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Assessing health in agriculture – towards
a common research framework for soils, plants,
animals, humans and ecosystems
Anja Viewegera* and Thomas F Döringa,b

Abstract

In agriculture and food systems, health-related research includes a vast diversity of topics. Nutritional, toxicological, phar-
macological, epidemiological, behavioural, sociological, economic and political methods are used to study health in the five
domains of soils, plants, livestock, humans and ecosystems. An idea developed in the early founding days of organic agricul-
ture stated that the health of all domains is one and indivisible. Here we show that recent research reveals the existence and
complex nature of such health links among domains. However, studies of health aspects in agriculture are often separated by
disciplinary boundaries. This restrains the understandingof health in agricultural systems. Thereforewe explore the opportuni-
ties and limitations of bringing perspectives together from the different domains. We review current approaches to define and
assess health in agricultural contexts, comparing the state of the art of commonly used approaches and bringing together the
presently disconnected debates in soil science, plant science, veterinary science and human medicine. Based on a qualitative
literature analysis, we suggest that many health criteria fall into two paradigms: (1) the Growth Paradigm, where terms are pri-
marily oriented towards continued growth; (2) the Boundary Paradigm, where terms focus on maintaining or coming back to a
status quo, recognising system boundaries. Scientific health assessments in agricultural and food systems need to be explicit
in terms of their position on the continuum between Growth Paradigm and Boundary Paradigm. Finally, we identify areas and
concepts for a future direction of health assessment and research in agricultural and food systems.
© 2014 Society of Chemical Industry
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INTRODUCTION
More than seven decades ago, the British farmer and campaigner
Lady Eve Balfour publishedwhat becameone of the founding doc-
uments of the organic agriculture movement.1 Her book, entitled
The Living Soil, was written following the publication of several
studies that had shown the effects of diet and nutrition on human
health.2,3 In this context, one of Balfour’s key statements was that
‘the health of soil, plant, animal and man is one and indivisible’.
According to this statement, the promotion and maintenance of
human health, as one of the highest goals of humankind, critically
depends on the health in the other agricultural domains, namely
soils, plants and animals.
Balfour’s indivisibility statement, i.e. that the various domains of

health cannot be separated from each other, can be understood
in two ways. First, it can be interpreted as a non-separation imper-
ative: there can be no overall health in the agricultural system if
there is ill health in any one domain. Studying health, therefore,
always requires referring to the whole system. Whenever health is
considered in one domain, the other domains should not be disre-
garded.
The second interpretation of Balfour’s statement could be called

the connectivity hypothesis. According to this reading, there is a
mechanism that links the health of various domains together,
transmitting health from one domain to another.4 Indeed, Eve Bal-
fourwas involved in a long-termexperiment that attempted to test

this hypothesis of health transmission, the Haughly Experiment.1

Started in 1939 in Haughley Green, Suffolk, UK, this compara-
tive study of organic and conventional food systems assessed the
links between health and nutrition, comparing nutritional values,
vitality and health-promoting attributes of the produced food, in
particular relation to soil fertility and its biological aspects. While
the experiment remained ultimately inconclusive in terms of the
tested hypothesis, both interpretations of the indivisibility state-
ment call for a joint consideration of health in agriculture, bringing
the different domains together.
Traditionally, however, the issues of health have been debated

separately for each domain.4 In this paper we examine the pos-
sibilities and consequences of weaving strands from the differ-
ent domains together. While some efforts have been made in the
recent past to bring animal and human medicine closer together
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through the ‘One Health’ paradigm,5,6 further links among the
domains have been left largely underexplored.
In this task of linking up the different domains of health in

agriculture, a central question is how these domains describe
health, i.e. what criteria and descriptors of health they use. This
question is so essential because the promotion and improvement
of health critically depends on the way in which health is defined,
measured, assessed or monitored.
Looking at the five agricultural domains of humans, animals,

plants, soils and ecosystems,webegin the paper by comparing the
ways in which these domains motivate and justify the promotion
of health in their respective subject. We then give an overview of
current and emerging research questions on health in agricultural
contexts. In the following part we consider the operationalisation
of health, investigating criteria used to assess and describe health
in the five domains with a quantitative survey in the current
scientific literature. Based on the results of this survey, we ask
whether the operationalisation of health should be harmonised
among the five domains. Finally we discuss ways in which data
on health in agricultural systems can be aggregated across these
domains to ultimately arrive at a joint and more comprehensive
assessment of health.

MOTIVATIONS FOR PROMOTING HEALTH IN
AGRICULTURAL CONTEXTS
The issue of justifying health
All activities that refer to health in agriculture, including research
activities and actions for research implementation, have their
own specific motivation. In other words, the goal to maintain,
improve or promote health always follows a rationale. However,
in communications on health research, such rationales are not
always made explicit. As we show here, though, it is important
to do so, i.e. to openly give reasons for the promotion of health,
especially when different domains of health are brought together.
This is mainly because the issue of justification, i.e. the question
why health should be promoted at all, is solved in different ways
by the different domains.

Motivations for promoting health differ among domains
Health, as we are saying, is among the highest goals of humanity.
Many people might read this as referring to human health only. In
fact, human health is subordinate to few other goals, for some not
even to survival. In the other domains, however, the promotion of
health is less absolute, and rationales for promoting health differ.
While the philosophical concepts and arguments in this context
are manifold and complex,7 two broad approaches to justify the
promotion of health can be distinguished in a simplified way.4 In
an anthropocentric view the value of soils, plants and animals is
seen in the services they provide to humankind, and their health
is to be promoted only because of these beneficial services. A
contrasting biocentric perspective recognises values inherent in
the animal, plant, soil or ecosystem, apart from any functions that
may be useful for humanity.
The debates on soil health, plant health, animal health and

ecosystem health gravitate towards different positions on the
anthropocentric–biocentric continuum because of the different
nature of their subjects. For example, less inherent value is often
ascribed to soils than to animals, since animals, but not soils,
are seen as organisms with self-interest. Therefore the predom-
inant, if not the only, justification for protecting soil health is

anthropocentric: it refers to the services to humankind that the
soil provides. These services build on various functions of the
soil (such as supporting agricultural productivity or, interestingly,
supporting plant health). In contrast, the justification for promot-
ing animal health, though often resting on a productivist view,
often has biocentric elements, in arguing with the need to avoid
unnecessary suffering in animals.8

Not only for animal health but also for plant health, the biocen-
tric view constitutes a potential alternative to anthropocentrism.
Plants and animals can be seen to have interests; actions to pro-
mote health in plants and animals would therefore be justified as
being for the sake of the living organism. However, this biocen-
tric view is problematic, partly because one has to justify why the
interests of a plant or livestock animal are preferred over the inter-
ests of a pathogen or pest that is attacking the plant or animal and
damaging its health. This issue is difficult to solvewithout resorting
to anthropocentric reasoning. Therefore, and because the promo-
tion of health in agriculture is oftenmainly based on a perspective
focused on productivity, the mainstream literature justifies plant
and animal health in an anthropocentric way.
Biocentrists cannot explain why pests are less valuable than the

plants and animals they attack. Yet, this argument would not be
valid for the two domains of soils and ecosystems (in the following
considerations we refer to soil, but similar arguments can bemade
for ecosystems). First, there are no direct antagonists to soils,
attacking their health. Second, soils, though containingorganisms,
are not organisms. Nevertheless, there are several weak points
of a biocentric (or, more precisely, non-anthropocentric) view for
justifying soil health. As soils are not individuals, where do they
begin and end? How and to which unit would interests then be
assigned? The soil is difficult to be seen as an entity with interests
in the way of defending its own life.9

On the other hand, a purely anthropocentric view has its draw-
backs too. It may be seen to be too ‘cold-hearted’ and there-
fore may fail to be inspirational, so that it actually does not
result in effective protection of soil health in practice. When soil
health is solely justified with the services that soil provides to
humans, there is indeed the risk that functions associated with
soil health are traded against each other, because the subject soil
has no absolute value in this view. Ironically and paradoxically, a
quasi-non-anthropocentric view may thus lead to a better protec-
tion (in the long term) of human interests. Soil health would be
promoted for the sake of the soil, knowingly accepting the philo-
sophical inconsistency that the soil, although no self-interest can
be attributed to it, has an absolute value. This non-anthropocentric
perspective would introduce an element of caution, care and
restraint in soil management.
So, even in the absence of visible or measurable or

yet-to-be-determined changes to functionality of soil for human
uses, the view that soil health should be promoted for its own sake
can be made valid. With an absolute value assigned to soil and
soil health, independent of functions that are relevant to humans,
there would be less soil loss or destruction.

Joining up the domains
As we have shown, there are different possibilities of justifying
health in the different domains. When health is viewed across
all domains together, i.e. when there is a more holistic view of
health within an agricultural system such as a farm, the justifica-
tions of health need tobebrought together. An example that high-
lights this need is provided by the case of plant growth-promoting
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microorganisms; some species, e.g. Pantoea agglomerans, pro-
mote plant health but negatively affect human health.10

Such conflicts can only be dealt with in an open dialogue among
different disciplines, clarifying the hierarchies of aims. Also, these
conflicts cannot be solved in a theoretical way, once and for all,
but need to be negotiated on a case-by-case basis. It is important
for agents from all domains to understandwhy the health of other
domains is promoted; here the understanding of other domains’
health problems does not so much refer to mechanisms but to
ultimate goals. Only then is it possible to find solutions for a whole
agricultural and food system.

RESEARCHQUESTIONS IN THE INTERSECTION
BETWEEN HEALTH AND AGRICULTURE
The relevance of health in agriculture in the five domains
of health
Health research in agricultural contexts comprises a tremendous
diversity of topics. According tomethodology anddiscipline, these
can be grouped into eight approaches, namely (1) nutritional, (2)
toxicological, (3) pharmacological, (4) epidemiological, (5) cogni-
tive and behavioural, (6) cultural, (7) economic and (8) political
(Table 1). In each of the domains of soil, plant, animal, human and
ecosystemhealth, all of thesemethodological approaches are rep-
resented, with the exception of cognitive approaches to soil and
ecosystemhealth. Not all of these research topics receive the same
level of attention, and the focus of research has shifted substan-
tially over the past few years.
In this very dynamic research area, current research trends

include (1) the relationships between human diet, food sys-
tems and obesity11–13 (following the recognition that humanity
faces a global epidemic of obesity and overweight in both
developed and developing countries and in both adults and
children), (2) the relationship between aging and diet14,15 (fol-
lowing the analysis of current and predicted future demographic
developments of increasingly aging populations), (3) the rela-
tionship between global climate change and health of soils,16

plants,17 animals18 and humans19 and (4) health aspects of urban
and peri-urban farming20,21 in the wake of the global trend
of ever-increasing urbanisation. While these research topics
are responding to external drivers, there are further emerging
research areas that are driven by current advances in research
methods. These include (5) nutrigenomics and individualised
interactions betweengenomeanddiet22 and (6) the epigenetics of
health.23,24

Although these dynamic topics are certain to receive increas-
ing interest over the coming years, and some of them need to be
addressedwith theutmost urgency, it shouldnot be forgotten that
there is a multitude of additional important health-related prob-
lems in agriculture that are still unresolved, includinghealth effects
of agrichemicals,25,26 appropriate housing systems for promoting
livestock health,27–29 contamination of agricultural soils and other
causes of deteriorating soil health, and optimisation of ecosystem
services for the regulation of plant or livestock pests and diseases.
Thus there is still some hard research work to do to deliver

solutions for agricultural practice, comparing different agricultural
management options and different agricultural systems for their
health effects in soils, plants, animals, humans and ecosystems.
These tasks will not go awaywith the emergence of novel research
topics; in research prioritisation it is therefore important not to
exclusively judge research questions on the basis of their novelty.

Linking health research across the domains
There are several ways in which the domains of soil, plant, animal,
human and ecosystem health can be linked up. The most obvious
way of linking the domains is by following one disciplinary topic,
e.g. nutrition, along the production chain, working through all
domains. This can be done by tracking the fate of nutrients (e.g.
nitrogen) and assessing their effects on health in the different
domains.
Another relatively straightforward example of the possibility to

link research across thedomains is to focus on specific toxins.Many
toxins, including heavymetals and certain organic chemicals such
as dioxins, have negative health effects in all five domains.30 Ozone
is another toxin with health effects across domains.31

The benefits of studying the effects of toxins or nutrients in
more than one domain of health are threefold, referring to basic
research, agricultural practice and risk monitoring. First, compar-
ing the response to specific chemicals between microbes, plants,
animals andhumanswill deepen theunderstandingof thephysiol-
ogyof health in all domains. For example, itwas recently found that
the physiological pathways of detecting cadmium are similar in
animals and plants.32 Also, new insights into toxicities of chemicals
in livestockwill help to assess risks for humans; for example, knowl-
edge about toxicokinetics in animals is expected to reduce uncer-
tainties about toxin levels in food.33 Second, managing nutrients
and toxins in agricultural and food systems will inevitably affect
all domains; for a comprehensive assessment of agricultural man-
agement options it is therefore necessary to study effects across
domains. It is also possible that there are interactions among the
domains, i.e. the response of one domain to the nutrient or toxin
affecting the next. Third, the information from feed quality moni-
toring can be included in controls of food quality, thereby facilitat-
ing the application of a risk-based approach through the targeted
analysis of animal products.33

As Table 1 shows, the health links between thedomains aremore
diverse than the material flows of nutrients and toxins through
the food chain, and possibly messier than Eve Balfour may have
anticipated in the 1940s. Here we highlight three additional types
of links.
First,microbial organisms are an important component for deter-

mining health in all domains, in terms of both health promo-
tion and causing ill health. e.g. for diet and human health.14

Well-known cases of linkage between the domains include the
fact that some pathogens are shared by livestock and humans5

and that soil microbes can affect plant health by interfering with
plant resistance against pathogens or nutrient uptake.34 However,
recent research shows thatmicrobial links of the domains gomuch
further than previously thought. For example, microbial species
such as Salmonella enterica that are pathogenic for humans are
also found on fresh food plants.35 Further, the survival of human
pathogenic bacteria in the soil was found to be affected by soil
properties, by manure management36 and by the composition of
the diet fed to the cattle that produced themanure.37 Remarkably,
S. enterica is not only able to ingress and colonise tomato plants,38

but organic soil management was also found to reduce this inter-
nal colonisation.39

Second, the management of biodiversity as a general approach
to solve health problems in agricultural contexts provides a link
of the domains.40 Greater biological diversity has been found
to promote soil health,41,42 plant health,43,44 animal health45 and
human health46 and has been used as an indicator of ecosys-
tem health.47 Linking research across the domains therefore offers
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opportunities to elucidate general mechanisms of how biodi-
versity affects various components of health. At the same time,
synergies and trade-offs of managing biodiversity in agricul-
tural practice can be established in more integrated and more
meaningful ways.
Third, there are structural links associated with the food sys-

tem. For example, increased consumption of meat products has
well-established negative effects on human health;48,49 at the
same time, increased demand for these products has led to more
intensive livestock production, with (indirect) negative effects on
both human and animal health.50 Even plant health and soil
health have been affected by these developments, again indi-
rectly, through the simplificationof crop rotations51 as thedemand
for grain as animal feed has increased, and short-term grass-based
leys used as pastures have largely disappeared from intensive rota-
tions.

ASSESSING HEALTH: DEFINITIONS AND
CRITERIA
Thus far we have dealt with the question of what the research
focus should be when investigating health in agriculture and
food systems, and how health-related research questions can be
enriched by integrating perspectives from the different domains.
Once the research questions and the problem to be tackled are
defined, however, the crucial next step is the operationalisation
of health. How should health be assessed and measured? What
are appropriate criteria of health when dealing with multiple
disciplines? As we show below, the disciplines of soil science,
plant pathology, veterinary science, humanmedicine and ecology
have answered these questions in different ways. First, though, we
briefly explain what we mean by a criterion of health.

The relationship between definitions and criteria of health
In any deeper discussion about the topic of health in agriculture,
there is andwill always be the question ‘What is health?’. Once this
question is raised, theway the discussion often goes is to look for a
definition of health, short and succinct; in other words, a definition
apt for a dictionary. However, because the concept of health is so
complex, it is impossible to give a satisfying dictionary definition
that is not too concise (restrictive) and not too vague (difficult to
operationalise).4

However, to test the connectivity hypothesis (see above) and
also to optimise and improve agricultural and food systems
towards increased health, it is crucial to measure health or, if it
is not measurable, to find an alternative way of assessing health.
We could start with a definition of health and then ask how it
is operationalised, i.e. translated into criteria and then into pro-
cedures for measurement. This would be a top-down approach.
Given the problems of finding a definition of health, however,
the process could also follow a bottom-up approach, i.e. the
‘definition’ of health is at the end of the process, trying to capture
the essentials of the measurement programme. In this case, any
particular health concept can be described meaningfully through
its operationalisation and measuring procedure.
Thus criteria of health are half-way between concretemeasuring

or assessment procedures and an abstract definition of health.
Criteria of health are sub-concepts of health that together form the
concept of health. Useful criteria of health should be translatable
into anoperable procedure that allows the comparison of different
subjects (e.g. different plants or animals).

Criteria of health in the five domains of health
To study what criteria of health are currently used in the five
domains of soils, plants, animals, humans and ecosystems, we
conducted a content analysis of 50 recently published scientific
texts, ten from each domain. The analysis of these texts was used
to gain a first insight into the concepts and ideas used most
frequently to describe and define health in the various domains.
Using the content analysis programme QSR NVivo10, we coded

50 texts of the scientific health literature published mainly
between 2000 and 2013. Sections within the papers were selected
for coding when they defined or described health in their specific
domain. References of all coded papers are given in ‘Supporting
information’. The coding system was developed using 48 terms,
examples being ‘balance’, ‘coping’, ‘immunity’, ‘regeneration’ and
‘tolerance’; for the full list, see ‘Supporting information’. The list of
terms was based on views expressed during an interdisciplinary
and international expert workshop on health concepts conducted
by the authors.52 After NVivo identified and highlighted the pre-
defined terms used in the selected texts, the terms were coded
(scored) on a five-point scale by one of the authors (AV) to rate
how strongly the authors of the selected text describe the term
as a suitable criterion of health (for definitions of scores, see
‘Supporting information’). The coding system was found to be
robust against change of the coding person, following a test of
inter-coder agreement; this was based on the coding of ten papers
by both authors of this paper (AV and TFD). Here we present the
frequency of terms coded with the highest score, i.e. the terms
most clearly used as criteria of health.
According to our analysis, terms used most frequently to

describe health in the 50 papers are partly shared among the dif-
ferent domains; however, there are also considerable differences
(Table 2). The terms ‘function’, ‘maintenance’ and ‘resilience’ are
used in all five domains. Other terms are frequently used in one
domain (‘resistance’ in plant health, ‘sustainability’ in soil health)
but much less frequently or not at all used in the other domains.
Still others were found to be used very infrequently as criteria of
health (such as ‘normality’, ‘coping’, ‘wholeness’) despite there
being a considerable amount of literature on the respective topics.
This indicates that the number of papers analysed here is likely
to be too small to cover the entire diversity of health definitions.
However, this very diversity is also reflected in the analysis, since
we found that overall 40 different terms are used in one way or
another as criteria of health. In each domain the authors of the
selected texts used 20 ormore different criteria to describe health,
with the exception of animal health, where we found only ten
different terms.
As our results show, many of the criteria are not used across all

domains.We interpret this as a sign of domain-specific concepts of
health being used and different ‘languages’ being spoken. There-
fore, setting up a common concept of health for agricultural and
food systems faces difficulties of communication and terminology.
However, the trends identified in this analysis also show that there
are some similarities of concepts and shared criteria to describe
health in the different domains. Our results further indicate and
confirm that one of the most promising might be the concept
of resilience,53 which is among the most frequently used criteria
when considering all domains together.
We can go one step further by classifying the terms used as

criteria of health into three paradigms: (1) the Growth Paradigm,
where terms are included that are, at least potentially, oriented
towards continued growth and increase (‘efficiency’, ‘fitness’, ‘out-
put’, ‘performance’, ‘productivity’); (2) the Boundary Paradigm,
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Table 2. Criteria of health according to a content analysis of 50 papers (ten in each domain: soil health, plant health, animal health, human health
and ecosystem health)a

Number of papers (out of 10)

Term Soil Plant Animal Human Ecosystem Count overall domains

Function 6 3 1 4 3 17
Maintenance 6 3 3 2 2 16
Resilience 2 1 2 3 5 13
Productivity 7 1 2 2 0 12
Capacity 6 1 0 2 3 12
Resistance 3 7 2 0 0 12
Sustainability 7 0 1 2 0 10
Wellbeing 0 0 2 4 3 9
Diversity 3 2 0 1 0 6
Dynamic 3 0 0 1 2 6
Adaptation 1 1 0 3 1 6
Integrity 1 1 0 1 2 5
Complexity 1 2 0 0 1 4
Equilibrium 0 1 0 1 2 4
Survival 2 2 0 0 0 4
Stability 3 0 0 0 1 4
Tolerance 1 1 1 0 1 4
Vitality 3 1 0 0 0 4
Naturalness 0 0 0 1 2 3
Balance 0 1 0 1 1 3
Performance 0 2 0 1 0 3
Recovery 1 0 1 1 0 3
Provision 1 1 0 0 0 2
Efficiency 1 1 0 0 0 2
Immunity 0 1 0 1 0 2
Coping 0 0 0 2 0 2
Normality 0 1 0 0 1 2
Welfare 0 1 1 0 0 2
Homeostasis 0 0 0 1 1 2
Sum over all terms 60 36 16 38 35 185
Count over all terms 21 22 10 23 20 40

a The table gives the number of papers in each domain using the term as a criterion of health; terms listed are mentioned in at least two papers.
In addition, there were terms that are mentioned in only one paper (ecosystem health: wholeness, regeneration, self-maintenance, self-regulation;
human health: resource, restoration, allostasis, self-management; plant health: vigour; soil health: fitness, output) or not mentioned at all (freedom,
harmony, quality of life, self-healing, self-organisation). Overall sums and counts include terms that appeared in only one paper. For references, see
‘Supporting information’.

where terms focus on maintaining or coming back to a status
quo, recognising, at least implicitly, someboundaries of the system
(‘equilibrium’, ‘homoeostasis’, ‘maintenance’, ‘recovery’, ‘regenera-
tion’, ‘resilience’, ‘sustainability’); (3) all other terms that cannot be
assigned to either of the two previous paradigms (e.g. ‘function’,
‘wellbeing’, ‘welfare’).
While this classification is certainly still of a preliminary nature

and needs to be validated for semantic robustness, it may already
help to suggest some differences in the general approaches used
to describe health in the five domains. For example, in soil health
and plant health, criteria appear to be more strongly oriented
towards the Growth Paradigm than in human or ecosystem
health, whereas animal health takes an intermediate position.
The main point here is that the Growth Paradigm and the Bound-
ary Paradigm have dramatically different consequences for the
way health is assessed and therefore also for the ways in which
departures from health will be treated. Therefore we suggest that
scientific health assessments in agricultural and food systems

would benefit from being explicit in terms of their position on the
continuum between Growth Paradigm and Boundary Paradigm.

Harmonising the assessment of health across the domains?
Above we have shown that bringing the domains of health
together in interdisciplinary research projects offers the produc-
tion of new insights and solutions to health-related problems in
agriculture and food systems. Is it also useful to harmonise the
assessment and operationalisation of health across the different
domains? For several reasons, this appears to be difficult. First, the
same words may be used (as criteria of health) but these words
may have different meanings in the different domains (and, on
another level, in different languages). Second, criteria in the dif-
ferent domains are necessarily somewhat independent from each
other, because they need to take into account the particularities
of each domain. A good example is welfare in animal health: this
concept cannot be adopted in the domains of soils or ecosystems.
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Despite these difficulties, one benefit of bringing the domains
together by analysing theway theydescribehealth is that it reveals
and may change common thinking about food system output
and underlying paradigms. For example, it may indeed be useful
for soil scientists to know what the criteria are for plant health
or animal health, because it helps them to question their own
criteria in terms of completeness, appropriateness and underlying
paradigms; it adds flexibility and shows that criteria of health are
not fixed in stone; it inspires the use of novel approaches; and it
is necessary in a food system study because clear terminology is
needed, i.e. the differences in the use of words need to be made
explicit to avoid confusion.
Thus criteria of health need to be chosen in accordance with

the domain’s particular requirements. An attempt to use the same
or similar sets of criteria in all domains (in a cross-domain study)
would be pointless or impossible. However, there is the chance
to achieve more clarity and common ground among the domains
by explicitly stating and justifying the paradigms underlying the
chosen criteria. The choice and explicit statement of the paradigm
is important already in single-domain studies, but it is even more
critical in cross-domain research because the choice can have an
effect on the study design, e.g. the experimental set-up.

Synthesis: aggregating and evaluating data from different
domains
The multitude of definitions and criteria of health in each domain
raises the question of how the operationalisation of health in
cross-domain research can avoid arbitrariness and ensure robust-
ness and objectivity. Stakeholder involvement and open dialogue
will be key in achieving these aims. Also, when bringing the differ-
ent domains together, a suitable methodology to aggregate data
is needed. In fact, one of the most important considerations when
collecting and aggregating data from multiple sources and disci-
plines is to ensure that comparable and reliable data are aggre-
gated, that assessments are conducted using the same or compa-
rable units, sample sizes, scales or frequencies, etc. This can pose
immense difficulties when the specific framework is not agreed
upon beforehand, for example when health assessments in differ-
ent domains are undertaken on different levels, in isolation from
other disciplines and without consideration of a potential joint
analysis.
In addition, agreed evaluation strategies of systems or manage-

ment options need to be identified before the research is under-
taken. In the case of interdisciplinary health-related cross-domain
research this is particularly difficult, since multiple criteria are
used and multiple stakeholders may have different views about
the evaluation of results. One possible approach for aggregating
data and arriving at a joint assessment is the use of outranking
methods,54 though other tools are available too.55,56

CONCLUSIONS
One of the main conclusions we draw from our review is that an
intensified interdisciplinarydialogueof relevant disciplines, includ-
ing soil science, plant pathology, veterinary science and human
medicine, is a necessary and overdue step towards a more inte-
grated and more comprehensive understanding of health in agri-
culture. In fact, ifwe take thegoal topromotehealth seriously, then
research in agricultural and food systems will need to completely
refocus. The multitude of health links between soils, plants, ani-
mals and humans calls into question all monodisciplinary research

on health in agricultural and food systems. In interdisciplinary
health research the role of biodiversity, the promotion of benefi-
cialmicrobial communities and the integrated considerationof the
living soil will be key to the success of this approach. An interdisci-
plinary dialogue will not only be needed to clarify the hierarchy of
underlying research aims so that agricultural and food systems can
be designed and redesigned for the health of all, it will also reveal
new promising research avenues to explore the fascinating ways
in which the ‘healths’ of soils, plants, animals, humans and ecosys-
tems are connected. These new insights are urgently needed to
design agricultural systems that use health synergisms between
the different domains.
Finally, a practical rather than purely research-based approach

to a dialogue among domains could further strengthen the com-
munication of health connections and improve health assessment
in agricultural systems and food chains. Here a clear identifica-
tion and demonstration of health effects, links and connectivity
among thedifferent domains is needed.Ultimately, a better under-
standing of health gained through research approaches needs to
be translated and implemented into explicit working methods for
health promotion. This could for example take the formof adapted
rules and regulations for agriculture. If formulated in an applied
and clear form, standards and guidelines can ensure the compre-
hensive integration of health promotion and maintenance into
agricultural practices.
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