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Abstract

One Health has been defined as an approach to the pursuit of public health and well-being that recognizes the inter-
connections between people, animals, plants, and their shared environment. In this opinion piece, based on a webi-
nar of the same name, we argue that a One Health perspective can help optimize net benefits from plant protection,
realizing food security and nutrition gains while minimizing unintentional negative impacts of plant health practices
on people, animals and ecosystems. We focus on two primary trade-offs that lie at the interface of plant health with
animal, ecosystem, and human health: protecting plant health through use of agrochemicals versus minimizing risks
to human health and antimicrobial and insecticide resistance; and ensuring food security by prioritizing the health

of crops to maximize agricultural production versus protecting environmental systems critical for human health. We

discuss challenges and opportunities for advancement associated with each of these, taking into account how the
priorities and constraints of stakeholders may vary by gender, and argue that building the capacity of regulatory
bodies in low- and middle-income countries to conduct cost-benefit analysis has the potential to improve decision-
making in the context of these and other multi-dimensional trade-offs.
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Background

One Health has been defined as an integrated, unify-
ing approach that aims to sustainably balance and opti-
mize the health of people, animals and ecosystems. It
recognizes the health of humans, domestic and wild
animals, plants, and the wider environment (includ-
ing ecosystems) are closely linked and inter-dependent
(WHO 2021). However, the concept of One Health is
often discussed in the context of zoonosis control, with
plant health and environmental concerns typically receiv-
ing less attention (Destoumieux-Garzon et al. 2018;
Gibbs 2014).
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In this opinion piece, based on a webinar of the same
name organized by the CGIAR,! we argue that a One
Health perspective, implemented using the tools of cost—
benefit analysis, can help optimize net benefits from plant
protection, realizing food security gains while minimiz-
ing unintentional n impacts of plant health practices on
people, animals and ecosystems. The webinar included
presentations on sustainable intensification; benefits to
plant health, and risks to human health, of using manure
and wastewater to fertilize food crops; Tanzania’s expe-
rience with pesticide regulation; management of plant-
associated food safety hazards where regulatory capacity
is weak; and the role of gender in One Health. It was
attended by over 200 participants from Asia, Africa,

! https://www.cgiar.org/iyoph-2020-webinar-series/one-health-approach/.
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Europe, and the Americas,” with expertise in crop pro-
tection, human nutrition, biotechnology, breeding, medi-
cal sciences, farming systems, gender, and agronomy.
The largest proportion of the group from whom data are
available were drawn from academia (36%), followed by
the non-profit sector (23%), government (20%), and the
private sector while 8% stated “other” sector.®> We draw
on this international and multidisciplinary expertise,
shared through online polls and messages.

Several authors have previously addressed the interac-
tions between plant, human, and animal health. An early
review by Scholthof (2003) focuses on linkages between
agriculture, plant pathology, and human health, including
food availability and food safety with plants as vectors.
More recent work by Al-Sadi (2017) similarly describes
how plant pathogens can reduce food availability and
safety through contamination with toxic compounds.
Rizzo et al. (2021) provide four case studies in which
plant health is directly tied to food security and safety.
Fletcher et al. (2009) point out that linkages that biologi-
cal commonalities in pathogens of plants, animals, and
humans imply an opportunity for scientific advancement,
while a team led by Boa (2015) focuses on the advantages
of joint service delivery, cross-sectoral coordination, and
cross-sectoral learning between plant, human and animal
health.

We build on this body of work by focusing two major
trade-offs at the interface of plant health with animal,
ecosystem, and human health: (1) protecting plant health
through use of agrochemicals versus minimizing risks of
(a) human exposure to pesticide residues and pathogens,
and (b) development of antimicrobial and insecticide
resistance; and (2) ensuring food security by prioritiz-
ing the health of crops to maximize agricultural produc-
tion versus protecting environmental systems critical for
human health. We discuss challenges and opportunities
for advancement associated with each of these, taking
into account how the priorities and constraints of stake-
holders may vary by gender. In line with the CGIAR’s
focus on food systems in low- and middle-income
countries (LMICs), examples are drawn from these set-
tings. We argue that cost—benefit analysis is a key tool
for balancing trade-offs across One Health domains but

2 The countries represented, based on data from 135 participants who either
entered this information through a pre-enrollment form or mentioned their
location in the webinar chat, included: Bangladesh, Benin, Bhutan, Burundi,
Cote d’ Ivoire, Egypt, Ethiopia, France, Ghana, India, Indonesia, Italy, Japan,
Kenya, Malaysia, Mali, Morocco, Mozambique, Nepal, Netherlands, Nigeria,
Norway, Pakistan, Peru, Philippines, Singapore. South Africa, Suriname, Swit-
zerland, Thailand, Tunisia, Turkey, Uganda, United Kingdom, United States of
America, Uruguay.

3 Sectoral information is based on a subset of 87 participants who entered
this information in a webinar registration form.
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is underutilized by regulatory bodies in LMICs due to
resource and capacity constraints, and present examples
of how a One Health perspective can lead to innovation
and synergies in the delivery of plant health and other
services.

Effects of plant health measures on human health
Measures to keep plants healthy can impact human
health both positively and negatively. Pesticides used to
control plant pests can affect human health by disrupting
hormone and immune system function, increasing can-
cer risk, and impaired brain development (Gilden et al.
2010). Use of insecticides can lead to resistance among
vectors of human diseases such as mosquitoes, making
them more difficult to control (Yadouleton et al. 2009).
Pathogens and antimicrobial resistance genes present in
animal manure used as fertilizer, as well as antimicrobials
used in crop production, can be transmitted through the
food chain, leading to antimicrobial-resistant infections
in humans (Jiang et al. 2015; Checcucci et al. 2020).

For many plant health practices, human health, and
ecosystem health, and farmers’ incentives are aligned. For
example, composting and anaerobic digestion of manure
can reduce pathogen prevalence and the risk of antimi-
crobial resistance while increasing the effectiveness of
manure as a fertilizer, though additional labor require-
ments may inhibit adoption (Millner et al. 2014; Ndambi
et al. 2019). Biogas produced through anaerobic diges-
tion displaces the use of wood and fossil fuels for cook-
ing, saving farm families time and money and reducing
smoke inhalation, especially among women (Dohoo et al.
2012).

Strong plant health can prevent contamination of crops
with fungal species that produce dangerous mycotoxins
(Strosnider et al. 2006). Informing farmers about these
health risks while improving access to technologies to
manage them has proven effective, as have market incen-
tives for safer food (Hoffmann and Jones 2021; Magnan
et al. 2021). Motivated by the biological vulnerability of
children and women’s primary responsibility for child
health in many societies, ongoing research investigates
the role of gender in mediating adoption of mycotoxin
control measures (Bauchet et al. 2021).

Heavy metals, which may be present in soils or irriga-
tion water due to upstream industrial activities, livestock
production (through use in veterinary medicine), use
of certain pesticides, or waste disposal (ATSDR 2012;
NASEM 2017), can be absorbed by food crops, contrib-
uting to ill-health and intellectual disability (Gibb et al.
2019). Amendment of soils with organic matter, recom-
mended for its beneficial impact on plant health, can
reduce take-up of heavy metals by plants (Sharma and
Nagpal 2018; Park et al. 2011).
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Other practices, such as the use of low-cost but highly
toxic pesticides, or imprudent antimicrobial use, imply
trade-offs between farmers’ incomes and the public good.
In such cases, policy options include restricting access
to inputs that pose One Health risks, rewarding value
chain actors for responsible practices, and designing and
enforcing appropriate environmental and food safety reg-
ulations. Reflecting the global shift in regulatory practice
toward proactive risk management and away from puni-
tive enforcement (Blanc 2018), rules must be feasible for
farmers to implement. The role of the state should include
capacity building along the value chain and ensuring the
safety and quality of available agrochemicals.

Webinar participants were asked to respond to the fol-
lowing question: Where in food value chains is it most
effective to address food safety threats to human health
from plant health measures? Response options were: (1)
Agrochemical supply chains: restrict availability of the
most toxic chemicals; (2) On-farm: educate farmers,
make safe tech affordable, monitor practices; (3) Influ-
ence consumer choice through labelling at retail; and
(4) At the household level through consumer educa-
tion. Among these options, the majority of the 103 par-
ticipants who responded selected on-farm approaches as
most effective (55%), with 24% indicating restrictions on
the availability of inputs. Fewer (12%) believed consumer
education to be key, and just 9% would rely on consumer
choice through labelling at retail. These responses reveal
an expectation that regulatory action, as opposed to mar-
ket mechanisms, are the most promising way to deal with
One Health challenges related to plant health.

Achieving food security while minimizing environmental
harms

Through its environmental dimension, One Health also
frames the complex interaction between human well-
being and plant health at a higher level. Increasing crop
yields through healthy plants is critical to achieving food
security for a growing global population. However, agri-
cultural production also poses threats to environmental
processes that underpin human health. Agriculture con-
tributes 34% of greenhouse gas emissions (Crippa et al.
2021), consumes 84% of fresh water (Shiklomanov and
Rodda 2003), and is the single biggest source of eutrophi-
cation causing nitrogen and phosphorus pollution in
aquatic systems (Galloway et al. 2008; Carpenter and
Bennett 2011). Further, agriculture leads to soil degrada-
tion and erosion (Jie, et al. 2002; Montgomery 2007), and
drives biodiversity loss through encroachment on natural
areas (Norris 2008), disrupting ecosystems, and thereby
increasing the risk of new emerging zoonotic pathogens
(Gibb et al. 2020).
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This underscores the importance of sustainable agri-
cultural intensification for One Health, i.e. increasing
production from the same area of land at lower environ-
mental costs (Garnett et al. 2013; Godfray et al. 2010).
Sustainable agricultural intensification can be achieved
through two approaches; (1) improved efficiency of
inputs through soil and water conservation and ration-
alized use of fertilizers and pesticides; and (2) system
re-design, for example, using agroecological or organic
principles (Pretty et al. 2018), or breaking from trends
of increasing specialization, industrialization and com-
mercialization and moving instead toward integration of
crops and livestock (Ramankutty et al. 2018). Research
has revealed trade-offs between food production and
associated plant health measures, and environmental
impacts under both approaches. Increased efficiency of
conventional systems could increase food production by
30% per land area (Mueller et al. 2012), reducing pres-
sure to convert additional land into agriculture—but at
the cost of higher greenhouse gas emissions and pollu-
tion, greater water use, and negative impacts on biodi-
versity. Organic systems imply reverse trade-offs, with
19-25% lower food production per land area compared
to conventional systems, but less environmental damage
within cultivated areas (Seufert and Ramankutty 2017).
Environmental trade-offs also dominate narratives
around livestock production systems, which play key
livelihood functions in low- and middle-income coun-
tries (Paul et al. 2020).

Interventions to encourage plant health practices that
better balance ecological concerns and food production
will need to consider the constraints, needs, and moti-
vations of farmers, including those mediated by gender.
Increasing the ranks of female extension workers, and
holding trainings at times when women can attend, for
example, show promise for increasing female farmers’
access to agronomic training (Quisumbing and Pan-
dolfelli 2010). There is a great diversity of gender roles
and constraints across localities and ethnic groups and
along agricultural value chains requiring different strat-
egies to empower female stakeholders (FAO 2010; Ola-
woye 2018). Webinar participants made the point that
farmers and other stakeholders of limited means, and
women in particular, may not have the luxury of prior-
itizing environmental sustainability. This points to the
need for external financing, perhaps through interna-
tional green development or climate funds, to promote
ecologically sustainable agricultural practices.

Discussions during the webinar underlined the need
to develop approaches that mitigate the trade-offs
among human, ecosystem, and animal health goals,
and research to inform choices among imperfect
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Table 1 Poll options, share of responses, and total number of votes per pair
Option 1 (proportion of votes) Option 2 (proportion of votes) Number
of votes
1 Food security is my priority (33%) A healthy planet is my priority (67%) 39

2 We need to increase food production by 2050 to feed a growing
population (67%)

3 Technological improvements will lead to a sustainable balance (30%)

We grow enough food already to feed 10 billion people (33%) 12

Food sovereignty and agroecological agriculture are key to 57
finding the balance (70%)

alternatives. Participants were asked to indicate which
option within each pair of statements shown in Table 1
they identified with most strongly.

As shown in the table, participation in this poll was
low and overall and varied across questions, perhaps
indicating uncertainty between the options presented.
Of the 39 participants who chose one of the first pair
of statements, two thirds prioritized environmental
concerns above food security. Of the twelve who chose
one of the second, two thirds believed that increased
food production would be needed to feed a growing
population as opposed to relying solely on redistribu-
tion. However, there was skepticism that technological
improvements alone would lead to a sustainable bal-
ance between these goals, with 70% of 57 participants
indicating that food sovereignty and agroecological
agriculture are needed to achieve a balance.

Operationalizing a one health approach
The One Health perspective has two principal advan-
tages in tackling the complex challenges described above.
First, it encourages the consideration of costs and benefits
across multiple domains. Second, it can facilitate innova-
tion in service delivery by bringing together experts from
different sectors. This may include the transfer of service
delivery models from one sector to another, or the identi-
fication of synergies across plant health and other sectors.
Related to the first of these, cost—benefit analysis (CBA)
is a critical tool for the operationalization of a One Health
approach. CBA is routinely used by governments of high-
income countries to quantify and compare the costs and
benefits of public investments and regulatory changes
across domains including human health, environmental
quality, and income (OECD 2018). Application of CBA
to animal health is relatively rare, due at least in part to
measurement challenges (Harrison 1996). While CBA is
commonly used in the context of plant health to consider
the impacts of pesticide use on human health or the envi-
ronment, plant health is not typically considered as an
outcome in its own right. Inspired by the Global Burden
of Disease program for human health, the Global Burden
of Crop Loss initiative and Global Burden of Animal Dis-
eases (GBADs) Programme aim to develop standardized

systems for the measurement of the economic costs asso-
ciated with plant and animal disease, respectively (Fine-
gold et al. 2019; Huntington et al. 2021). These efforts can
facilitate the inclusion of animal and plant health burdens
in decisions that involve trade-offs across these domains.
As trade-offs are expected to depend critically on inten-
sity of exposure to environmental hazards, food security
status, and income levels, all of which vary widely across
countries, there is a need for context-specific analysis and
thus greater capacity for CBA in LMICs.

On the second point, collaboration among experts in
diverse fields related to One Health has the potential to
lead to innovations in plant health service delivery and
to leverage synergies across sectors. Plant health clin-
ics established in Bangladesh, Bolivia, Nicaragua, and
Uganda by CABI’s Global Plant Clinic are one exam-
ple. Inspired by models of human health delivery, these
clinics are held at central locations such as markets and
staffed by extension workers who offer advice on plant
health problems and also respond to farmers’ questions
regarding animal health (Boa et al. 2015). This model
aims to increase coverage and quality of plant health ser-
vices, and to expand farmers’ access to these services.

Conclusion

The effects of plant health practices on human health
are important but often excluded from intersectoral
coordination under the banner of One Health. Incorpo-
rating plant health into One Health discussions implies
a stronger emphasis on ecological health through the
trade-off between food security and planetary bounda-
ries. As with other aspects of One Health, its value for
plant health is to create more inclusive approaches to
evaluating plant protection interventions that address
agricultural needs, but also realize co-benefits with eco-
system, animal, and human health. Efforts underway to
improve and harmonize the measurement of animal and
plant health burdens are expected to facilitate the inclu-
sion of these domains in quantitative analyses of the
trade-offs identified in this paper. Such analysis requires
significant resources and skill, and results are expected to
vary widely across contexts. Investment in the capacity of
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regulatory bodies in LMICs to conduct cost—benefit anal-
ysis of One Health problems should be prioritized.

Acknowledgements

We are indebted to the participants in the webinar, A One Health Approach
to Plant Health, for contributing their perspectives, and to Catherine Njuguna,
Katherine Lopez, and Xenina Ibabao, without whom the webinar would not
have been possible.

Author contributions

VH convened the webinar on which this article is based and led writing of the
manuscript; all authors contributed material to the webinar; BP, TF and AM
contributed sections to the manuscript, NR, AM, JO, RD, NH, PB, RD, ND, PB,
and JH provided comments on the draft manuscript. All authors approved the
final version. All authors read and approved the final manuscript.

Authors’ information

Dr. Vivian Hoffmann is a Senior Research Fellow at the International Food
Policy Research Institute and Adjunct Research Professor, Department of Eco-
nomics and School of Public Policy and Administration, Carleton University.
Her current research focuses on the adoption of agricultural technology to
improve food safety and increase productivity, and on consumer demand for
and regulatory enforcement of food safety in low-resource settings. Hoffmann
holds a Ph.D. in Agricultural Economics from Cornell University. She has served
on the faculty of the Department of Agricultural and Resource Economics

at the University of Maryland, College Park and as an Associate Editor of the
American Journal of Agricultural Economics.

Dr. Birthe Paul is a Scientist at the Alliance of Bioversity International and the
International Center for Tropical Agriculture (CIAT), based in Nairobi, Kenya
since 2011. Her current research focusses on understanding ex-ante multi-
dimensional impacts and trade-offs of innovative practices in smallholder
agricultural systems, combining modeling, experimental and participatory
approaches. Birthe obtained a PhD in Production Ecology and Resource Con-
servation, and a MSc in Environmental Sciences from Wageningen University.
She has more than 13 years experience working in agricultural research for
development in Africa, South-East Asia and Latin America, contributing to
targeting and prioritization of interventions for sustainable intensification.

Dr. Titilayo Falade is an Associate Scientist at the International Institute of
Tropical Agriculture. She has worked on mycotoxin research since 2010, con-
tributing to the development of several African aflatoxin biocontrol products
under the generic name Aflasafe that are used for aflatoxin management. Her
current research interests are in mycotoxin management and rapid detection
of food adulterants using non-invasive techniques. She obtained her Ph.D.
from the University of Queensland, Australia. She serves as a member of the
Gender Science Network and Internal Review Board for research ethics at IITA;
and is a member of the Review Board for Agronomy journal.

Dr. Arshnee Moodley is a microbiologist with 18 years of experience within
antimicrobial resistance, primarily focusing on AMR in food producing and
companion animals and the zoonotic aspects of AMR. She leads the CGIAR
Antimicrobial Resistance Hub that was launched in 2019 to support the
control of agriculture-associated AMR risks in low- and middle-income coun-
tries. She is also an Associate Professor at the Department of Veterinary and
Animal Sciences, University of Copenhagen, Denmark.

Dr. Navin Ramankutty is Professor and Canada Research Chair in Global Envi-
ronmental Change and Food Security at the University of British Columbia. His
current research uses global data and models to explore strategies for sustain-
able food systems. He has contributed to international scientific assessments
including the Millennium Ecosystem Assessment, IPCC, and IPBES. He is co-chair
of the Global Land Programme. He is or has been an Associate Editor of Envi-
ronmental Research Letters, CABI Agriculture and Bioscience, Global Food Security,
Land, and Global Ecology and Biogeography. He is an Aldo Leopold Leadership
Fellow. He was awarded the 2020 Wihuri International Prize.

Dr. Janice Olawoye became a Professor of Rural Sociology at the Depart-
ment of Agricultural Extension and Rural Development, University of Ibadan,
where she taught for 38 years until voluntarily retiring in 2016. She served the
University in various administrative and committee capacities including Head
of Department as well as being elected the first female Dean of the Faculty
of Agriculture and Forestry. With extensive teaching and research experience,
Professor Olawoye has developed expertise in social issues related to rural
development and gender issues. She has over 70 professional publications

Page 5 of 7

and has carried out well over 60 research assignments for several national and
international development organizations.

Dr. Rousseau Djouaka is a Senior Scientist working at the International Insti-
tute of Tropical Agriculture (IITA) in Benin, West Africa. Rousseau Holds a PhD in
Vector Biology and currently coordinates the OneHealth Platform for the West
and Central Africa regions. He is a Wellcome Trust Fellow and leads several
research projects on the contribution of agrochemical use to selection for
insecticide resistance, environmental pollution, food contamination, occupa-
tional and human health. His research activities are funded by: Wellcome Trust,
A4NH-cgiar, WHO, NORAD, GIZ and IITA.

Elikana Lekei retired from Tropical Pesticides Research Institute (TPRI) in Tan-
zania after over 30 years of service, ultimately as Principal Research Scientist.
He obtained his PhD in toxicology from the University of Cape Town. He has
published extensively on farmer knowledge, practices, and injuries associated
with pesticide exposure, and has worked in the regulation of pesticides in
Tanzania for many years.

Dr. Nicoline de Haan is the director of the CGIAR GENDER (Generating Evi-
dence and New Direction for Equitable Results) Platform. She is a rural sociolo-
gist by training and has over 20 years of expertise in gender, rural livelihoods,
agriculture, and natural resource management. She worked on One Health
issues during the avian influenza outbreak and is interested in engaging peo-
ple in One Health issues. She has worked and lived in Africa and Asia most of
her life. In her present position she is responsible for leading and consolidat-
ing the work on gender across a consortium of 14 global agricultural research
centers.

Peter Ballantyne is a freelance communications and knowledge sharing
consultant specializing in agriculture, research and development. Previously
head of Communications and Knowledge Management at the International
Livestock Research Institute, his recent work includes facilitating project
design and engagement activities for ILRI and the CGIAR Research Program
on Livestock, assessing publishing and knowledge management activities in
international organizations, running virtual meetings and webinars for CGIAR,
the World Organisation for Animal Health (OIE) and others and serving on the
Board of the Dgroups Foundation.

Dr. Jeff Waage is a Professor of International Development at the London
School of Hygiene and Tropical Medicine. He specializes in developing inter-
sectoral initiatives relating to agriculture, environment and health in low and
middle income countries, and is currently contributing to the international
Agriculture, Nutrition and Health Academy, and the CGIAR's A4NH programme
Jeff is an entomologist and ecologist by training, and former CEO of CABI
Bioscience, head of agriculture and environment departments at Imperial
College London, and founding Director of the London International Develop-
ment Centre.

Funding

CGIAR-affiliated authors'time was covered by the CGIAR Research Program on
Agriculture for Nutrition and Health (A4NH), the CGIAR One Health Initiative,
and the CGIAR Research Program on Livestock, both of which are supported
by contributors to the CGIAR Trust Fund (https://www.cgiar.org/funders).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'International Food Policy Research Institute and Carleton University, ON,
Ottawa, Canada. ?International Center for Tropical Agriculture, Cali, Colombia.
3International Institute of Tropical Agriculture, Ibadan, Nigeria. “CGIAR AMR
Hub, International Livestock Research Institute, and University of Copenha-
gen, Copenhagen, Denmark. *University of British Columbia, Vancouver, BC,


https://www.cgiar.org/funders

Hoffmann et al. CABI Agriculture and Bioscience (2022) 3:62

Canada. ®Independent Consultant, Ibadan, Nigeria. ’Independent Consult-
ant, Arusha, Tanzania. 3CGIAR Gender Platform and International Livestock
Research Institute, Nairobi, Kenya. Independent Consultant, Jedburgh, Scot-
land. "°London School of Hygiene and Tropical Medicine, London, England.

Received: 4 January 2022 Accepted: 13 July 2022
Published online: 29 September 2022

References

Agency for Toxic Substances and Disease Registry (ATSDR). 2012. Toxicologi-
cal Profile for Cadmium. US Department of Human and Health Services.
https://www.atsdr.cdc.gov/toxprofiles/tp5.pdf. Accessed 10 May 2021.

Al-Sadi AM. Impact of plant diseases on human health. Int J Nutr Pharmacol
Neurol Dis. 2017,7:21-2.

Bauchet J, et al. Impacts of pre-harvest and post-harvest treatments on
reducing aflatoxin contamination in smallholder farmers' maize. AEA RCT
Registry. 2021. https://doi.org/10.1257/rct.7067-1.0.

Blanc F, From chasing violations to managing risks: origins, challenges and
evolutions in regulatory inspections. Edward Elgar Publishing. 2018.
https://doi.org/10.4337/9781788112499

Boa E, Danielsen S, Haesen S. Better together: identifying the benefits of a
closer integration between plant health, agriculture and one health. In:
Zinsstag J, Schelling E, Waltner-Toews D, Whittaker M, Tanner M, editors.
One health: the theory and practice of integrated health approaches.
Wallingford: CABI; 2015. p. 258-271.

Carpenter SR, Bennett EM. Reconsideration of the planetary boundary for
phosphorus. Environ Res Lett. 2011;6(1): 014009.

Checcucci A, Trevisi P, Luise D, Modesto M, Blasioli S, Braschi |, Mattarelli
P Exploring the animal waste resistome: the spread of antimicrobial
resistance genes through the use of livestock manure. Front Microbiol.
2020;11:1416.

Crippa M, Solazzo E, Guizzardi D, Monforti-Ferrario F, Tubiello FN, Leip A. Food
systems are responsible for a third of global anthropogenic GHG emis-
sions. Nature Food. 2021;2(3):198-200.

Destoumieux-Garzon D, Mavingui P, Boetsch G, Boissier J, Darriet F, Duboz P,
Fritsch C, Giraudoux P, Le Roux F, Morand S, Paillard C, Pontier D, Sueur C,
Voituron Y. The one health concept: 10 years old and a long road ahead.
Front Vet Sci. 2018;5:14.

Dohoo C, Guernsey JR, Critchley K, VanLeeuwen J. Pilot study on the impact of
biogas as a fuel source on respiratory health of women on rural Kenyan
smallholder dairy farms. J Environ Public Health. 2012. https://doi.org/10.
1155/2012/636298.

FAO (2010) Agricultural Value Chain Development: Threat or Opportunity for
Women’s Employment? Gender and Rural Employment Policy Brief #4
Rome

Finegold C, Ried J, Denby K, Gurr S, Global burden of crop loss. Gates Open
Res 2019:3.

Fletcher J, Franz D, LeClerc JE. Healthy plants: necessary for a balanced ‘One
Health' concept. Veterinaria Italiana. 2009;45:79-95.

Galloway JN, Townsend AR, Erisman JW, Bekunda M, Cai Z, Freney JR,
Martinelli LA, Seitzinger SP, Sutton MA. Transformation of the nitro-
gen cycle: recent trends, questions, and potential solutions. Science.
2008;320(5878):889-92.

Garnett T, Appleby MC, Balmford A, Bateman 1J, Benton TG, Bloomer P, Burl-
ingame B, Dawkins M, Dolan L, Fraser D, Herrero M, Hoffman I, Smith P,
Thornton PK, Toulmin C, Vermeulen SJ, Godfray HCJ. Sustainable intensifi-

cation in agriculture: premises and policies. Science. 2013;341(6141):33-4.

Gibb HJ, Barchowsky A, Bellinger D, Bolger PM, Carrington C, Havelaar AH,
Oberoi S, Zang Y, O'Leary K, Devleesschauwer B. Estimates of the 2015
global and regional disease burden from four foodborne metals-arsenic,
cadmium, lead and methylmercury. Environ Res. 2019;174:188-94.

Gibb R, Redding DW, Chin KQ, Donnelly CA, Blackburn TM, Newbold T, Jones
KE. Zoonotic host diversity increases in human-dominated ecosystems.
Nature. 2020;584:398-402.

Gibbs EPJ. The evolution of One Health: a decade of progress and challenges
for the future. Veterinary Record. 2014;174(4):85-91.

Gilden RC, Huffling K, Sattler B. Pesticides and health risks. J Obstet Gynecol
Neonatal Nurs. 2010;39(1):103-10.

Page 6 of 7

Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence D, Muir JF, Pretty J,
Robinson S, Thomas SM, Toulmin C. Food security: the challenge of feed-
ing 9 billion people. Science. 2010;327:812.

Harrison S. Cost benefit analysis with applications to animal health pro-
grammes: Basics of CBA. Research Papers and Reports in Animal Health
Economics: Working Paper 18. Department of Economics, University of
Queensland. 1996. ISSN: 1322-624X.

HoffmannV, Jones K. Improving food safety on the farm: experimental evi-
dence from Kenya on incentives and subsidies for technology adoption.
World Dev. 2021;143: 105406.

Huntington B, Bernardo TM, Bondad-Reantaso M, Bruce M, Devleesschauwer
B, Gilbert W, Grace D, Havelaar A, Herrero M, Marsh TL, Mesenhowski
S. Global burden of animal diseases: a novel approach to understand-
ing and managing disease in livestock and aquaculture. Rev Sci Tech.
2021;40(2):567-84.

Jiang X, Chen Z, Dharmasena M. The role of animal manure in the contami-
nation of fresh food. In: Advances in microbial food safety. Woodhead
Publishing. 2015, 312-350. https://doi.org/10.1533/9781782421153.3.312

Jie C, Jing-Zhang C, Man-Zhi T, Zi-tong G. Soil degradation: a global problem
endangering sustainable development. J Geog Sci. 2002;12(2):243-52.

Magnan N, Hoffmann V, Opoku N, Garrido GG, Kanyam DA. Information,
technology, and market rewards: Incentivizing aflatoxin control in Ghana.
J Dev Econ. 2021;151: 102620.

Millner P, Ingram D, Mulbry W, Arikan OA. Pathogen reduction in mini-
mally managed composting of bovine manure. Waste Manage.
2014,34(11):1992-9.

Montgomery DR. Soil erosion and agricultural sustainability. Proc Natl Acad
Sci. 2007;104(33):13268-72.

Mueller ND, Gerber JS, Johnston M, Ray DK, Ramankutty N, Foley JA. Clos-
ing yield gaps through nutrient and water management. Nature.
2012;490(7419):254-7.

National Academies of Sciences, Engineering, and Medicine (NASEM),
Chapter 2. Sources of Lead Contamination. In: Investigative Strategies
for Lead-Source Attribution at Superfund Sites Associated with Mining
Activities. Washington: National Academies Press; 2017. https://doi.org/
10.1038/541893-018-0114-0

Ndambi OA, Pelster DE, Owino JO, De Buisonje F, Vellinga T. Manure manage-
ment practices and policies in sub-Saharan Africa: implications on
manure quality as a fertilizer. Front Sustain Food Syst. 2019. https://doi.
0rg/10.3389/fsufs.2019.00029/full.

Norris K. Agriculture and biodiversity conservation: opportunity knocks. Con-
serv Lett. 2008;1(1):2-11.

Olawoye JE. Gender issues and horticulture for improved livelihoods. In: Acta
Horticulturae (Number 1225): Proceedings of the IIl All Africa Horticultural
Congress, edited by 1.0.0. Aiyelaagbe, H.A. Akintoye and 1.B. Adeoye held
on 7-12 August, 2016 at IITA, Ibadan. Published by International Society
for Horticultural Science —(ISHS), Leuven, Belgium, 2018, pp. 65-74

Organization for Economic Cooperation and Development (OECD). Cost-
benefit analysis and the environment: further developments and policy
use. Paris: OECD Publishing; 2018. (10.1787/9789264085169-en).

Park JH, Lamb D, Paneerselvam P, Choppala G, Bolan N, Chung JW. Role of
organic amendments on enhanced bioremediation of heavy metal (loid)
contaminated soils. J Hazard Mater. 2011;185(2-3):549-74.

Paul BK, Butterbach-Bahl K, Notenbaert A, Nderi AN, Ericksen P. Sustainable
livestock development in low and middle income countries—shedding
light on evidence-based solutions. Environ Res Lett. 2020;16:011001.

Pretty J, Benton TG, Bharucha ZP, Dicks LV, Dicks LV, Flora CB, Godfray HCJ,
Goulson D, Hartley S, Lampkin N, Morris C, Pierzynski G, Prasad PVV,
Reganold J, Rockstrom J, Smith P, Thorne P, Wratten S. Global assessment
of agricultural system redesign for sustainable intensification. Nat Sustain.
2018;1:441-6.

Quisumbing AR, Pandolfelli L. Promising approaches to address the needs of
poor female farmers: resources, constraints, and interventions. World Dev.
2010;38(4):581-92.

Ramankutty N, Mehrabi Z, Waha K, Jarvis L, Kremen C, Herrero M, Rieseberg
LH.Trends in global agricultural land use: implications for environmental
health and food security. Annu Rev Plant Biol. 2018;69:789-815.

Ramankutty N, Mehrabi Z, Waha K, Jarvis L, Kremen C, Herrero M, Rieseberg
LH.Trends in global agricultural land use: implications for environmental
health and food security. Ann Rev Plant Biol. 2018;69(1):789-815.


https://www.atsdr.cdc.gov/toxprofiles/tp5.pdf
https://doi.org/10.1257/rct.7067-1.0
https://doi.org/10.4337/9781788112499
https://doi.org/10.1155/2012/636298
https://doi.org/10.1155/2012/636298
https://doi.org/10.1533/9781782421153.3.312
https://doi.org/10.1038/s41893-018-0114-0
https://doi.org/10.1038/s41893-018-0114-0
https://doi.org/10.3389/fsufs.2019.00029/full
https://doi.org/10.3389/fsufs.2019.00029/full

Hoffmann et al. CABI Agriculture and Bioscience (2022) 3:62

Rizzo DM, Lichtveld M, Mazet JAK, Togami E, Miller SA. Plant health and its
effects on food safety and security in a One Health framework: Four case
studies. One Health Outlook. 2021;3:6.

Scholthof K-BG. One foot in the furrow: linkages between agriculture, plant
pathology and public health. Annu Rev Public Health. 2003;24:153-74.

Seufert V, Ramankutty N. Many shades of gray—the context-dependent per-
formance of organic agriculture. Sci Adv. 2017;3(3): e1602638.

Sharma A, Nagpal AK. Soil amendments: a tool to reduce heavy metal
uptake in crops for production of safe food. Rev Environ Sci Bio/Technol.
2018;17(1):187-203.

Shiklomanov IA, Rodda JC. World water resources at the beginning of the 21st
century. Cambridge: UNESCO and Cambridge University Press; 2003.
Strosnider H, Azziz-Baumgartner E, Banziger M, Bhat RV, Breiman R, Brune MN,
DeCock K, Dilley A, Groopman J, Hell K, Henry SH. Workgroup report:
public health strategies for reducing aflatoxin exposure in developing

countries. Environ Health Perspect. 2006;114(12):1898-903.

World Health Organization (WHO), 2021. Tripartite and UNEP support
OHHLEP’s definition of “One Health” December 1 2021, News Release.
https://www.who.int/news/item/01-12-2021-tripartite-and-unep-suppo
rt-ohhlep-s-definition-of-one-health. Accessed 8 May 2022.

Yadouleton AWM, Asidi A, Djouaka RF, Braima J, Agossou CD, Akogbeto MC.
Development of vegetable farming: a cause of the emergence of insec-
ticide resistance in populations of Anopheles gambiae in urban areas of
Benin. Malar J. 2009;8(1):1-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.who.int/news/item/01-12-2021-tripartite-and-unep-support-ohhlep-s-definition-of-one-health
https://www.who.int/news/item/01-12-2021-tripartite-and-unep-support-ohhlep-s-definition-of-one-health

	A one health approach to plant health
	Abstract 
	Background
	Effects of plant health measures on human health
	Achieving food security while minimizing environmental harms
	Operationalizing a one health approach

	Conclusion
	Acknowledgements
	References




