenhouse
Growers” (Lamm et al., 2017) and “Influence of Source Credibility on Agricultural Water Use
Communication” (Lamm et al., 2016). Additionally, publications highlighted water conservation
communication through LGU extension programming such as “Enhancing Extension Programs
by Discussing Water Conservation Technology Adoption with Growers” (Lamm et al., 2017).

The second coder’s analysis of publication titles revealed that 17 publications within
society’s role in agricultural and environmental sciences dealt with matters of agricultural and
rural technology in relation to water management. Implementing water conservation with
smartphone technologies was a common theme across six of these publications. Examples
include “Development and Assessment of a Smartphone Application for Irrigation Scheduling in
Cotton” (Vellidis et al., 2016) and “Comparing a Smartphone Irrigation Scheduling Application
With Water Balance and Soil Moisture-Based Irrigation Methods: Part I1-Plasticulture-Grown
Watermelon” (Miller et al., 2018). Overlap in these publications revealed that researchers were
taking advantage of advances in agricultural technology to increase water conservation efforts in
their irrigation practices.

Environmental Themes in Advances in Plant Sciences

The second coder identified 85 publications containing environmental themes within
advances in plant sciences. This was the second largest amount of overlap within the four
primary agricultural themes. Of all the environmental themes, soil science and water
management shared the most overlap with the primary agricultural themes. Advances in plant
sciences overlapped with soil science in 28 publications. The most overlap occurred in
publications exploring crop management, plant growth and growing, plant breeding and genetics,
and specialty crops.

Eleven of the publications coded for both soil science and advances in plant science were
focused on various aspects of soil health in the management and growth of commodity crops
such as alfalfa, peanuts, cotton, and corn. Yang et al. (2016) explored the impact of soil
potassium deficiency on the fiber of cotton, a commodity crop, in “Soil Potassium Deficiency
Reduces Cotton Fiber Strength by Accelerating and Shortening Fiber Development.”
Conversely, five of the overlapping publications focused on soil science in specialty crops such
as blueberries, tomatoes, pecans, and watermelons in studies like, “Soil pH and Mineral
Nutrients Strongly Influence Truffles and Other Ectomycorrhizal Fungi Associated with
Commercial Pecans (Carya Illinoinensis)” (Ge et al., 2017). Lee et al. (2018) discussed the
effects of beef cattle manure compost and mixed oilseed cakes on soil health for organic onion
yield. Studies of this nature explored improving soil health for specialty crops and even
overlapped with animal agriculture production. However, the majority of soil science and
advances in plant sciences overlapping publications were not as interdisciplinary and did not
overlap with other environmental or agricultural themes.



Water management was also crucial to plant health and overlapped with 27 publications
in advances in plant sciences. The largest contributors to this overlap were publications focused
on plant growth, specialty crops, and crop management. Nine publications shared overlap
between water management and plant growth and growing. Research ranged from irrigation
methods such as “Impacts and Limits of Irrigation Water Management on Wheat Yield and
Quality” (Torrion & Stougaard, 2017) to the effect of wastewater bacteria on plant growth like
“Evaluation of Bacteria Isolated from Textile Wastewater and Rhizosphere to Simultaneously
Degrade Azo Dyes and Promote Plant Growth” (Shafqat et al., 2017). Nine publications
overlapped between water management and specialty crops, primarily concerned with irrigation
research for these specialty crops like “Evaluation of Shallow Subsurface Drip Irrigation for the
Production of Acorn Squash” (Coolong, 2016). Finally, six publications shared overlap in water
management and crop management in publications that explored the water use in different types
of crops such as “Water Use Efficiency in Living Mulch and Annual Cover Crop Corn
Production Systems” (Sanders et al., 2018).

There was minimal overlap between the other environmental categories and advances in
plant science. This agricultural theme overlapped with 13 studies within the climate studies
theme and 12 publications with farm/land management themes. Overlap was minimal with the
themes sustainable food systems, environmental policy, and environmental learning with no
more than three publications in each category.

Environmental Themes in Advances in Animal Sciences

The lead coder identified 1,276 codes within advances in animal sciences, the second-
largest area of research in the University of Georgia’s College of Agricultural and Environmental
Sciences. However, the second coder identified only 28 publications containing codes that
intersected between advances in animal sciences and environmental themes.

The section of overlap that garnered the most attention in this area was between
farm/land management and advances in animal sciences. Five publications related to avian
studies largely addressed the nitrogen excretion from poultry litter. Examples include “Grazing
Management and Buffer Strip Impact on Nitrogen Runoff from Pastures Fertilized with Poultry
Litter” (Pilon et al., 2019) and “The Nitrogen Contained in Carbonized Poultry Litter is not Plant
Available” (Steiner et al., 2018). Three publications coded for mammal studies dealt largely with
different ideas for cattle management practices, including “Grazing Evaluation of Annual and
Perennial Cool-Season Forage Systems for Stocker Production in the Lower Transition Zone”
(McKee et al., 2017); “Spatial Distribution of Inorganic Nitrogen in Pastures as Affected by
Management, Landscape, and Cattle Locus” (Dahal et al., 2018); and “Canola and Calves: An
Integrated Crop-Livestock Farming System for Producing Canola and Stocker Cattle in the
Southeast” (Ingram et al., 2018). Animal nutrition also received codes in three publications, but
all three publications were also coded for in the avian studies and mammal studies (Chalova et
al., 2016a; Chalova et al., 2016b; McKee et al., 2017). The other environmental themes had
minimal overlap with advances in animal sciences.

Environmental Themes in Advances in Food Science and Safety

There were minimal areas of overlap between advances in food science and safety and
environmental themes. Of the 396 codes identified by the lead coder in this primary agricultural



theme, only five publications overlapped with environmental themes in the areas of water
management, sustainable food systems, and farm/land management.

Discussion

Agricultural practices that further environmental protection and food production are
needed to ensure the future of global food security (Garnett et al., 2013; Rockstrom et al., 2017);
however, there are management challenges that must be addressed through research, and their
associated science communication efforts, in order to promote collaborative efforts that benefit
agriculture and the environment (Banks, 2004; De Fraiture & Wichelns, 2010). The purpose of
this study was to determine where environmentally focused and agriculturally focused research
overlapped within a college of agricultural and environmental sciences at a LGU.

Overlap between the agricultural category society’s role in agricultural and
environmental sciences and environmental themes were limited. The majority of overlap in this
category was with water management. While the University of Georgia’s College of Agricultural
and Environmental Sciences has conducted research on the societal impacts of water
management as they relate to irrigation technology and public influence, there is room for
additional collaboration and communication outside of these spaces.

While environmental research should naturally coincide with advances in plant sciences,
the overlap between the groups is minimal. By its nature, soil science overlapped with advances
in plant sciences because of the importance of healthy soil in crop production. However, in the
initial review of the publications, the lead coder identified advances in plant sciences as the
largest primary theme with 1,624 codes. With only 85 research publications coded for both
environmental and agricultural themes, there is much untapped potential for research and
communication collaboration in the area of plant sciences. Previous studies recommended
collaboration between plant sciences and the environment, such as Isaacs et al. (2009) who found
promoting native plants that attract beneficial arthropods to help with crop pollination and pest
control must be done with a multidisciplinary team, and LGUs must shift towards this approach.
In addition, communicating about integrated approaches between plant sciences and the
environment with diverse stakeholders may encourage future implementation.

The large number of peer-reviewed publications about advances in animal sciences and
the minimal amount of overlap with environmental codes is disappointing. Collaboration and
communication between animal agriculture and environmentalists have vast benefits, such as
prescribed livestock grazing to prevent wildfires (Lovreglio et al., 2014). Considering animal
agriculture is cited as one of the largest drivers of environmental issues (Clark & Tilman, 2017),
especially climate change (Koneswaran & Nierenberg, 2008; Rojas-Downing et al., 2017), there
may be surface-level polarizations between agriculturalists and environmentalists. Research
should be conducted to determine if a surface-level polarization deters animal agriculturalists and
environmentalists from working together, and, if so, what ways best unite the groups. Either
way, the lack of overlap in this research area indicates the need for interdisciplinary research and
in-depth communication in this subject matter area. Moreover, overlap between advances in food
science and safety and environmental themes were limited. It is important researchers foster
better communication to create agricultural systems that are both sustainable and safe, especially
as reduction of food waste is a problem solved by both food scientists and environmentalists.



Limitations and Conclusion

There were several limitations that should be addressed before the findings are
interpreted. One limitation was the lead coder assigned a code to only the section of the
publication title that related to its corresponding theme. Therefore, the second coder had to sort
through all environmentally focused codes to determine agricultural overlap using the lead
coder’s work as a guide rather than working directly from the lead coder’s established codes.
Additionally, code interpretation was based on each coder’s perception of agricultural and
environmental sciences including their experiences and current knowledge. Thus, it is possible
codes were wrongly assigned or may have been assigned otherwise by a coder with different
experiences and knowledge. Lastly, the publications were only examined based on their title and
abstract, which may have caused misinterpretation as titles and abstracts cannot encompass
everything the study finds. Similarly, the meta-synthesis examined themes via titles and abstracts
in order to determine collaboration between agricultural and environmental sciences, which may
have caused misinterpretation between group collaboration and simple connections between the
groups within studies. Future studies should examine the full text of research publications in
order to have a more detailed understanding of the collaboration between environmentally
focused and agriculturally focused research.

Acknowledging these limitations, the results of the meta-synthesis revealed there was
limited collaboration between environmentally focused and agriculturally focused research.
Without collaborative research, agricultural communicators cannot develop science
communication efforts that integrate evidence-based science from both groups. The findings are
similar to Scasta et al. (2018) and Banks (2004) who found additional communication and
cooperation strategies that bridge the divide between agriculture and environmentalism are
needed, especially those that focus on their common ground. Moving forward, it is imperative
that LGUs have an institutional shift towards a more collaborative research and communication
platform that uses interdisciplinary approaches to integrate sustainable agriculture and
environmental protection to warrant future food policy that will ensure food security (Banks,
2004).

Recommendations

While new challenges and competing objectives may emerge within interdisciplinary
research teams, this approach is needed to address multifaceted, uncertain issues (Harris & Lyon,
2013) such as global food security. Moving forward, faculty members, researchers, and
communicators must be made aware of this gap so that complex environmental and agricultural
issues can be addressed from an interdisciplinary perspective. Agricultural communicators
should facilitate conversations between faculty members and researchers directed at this gap and
emphasize commonalities and the importance of interdisciplinary research teams (Scasta et al.,
2018). In addition, agricultural communicators should assist in reducing potential
misunderstandings due to scientific jargon or labels with more productive discourse (Scasta et
al., 2018). Future studies could examine if there are key characteristics of successful
interdisciplinary teams that may help others overcome the surface-level polarization between
agricultural and environmental researchers, communicators, and stakeholders.

The public cannot become more literate and make informed science communication
decisions if agricultural and environmental perspectives are not integrated. Since directors of



centers for interdisciplinary agricultural research are invested in the importance of science
communication (McLeod-Morin et al., 2020), agricultural communicators should partner with
these centers as they conduct research on the power of interdisciplinary teams. Understanding
key characteristics of successful interdisciplinary teams will provide an educational tool for
agricultural communicators to share with faculty members and researchers. In addition, the
collaborative research process could be beneficial to both agricultural communicators and center
faculty.

Future research also should determine effective techniques for communicating the
importance of interdisciplinary research to researchers and stakeholders to garner financial
support for integrated projects. Agricultural communicators cannot develop science
communication efforts that holistically integrate evidence-based science without collaborative
research. Therefore, agricultural communicators must strive to encourage researchers to engage
in interdisciplinary teams and stakeholders support of interdisciplinary research endeavors in
order to effectively address and solve the wicked issues facing agriculture and the environment.

References

Banks, J. E. (2004). Divided culture: Integrating agriculture and conservation biology. Frontiers
in Ecology and the Environment, 2, 537-545.

Barber, J. P., & Walczak, K. K. (2009, April). Conscience and critic: Peer debriefing strategies in
grounded theory research. In Annual Meeting of the American Educational Research
Association, San Diego, CA.

Boyatzis, R. E. (1998). Transforming qualitative information: Thematic analysis and code
development. Sage.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in
Psychology, 3(2), 77-101. https://doi.org/10.1191/14780887060p0630a

Brodt, S., Six, J., Feenstra, G., Ingels, C., & Campbell, D. (2011). Sustainable agriculture.
Nature Education Knowledge, 3(10).
https://www.nature.com/scitable/knowledge/library/sustainable-agriculture-23562787/

Butler, S. J., Vickery, J. A., & Norris, K. (2007). Farmland biodiversity and the footprint of
agriculture. Science, 315(5810), 381-384. https://doi.org/10.1126/science.1136607

Carlson, A., & Palmer, C. (2016). A qualitative meta-synthesis of the benefits of eco-labeling in
developing countries. Ecological Economics, 127, 129-145.
https://doi.org/10.1016/j.ecolecon.2016.03.020

Castleberry, A., & Nolen, A. (2018). Thematic analysis of qualitative research data: Is it as easy
as it sounds? Currents in Pharmacy Teaching and Learning, 10(6), 807-815.

Chalova, V. I., Kim, J., Patterson, P. H., Ricke, S. C., & Kim, W. K. (2016a). Reduction of
nitrogen excretion and emissions from poultry: A review for conventional poultry.
World's Poultry Science Journal, 72(3), 509-520.
https://doi.org/10.1017/S0043933916000477

Chalova, V. I., Kim, J., Patterson, P. H., Ricke, S. C., & Kim, W. K. (2016b). Reduction of
nitrogen excretion and emission in poultry: A review for organic poultry. Journal of
environmental science and health, Part B, 51(4), 230-235.
https://doi.org/10.1080/03601234.2015.1120616

Chappell, M. J., & LaValle, L. A. (2011). Food security and biodiversity: Can we have both? An
agroecological analysis. Agriculture and Human Values, 28, 3-26.
https://doi.org/10.1007/s10460-009-9251-4



https://doi.org/10.1191/1478088706qp063oa
https://www.nature.com/scitable/knowledge/library/sustainable-agriculture-23562787/
https://doi.org/10.1126/science.1136607
https://doi.org/10.1016/j.ecolecon.2016.03.020
https://doi.org/10.1080/03601234.2015.1120616
https://doi.org/10.1080/03601234.2015.1120616
https://doi.org/10.1080/03601234.2015.1120616
https://doi.org/10.1007/s10460-009-9251-4

Clark, M., & Tilman, D. (2017). Comparative analysis of environmental impacts of agricultural
production systems, agricultural input efficiency, and food choice. Environmental
Research Letters, 12(6). https://doi.org/10.1088/1748-9326/aa6cd5

Coolong, T. (2016). Evaluation of shallow subsurface drip irrigation for the production of acorn
squash. HortTechnology, 26(4), 436-443.

Cox Callister, D. (2013). Land community participation: A new “public” participation model.
Environmental Communication, 7(4), 435-455.
https://doi.org/10.1080/17524032.2013.822408

Croft, G. K. (2019). The U.S. land-grant university system: An overview.
https://fas.org/sgp/crs/misc/R45897.pdf

Dahal, S., Franklin, D. H., Cabrera, M. L., Hancock, D. W., Stewart, L., Ney, L. C., Subedi, A.,
& Mahmud, K. (2018). Spatial distribution of inorganic nitrogen in pastures as affected
by management, landscape, and cattle locus. Journal of Environmental Quality, 47(6),
1468-1477. https://doi.org/10.2134/jeq2018.06.0241

De Fraiture, C., & Wichelns, D. (2010). Satisfying future water demands for agriculture.
Agricultural Water Management, 97(4), 502-511.
https://doi.org/10.1016/j.agwat.2009.08.008

De Leon, A., Leonard, S., & Martius, C. (2016). More holistic approaches to agriculture needed:
An analysis of submissions to SBSTA 44 on agriculture and adaptation. Center for
International Forestry Research. http://www.jstor.org/stable/resrep16206

Ejeta, G. (2009). Revitalizing agricultural research for global food security. Food Security,
1(391). https://doi.org/10.1007/s12571-009-0045-8

Esteves, R., Vendramini, A., & Accioly, F. (2021). A qualitative meta-synthesis study of the
convergence between organic crop regulations in the United States, Brazil, and Europe.
Trends in Food Science & Technology, 107. https://doi.org/10.1016/].tifs.2020.10.044.

Fitzgerald, H. E., Bruns, K., Sonka, S. T., Furco, A., & Swanson, L. (2016). The centrality of
engagement in higher education. Journal of Higher Education Outreach and
Engagement, 20(1), 223-244.

Garnett, T., Appleby, M. C., Balmford, A., Bateman, I. J., Benton, T. G., Bloomer, P.,
Burlingame, B., Dawkins, M., Dolan, L., Fraser, D., Herrero, M., Hoffmann, I., Smith, P.,
Thornton, P. K., Toulmin, C., Vermeulen, S. J., & Godfray, H. C. J. (2013). Sustainable
intensification in agriculture: Premises and policies. Science, 341(6141), 33-34.
https://doi.org/10.1126/science.1234485

Ge, Z., Brenneman, T., Bonito, G., & Smith, M. E. (2017). Soil pH and mineral nutrients
strongly influence truffles and other ectomycorrhizal fungi associated with commercial
pecans (Carya illinoinensis). Plant and soil, 418, 493-505.
https://doi.org/10.1007/s11104-017-3312-z

German, R. N., Thompson, C. E., & Benton, T. G. (2017). Relationships among multiple aspects
of agriculture's environmental impact and productivity: A meta-analysis to guide
sustainable agriculture. Biological Reviews, 92(2), 716-738.
https://doi.org/10.1111/brv.12251

Gold, A. J., Parker, D., Waskom, R. M., Dobrowolski, J., O’Neill, M., Groffman, P. M., Addy,
K., Barber, M., Batie, S., Benham, B., Bianchi, M., Blewett, T., Evensen, C., Farrell-Poe,
K., Gardner, C., Graham, W., Harrison, J., Harter, T., Kushner, J. ... Morton, L. W.
(2013). Advancing water resource management in agricultural, rural, and urbanizing



https://doi.org/10.1088/1748-9326/aa6cd5
https://doi.org/10.1080/17524032.2013.822408
https://fas.org/sgp/crs/misc/R45897.pdf
https://doi.org/10.2134/jeq2018.06.0241
https://doi.org/10.1016/j.agwat.2009.08.008
http://www.jstor.org/stable/resrep16206
https://doi.org/10.1007/s12571-009-0045-8
https://doi.org/10.1016/j.tifs.2020.10.044
https://doi.org/10.1126/science.1234485
https://doi.org/10.1007/s11104-017-3312-z
https://doi.org/10.1111/brv.12251

watersheds: Why land-grant universities matter. Journal of Soil and Water Conservation,
68(4), 337-348. https://doi.org/10.2489/jswc.68.4.337

Harris, F., & Lyon, F. (2013). Transdisciplinary environmental research: Building trust across
professional cultures. Environmental Science & Policy, 31, 109-1109.
https://doi.org/10.1016/j.envsci.2013.02.006

Hodson, R. (1999). Analyzing documentary accounts. Sage.

Holtzhausen, D. (2014). Strategic Communication. In the International Encyclopedia of
Communication, W. Donsbach (Ed.).
https://doi.org/10.1002/9781405186407.wbiecs106.pub?2

Horton, C., Hall, D., Gilbertz, S., & Peterson, T. (2017). Voice as entry to agriculturalists’
conservationist identity: A cultural inventory of the Yellowstone River. Environmental
Communication, 11(5), 609-623. https://doi.org/10.1080/17524032.2016.1157505

Ingram, S., Dillard, L., Hancock, D., & Stewart, R. L. (2018). Canola and calves: An integrated
crop-livestock farming system for producing canola and stocker cattle in the southeast.
Journal of the NACAA, 11(2). https://www.nacaa.com/journal/index.php?jid=916

Isaacs, R., Tuell, J., Fiedler, A., Gardiner, M., & Landis, D. (2009). Maximizing arthropod-
mediated ecosystem services in agricultural landscapes: the role of native plants.
Frontiers in Ecology and the Environment, 7(4), 196-203.
https://doi.org/10.1890/080035

Koneswaran, G., & Nierenberg, D. (2008). Global farm animal production and global warming:
impacting and mitigating climate change. Environmental Health Perspectives, 116(5),
578-582. https://doi.org/10.1289/ehp.11034

Lamm, A. J., Warner, L. A., Martin, E. T., White, S. A., & Fisher, P. (2017). Enhancing
extension programs by discussing water conservation technology adoption with growers.
Journal of Agricultural Education, 58(1), 251-266.
https://doi.org/10.5032/jae.2017.01251

Lamm, A. J., Warner, L. A., Taylor, M. R., Martin, E. T., White, S. A., & Fisher, P. R. (2017).
Diffusing water conservation and treatment technologies to nursery and greenhouse
growers. Journal of International Agricultural and Extension Education, 24, 105-119.
https://doi.org/10.5191/jiaee.2017.24110

Lamm, A. J., Owens, C. T., Telg, R., & Lamm, K.W. (2016). Influence of source credibility on
agricultural water use communication. Journal of Applied Communications, 100(3).
https://doi.org/10.4148/1051-0834.1235

Lee, J., Hwang, S., Min, B., Kim, H., Kim, J., Hong, K., Lee, S., Shim, S., & Boyhan, G. E.
(2018). Effect of compost and mixed oilseed cake application rates on soil chemical
properties, plant growth, and yield of organic bulb onions. Horticultural Science and
Technology, 666-680. https://doi.org/10.12972/kjhst.20180067

Lovreglio, R., Meddour-Sahar, O., & Leone, V. (2014). Goat grazing as a wildfire prevention
tool: A basic review. iForest - Biogeosciences and Forestry, 7(4), 260-268.
https://doi.org/10.3832/ifor1112-007

McKee, R., Tucker, J., Mullenix, M. K., Prevatt, C., & Santen, E. (2017). Grazing evaluation of
annual and perennial cool-season forage systems for stocker production in the lower
transition zone. Crop, Forage and Turfgrass Management, 3, 1-7.

McLeod-Morin, A., Telg, R., & Rumble, J. (2020). Describing interdisciplinary agricultural
research center describing interdisciplinary agricultural research center directors’
perceptions of science communication through goals directors’ perceptions of science



https://doi.org/10.2489/jswc.68.4.337
https://doi.org/10.1016/j.envsci.2013.02.006
https://doi.org/10.1080/17524032.2016.1157505
https://www.nacaa.com/journal/index.php?jid=916
https://doi.org/10.1890/080035
https://doi.org/10.1289/ehp.11034
https://doi.org/10.5032/jae.2017.01251
https://doi.org/10.5191/jiaee.2017.24110
https://doi.org/10.4148/1051-0834.1235
https://doi.org/10.12972/kjhst.20180067
https://doi.org/10.3832/ifor1112-007

communication through goals and beliefs. Journal of Applied Communications, 104(1).
https://doi.org/10.4148/1051-0834.2300

Miller, L., Vellidis, G., & Coolong, T. (2018). Comparing a smartphone irrigation scheduling
application with water balance and soil moisture-based irrigation methods: Part I1-
plasticulture-grown watermelon. HortTechnology, 28(3), 362-369.

National Research Council. (1995). Profiles of the Land Grant Colleges of Agriculture. In
Colleges of agriculture at the land grant universities: A profile. (pp. 83-103). The
National Academies Press. https://doi.org/10.17226/4980

Parr, D. M., Trexler, C. J., Khanna, N. R., & Battisti, B. T. (2007). Designing sustainable
agriculture education: Academics’ suggestions for an undergraduate curriculum at a land
grant university. Agriculture and Human Values, 24, 523-533.
https://doi.org/10.1007/s10460-007-9084-y

Paterson, B. L., Thorne, S. E., Canam, C., & Jillings, C. (2001). Meta-study of qualitative health
research: A practical guide to meta-analysis and meta-synthesis. Sage.

Pilon, C., Moore, P. A., Pote, D. H., Martin, J. W., Owens, P. R., Ashworth, A. J., Miller, D. M.,
& Delaune, P. B. (2019). Grazing management and buffer strip impact on nitrogen
runoff from pastures fertilized with poultry litter. Journal of Environmental Quality,
48(2), 297-304. https://doi.org/10.2134/jeq2018.04.0159

Prokopy, L. S., Carlton, J. S., Arbuckle, J. G., Haigh, T., Lemos, M. C., Mase, A. S., Babin. N.,
Dunn, M., Andresen, J., Angel, J., Hart, C., & Power, R. (2015). Extension's role in
disseminating information about climate change to agricultural stakeholders in the United
States. Climatic Change, 130, 261-272. https://doi.org/10.1007/s10584-015-1339-9

Pywell, R. F., Heard, M. S., Bradbury, R. B., Hinsley, S., Nowakowski, M., Walker, K. J., &
Bullock, J. M. (2012). Wildlife-friendly farming benefits rare birds, bees and plants.
Biology Letters, 8(5), 772—775. https://doi.org/10.1098/rsbl.2012.0367

Rockstrom, J., Williams, J., Daily, G., Noble, A., Matthews, N., Gordon, L., Wetterstrand, H.,
DeClerck, F., Shah, M., Steduto, P., de Fraiture, C., Hatibu, N., Unver, O., Bird, J.,
Sibanda, L., & Smith, J. (2017). Sustainable intensification of agriculture for human
prosperity and global sustainability. Ambio, 46(1), 4-17. https://doi.org/10.1007/s13280-
016-0793-6

Rojas-Downing, M. M., Nejadhashemi, A. P., Harrigan, T., & Woznicki, S. A. (2017). Climate
change and livestock: Impacts, adaptation, and mitigation. Climate Risk Management, 16,
145-163. https://doi.org/10.1016/j.crm.2017.02.001

Sanders, Z. P., Andrews, J. S., & Hill, N. S. (2018). Water use efficiency in living mulch and
annual cover crop corn production systems. Agronomy Journal, 110, 1128-1135.

Sanford, M. P. (2006). Extirpating the agriculture versus conservation dichotomy. Conservation
Biology, 20, 253-254. https://doi.org/10.1111/].1523-1739.2005.00316.x

Scasta, J. D., Welter, K. J., & Friday, C. (2018). Common values and themes for grazed open
spaces: “Plant diversity” and “watershed” as communication intersections for agriculture
and conservation groups? Environmental Communication, 6, 761-774.
https://doi.org/10.1080/17524032.2018.1457066

Scown, M. W., Winkler, K. J., & Nicholas, K. A. (2019). Aligning research with policy and
practice for sustainable agricultural land systems in Europe. Proceedings of the National
Academy of Sciences, 116(11), 4911-4916. https://doi.org/10.1073/pnas.1812100116

Shafgat, M., Khalid, A., Mahmood, T., Siddique, M. T., Han, J., & Habteselassie, M. Y. (2017).
Evaluation of bacteria isolated from textile wastewater and rhizosphere to simultaneously



https://doi.org/10.4148/1051-0834.2300
https://doi.org/10.17226/4980
https://doi.org/10.1007/s10460-007-9084-y
https://doi.org/10.2134/jeq2018.04.0159
https://doi.org/10.1007/s10584-015-1339-9
https://doi.org/10.1098/rsbl.2012.0367
https://doi.org/10.1007/s13280-016-0793-6
https://doi.org/10.1007/s13280-016-0793-6
https://doi.org/10.1016/j.crm.2017.02.001
https://doi.org/10.1111/j.1523-1739.2005.00316.x
https://doi.org/10.1080/17524032.2018.1457066
https://doi.org/10.1073/pnas.1812100116

degrade azo dyes and promote plant growth. Journal of Chemical Technology &
Biotechnology, 92(10), 2760-2768. https://doi.org/10.1002/jcth.5357

Steiner, C., Harris, K., Gaskin, J., & Das, K. C. (2018). The nitrogen contained in carbonized
poultry litter is not plant available. Open Agriculture, 3(1), 284-290.
https://doi.org/10.1515/0pag-2018-0030

Telg, R. W., Lundy, L., Wandersee, C., Mukhtar, S., & Smith, D. (2018). Perceptions of trust:
Communicating climate change to cattle producers. Journal of Applied Communications,
102(3). https://doi.org/10.4148/1051-0834.2207

Torrion, J. A., & Stougaard, R. N. (2017). Impacts and limits of irrigation water management on
wheat yield and quality. Crop Science, 57(6), 3239-3251.
https://doi.org/10.2135/cropsci2016.12.1032

Tscharntke, T., Clough, Y., Wanger, T. C., Jackson, L., Motzke, I., Perfecto., I., Vandermeer, J.,
& Whitbread, A. (2012). Global food security, biodiversity conservation and the future of
agricultural intensification. Biological Conservation, 151(1), 53-59.
https://doi.org/10.1016/j.biocon.2012.01.068

Vaismoradi, M., Jones, J., Turunen, H., & Snelgrove, S. (2016). Theme development in
qualitative content analysis and thematic analysis. Journal of Nursing Education and
Practice, 6(5), 100-110.

Vellidis, G., Liakos, V., Andreis, J. H., Perry, C. D., Porter, W. M., Barnes, E. M., Morgan, K.
T., Fraisse, C., & Migliaccio, K. W. (2016). Development and assessment of a
smartphone application for irrigation scheduling in cotton. Computers and Electronics in
Agriculture, 127, 249-259. https://doi.org/10.1016/j.compag.2016.06.021

Walthall, C. L., Hatfield, J., Backlund, P., Lengnick, L., Marshall, E., Walsh, M., Adkins, S.,
Aillery, M., Ainsworth, E. A., Ammann, C., Anderson, C. J., Bartomeus, I., Baumgard,
L. H., Booker, F., Bradley, B., Blumenthal, D.M., Bunce, J., Burkey, K., Dabney, S. M.
... Ziska, L. H. (2012). Climate change and agriculture in the United States: Effects and
adaptation. United States Department of Agriculture.
https://www.usda.gov/sites/default/files/documents/CC%20and%20Agriculture%20Repo
rt%20(02-04-2013)b.pdf

Yang, J., Hu, W., Zhao, W., Meng, Y., Chen, B., Wang, Y., & Zhou, Z. (2016). Soil potassium
deficiency reduces cotton fiber strength by accelerating and shortening fiber
development. Scientific Reports, 6(1), 28856. https://doi.org/10.1038/srep28856



https://doi.org/10.1002/jctb.5357
https://doi.org/10.1515/opag-2018-0030
https://doi.org/10.4148/1051-0834.2207
https://doi.org/10.2135/cropsci2016.12.1032
https://doi.org/10.1016/j.biocon.2012.01.068
https://doi.org/10.1016/j.compag.2016.06.021
https://www.usda.gov/sites/default/files/documents/CC%20and%20Agriculture%20Report%20(02-04-2013)b.pdf
https://www.usda.gov/sites/default/files/documents/CC%20and%20Agriculture%20Report%20(02-04-2013)b.pdf
https://doi.org/10.1038/srep28856

