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Abstract

The concept of “one health” is gaining strength at a global scale. The term summarizes a notion that has been
known for more than a century: human and animal health are interdependent and linked to the ecosystems in
which they coexist. In the International Year of Plant Health (2020), it is crucial that the agricultural sciences call
attention for the need to consider the health of plants and their microbiome as a whole within the “one health”
concept, closely linked to the health of the soil, the environment, animals and humans. In the context of agroe-
cological production based on the sustainable management of natural resources, integrated pest management
has been promoted to reduce the use of pesticides and mitigate negative effects on human and environmental
health. The combination of genetic resistance with cultural and biological control have contributed to achieving
this goal. The management of the microbiome offers also the possibility of addressing plant nutritional issues
and the continuum between environmental, plant, animal and human health. With its strategic plan and long-
term vision, INIA plays an essential role in the generation of knowledge and technologies, acting in accordance
to the one health approach.

Keywords: ecosystem health, food safety and security, human health, microbiome, soil health

Resumen

A nivel mundial, ha tomado fuerza el concepto de «una sola salud» (one health), que resume una nocién cono-
cida desde hace mas de un siglo: la salud humana y animal son interdependientes y estan vinculadas a los
ecosistemas en los cuales coexisten. Desde las ciencias agrarias, en el Afio Internacional de la Salud Vegetal,
es importante sefalar la necesidad de considerar la salud de las plantas y su microbioma dentro del concepto
one health, intimamente ligado a la salud del ambiente, el suelo, los animales y las personas. En el contexto de
una produccion agroecolégica basada en la gestion sostenible de los recursos naturales, se ha promovido el
manejo integrado de plagas para reducir el uso de plaguicidas y mitigar los efectos negativos en la salud hu-
mana y ambiental. La resistencia genética y el control cultural y biolégico han contribuido a alcanzar esa meta.
El manejo del microbioma permite igualmente abordar aspectos de la nutricidn vegetal, contribuyendo a la salud
ambiental, vegetal, animal y humana. Mediante su plan estratégico con vision de largo plazo, el INIA puede jugar
un rol esencial en la generacién de conocimiento y tecnologias, basando sus acciones en el enfoque de una
sola salud.

Palabras clave: salud ambiental, seguridad e inocuidad alimentaria, salud humana, microbioma, salud del
suelo

Resumo

O conceito de “uma so6 salde” (one health) vem se fortalecendo globalmente. Ele resume uma nogéo conhecida
ha mais de um século: a salde humana e a sanidade animal sdo interdependentes e estdo vinculadas aos
ecossistemas nos que coexistem. No Ano Internacional da Satde Vegetal, € importante que as ciéncias agrarias
salientem a necessidade de considerar a saude das plantas e seu microbioma como parte do conceito one
Health, intimamente ligada a saude do solo, do ambiente, dos animais e das pessoas. No contexto de uma
producéo agroecol6gica baseada na gestédo sustentavel dos recursos naturais, promove-se uma abordagem
integrada de pragas para reduzir o uso de praguicidas e reduzir os efeitos negativos na saide humana e ambi-
ental. A combinag&o entre a resisténcia genética e o controle cultural e biologico tem contribuido para alcangar
esse objetivo. A gestao da microbioma também permite considerar aspectos da nutrigéo vegetal, contribuindo
para a saude ambiental, vegetal, animal e humana. Com seu plano estratégico e viséo de longo prazo, o INIA
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pode desempenhar um papel essencial na geragao de conhecimento e tecnologias, com suas a¢des baseadas
na abordagem de uma sé saude.

Palavras-chave: saude ambiental, seguranca e inocuidade alimentar, saide humana, microbioma, saude do
solo

1. Introduction Figure 1. “One health”, represented by the triad

“Healthy People, Healthy Animals, Healthy Envi-

ronments”, is an approach in which multiple sec-

tors work together to achieve better public health
outcomes

The concept of “one health” is gaining strength
around the world, and it has become more relevant
since the emergence of Covid-19, acting as a re-
minder that many pandemics in human history orig- .
inated from the transmission of animal pathogens to The One Health Triad
human hosts. The concept, introduced in the early
2000s, summarizes a century-old notion: human
health and animal health are interdependent and
bound to the health of the ecosystems in which they
coexist(@), The one-health approach is based on
the design and implementation of programs, poli-
cies, legislation and research carried out coordi-
nately by the different actors involved in human, an-
imal and environmental health in order to achieve
better outcomes in public health and address future
challenges. It has been visually represented in dif-
ferent ways, always including human health, animal
health, environmental health, and their interface®
(Figure 1).

Several international organizations, including the
United Nations and its various agencies —mainly
the Food and Agriculture Organization (FAO), the
World Health Organization (wHO), and the World Or-
ganization for Animal Health (OIE)—, have defined
the concept and developed strategic plans through
comprehensive approach initiatives(Y®), In this
context, the actions to evaluate and mitigate the
risks that threaten public health established in the
tripartite agreement between these organizations
stand out)®), This has allowed the development of
global strategies and tools to ensure a harmonious Original source: Thompson(®
and consistent approach, coordinating human, ani-

mal and environmental health policies at a global

scale.
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2. International Year of Plant Health: pro-
tecting plants is protecting life

Plants and their microbiome —phytobiomes— are
the basis of life on earth. Phytobiomes consist of
plants, their environment, and their associated com-
munities of organisms, which together influence
plant health and productivity®). Plants produce the
oxygen we breathe and provide the food we eat. We
also use them to make clothes, shelter and medi-
cine. Plants are a primary source of income for al-
most half of the Earth's population. Most countries
trade plants and plant products to create wealth and
support economic development. However, the im-
portance of keeping them healthy is often not ade-
quately addressed, which can lead to devastating
results.

Plants are “custodians” of our air, our food and our
environment. A threat to plant health is also a threat
to the health, well-being and prosperity of people
around the world, especially the most vulnerable
ones. The United Nations General Assembly de-
clared 2020 as the International Year of Plant
Health(). This is a perfect opportunity to raise
awareness on the key role of plant health care in
fighting hunger, reducing poverty, contributing to
health and well-being, protecting the environment
and boosting economic development(®).

Resolution A/RES/73/252() reads: “Noting that
healthy plants constitute the foundation for all life on
Earth, as well as ecosystem functions and food se-
curity, and are key to sustaining life on Earth;
Recognizing that plant health is key to the sustaina-
ble development of agriculture to feed the growing
global population by 2030;

Recognizing also that sustaining plant health pro-
tects the environment, forests and biodiversity from
plant pests, addresses the effects of climate
change, and supports efforts to end hunger, malnu-
trition and poverty and boosts economic develop-
ment, and that the protection of plant health from
pests is a key factor in strategies to eliminate hunger
and rural poverty;

Stressing the urgent need to raise awareness of and
to promote and facilitate actions towards the man-
agement of plant health in order to contribute to the
implementation of the 2030 Agenda;

One Health: International Year of Plant Health

Trusting that the celebration of an international year
would encourage actions to promote and implement
activities in favour of preserving and sustaining
global plant resources and raise awareness of the
importance of plant health in addressing issues of
global concern, including hunger, poverty and
threats to the environment; [...]

Decides to declare 2020 the International Year of
Plant Health; [...]".

Plants produce more than 80% of the food we con-
sume (67% human consumption, 24% animal con-
sumption, 9% industry), and are responsible for
98% of the oxygen we breathe®. Food security in-
volves a multidisciplinary approach to agricultural
research, natural resources management and hu-
man resources training, among other factors.

Pests and plant pathogenic microorganisms are re-
sponsible for significant losses in major food crops
(wheat, rice, corn, potato, soybean)®(10), Without
healthy plants, humans do not have healthy foods
to eat. If we do not take care of the sanitary and nu-
tritional management of crops, we will not be able to
produce and supply food in sufficient and sustaina-
ble quantity and quality to feed the growing world
population, to ensure the health and welfare of ani-
mals and people, and to create a more sustainable
planet.

3. One Health from the agricultural sci-
ences perspective

It is crucial that the agricultural sciences call atten-
tion to the need to consider plant health as a funda-
mental pillar of the one health triad (Figure 1). Plant
health is closely linked to soil health, and both are
influenced by the microbial communities that inhabit
and affect them: the microbiome. Microbiomes have
a significant impact on agricultural productivity, and
they are considered the “new frontier” for achieving
the sustainable and sufficient production of food,
feed, and fiber to meet a global population of 9 bil-
lion projected for the year 2050(1)(12), The health of
plants and crops is what sustains global food pro-
duction; plants, by being the primary producers, are
at the base of the food web that feeds the world®)(13),
Protecting plant health means ensuring food safety
and security, which are essential for promoting
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human health and well-being('3). Proofs of this can
be found in historical events such as the epidemic
of late blight in potato (caused by Phytophthora in-
festans), which triggered the Irish famine in 1845
and killed millions of people(*); or the devastation of
crops and pastures caused by locusts, biblical
plagues that are re-emerging with increasing fre-
quency and voracity(15)(16),

In addition to crop loss and famine, the occurrence
of mycotoxins in plant-based food is another global
concern that poses a challenge to food safety('?),
Contaminated food and feed products represent a
major threat to human and animal health(8). Myco-
toxins are toxic secondary metabolites produced by
fungi belonging mostly to the genera Fusarium, As-
pergillus and Penicillium. They can occur in a wide
variety of agricultural products (grains such as
wheat, barley, corn, rice, peanuts), milling products
such as cocoa and coffee, alcoholic beverages and
dairy products. Toxins can be mutagens and its in-
gestion can induce diseases such as cancer and es-
trogenic, gastrointestinal, urogenital, vascular, renal
and nervous disorders. Most countries have imple-
mented regulations to limit the concentration of my-
cotoxins in food and feed products due to their im-
plications for commerce and public health. National
information is reported for almost every agricultur-
ally important mycotoxin, including deoxynivalenol,
trichothecenes, zearalenone, fumonisin, aflatoxin,
ochratoxin and alkaloids(19)(20)(21)(22)(23)(24)(25),

Finally, recent studies have reported that plants can
be carriers of microorganisms harmful to humans,
which points at the plant environment as a reservoir
of opportunistic human pathogens(26)(27),

On the other hand, agricultural practices that base
crop health on the exclusive use of agrochemicals
imply a risk to human health from the direct or indi-
rect exposure to residues in food (28)29)30)31), Agro-
chemicals can also have a negative impact on the
environment. When they affect non-target organ-
isms or compromise the quality of watercourses and
soils, they can “sicken” the agroecosys-
tems(32)33)@4)35)(36)37), This concern has led to the
search for alternative strategies, based once again
on the concept of one health. In the context of
agroecological production based on the sustainable
management of natural resources (soil, water, air,
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biodiversity), Integrated Pest Management (IPm) has
been promoted to reduce the use of pesticides and
mitigate the negative effects on human and environ-
mental health(38)39)40)41)(42), The genetic resistance
of crops to biotic and abiotic stresses(3)#4)45)(46)
used in combination with cultural control(7)8)49)
and biological control50(51) have largely contributed
to achieve this goal. However, large-scale agricul-
ture still relies heavily on agrochemicals.

Demonstrating the effectiveness and reliability of al-
ternative techniques to chemical pest control is one
of the major challenges in the drive to increase the
quality and quantity of food production, while simul-
taneously ensuring a sustainable ecosystem and a
reasonable income for growers®2). Recently, the
concept of Agroecological Crop Protection (ACP)
has gained strength, promoting the development of
technologies for agroecological transitions with an
ecosystemic approach at landscape and regional
levels(52)(53)(54),

Plant health is explicitly mentioned in the definition
of one health provided by the One Health Commis-
sion(®9), which refers to a collaborative, multisec-
toral, and trans-disciplinary approach —working at
local, regional, national, and global levels— to
achieve optimal health and well-being outcomes,
recognizing the interconnections between people,
animals, plants, and their shared environment. Edu-
cation and networking are promoted to improve hu-
man, animal and plant health, and support environ-
mental resilience, through a holistic approach(©).,

Wageningen University and Research (WUR) pro-
poses the “A Global One Health” approach (Fig-
ure 2), reflecting the interconnectivity and global na-
ture of healthcare for humans, animals, plants and
the environment(®6)7), The different components of
an ecosystem are connected through nutrient cy-
cles, and the energy flows that make up the food
web determine the interactions between organisms,
and those organisms and the environment. This
systemic approach is considered essential to pre-
serve food security, public health and biodiversity,
while mitigating the negative impact of climate
change. WUR focuses on four major topics: 1. Health
and infectious diseases; 2. health and the environ-
ment; 3. health and society; 4. health and food(®).
Many of humanity's health risks can be minimized



through effective interventions that provide an ade-
quate and varied supply of food, medicines and vac-
cines, ensure hygiene and vector control, and pro-
mote plant protection.

Figure 2. Representation of “Global One Health” as
defined by Fresco and others®®”): the combined ef-
fort of multiple disciplines to improve the health of
humans, animals and plants, within globally sus-
tainable ecosystems, through an integrated sys-
temic approach resulting in global and transna-
tional policies, research and practices

o
>
=
S
=
S
°
12

)

~

uoj3njon?

Original source: Fresco and others(®)

Queenan and others(®8) add an interesting insight to
the Global One Health ecosystem approach pro-
posed by WUR, arguing that human development
and intervention have generated negative external-
ities for ecosystems, while the loss of biodiversity
and ecosystem services, air and water pollution,
and climate change threaten to reverse public
health gains. There is a need for a change of para-
digm, where it is fundamental to consider an inte-
grated approach to the study of human, animal,
plant and ecosystem health, with a socio-ecological
focus(®®)59), Queenan and others(®8) propose that
the 17 Sustainable Development Goals of the
United Nations Development Program(®® offer a
unique opportunity to work on the concept of one
health, analyzing and reframing its integration and
interdependence®® (Figure 3). Recognizing the in-
terconnections between people, animals, plants and
the environment, this approach promotes actions for

One Health: International Year of Plant Health

the achievement of public health and welfare, with a
long-term vision(8),

Figure 3. Reframing the Sustainable Development
Goals, based on their intended outcomes(®8)

'ONE HEALTH
e

.
//’/Nn'_!uul Environment

> o = N

_ Infrastructures ____

Original source Queenan and others(8)

4. Research challenges in the plant
health area

Each year, diseases and pests are responsible for
average losses of up to 40% in global food produc-
tion, costing the economy more than 220 billion dol-
lars annually®. The health of forests and forested
areas must also be directly addressed, as these re-
sources provide more than 63 billion dollars in eco-
system services, such as climate regulation, waste
treatment, food production and recreation(®).

With land scarcity, crop production intensification
rather than area expansion becomes the primary
option available to feed the world. Well-managed
ecosystems are essential for ensuring a healthy re-
source base on which to intensify sustainably to
warrant that enough food is produced.

There is a need for increased investment in re-
search and communication capacities that focus on
plant health to mitigate the damage caused by pests
and diseases, and to promote the health of the soil
as a source of nutrients®(1"). It is also necessary to
strengthen the training of human resources in the
area of plant health, incorporating the concept of
one health to the new generations.

Agrociencia Uruguay 2020;24(NE2)
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The various actors involved —including govern-
ments, industrial sectors, civil organizations, aca-
demia, scientists and society as a whole— need to
take coordinated actions. Scientific innovation
should be encouraged in order to address pest
threats and promote responsible practices that re-
duce their spread. Increased support from the public
and private sectors is essential to implement more
sustainable plant protection and nutrition strategies.
Production systems based on genetic strategies
and cultural and ecological practices for health and
nutritional management should be promoted in or-
der to mitigate the risks to human and ecosystem
health associated with the use of pesticides and fer-
tilizers(62),

Climate change, human activities, and their conse-
quences on ecosystems directly affect plant health,
reducing biodiversity and contributing to the occur-
rence of new or re-emerging pests. This requires a
continuous effort to develop new technologies in the
service of health management. Examples of suc-
cessful national and regional technologies (molecu-
lar marker assisted selection, transgenesis and ge-
nome editing, simulation models, early warning sys-
tems, smart apps) are reported by Arruabarrena
and others®"), Blanco and others(2), Boschi and
others(®), Feingold and others(®), Leoni and oth-
ers(®), Stewart and others(®®), and Simeto and oth-
ers(67),

Modern tools and disciplines (genetic engineering
and gene editing, genomics, transcriptomics, bioin-
formatics, biostatistics) can be used to improve
traits in crops and to select beneficial microorgan-
isms to act as plant growth promoters or biological
control agents®)69(70)71), The application of these
tools contributes to developing cultivars resistant to
diseases, pests and environmental stress, improv-
ing the quality and nutritional content of crops, in-
creasing the efficiency of soil nutrient uptake, and
enhancing sustainable crop production.

International trade and the increased movement of
people also pose a threat, favoring the spread of
pests and increasing the need to develop rapid di-
agnostic methods for their identification, and geno-
typing techniques for phytopathogenic strains®)(2),
As in human and animal health, prevention is much
more effective than dealing with epidemics.

Agrociencia Uruguay 2020;24(NE2)
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In Uruguay, the disciplines associated with plant
health, such as phytopathology, entomology, weed
science and bird pest management, have contrib-
uted significantly to prevent losses in food and feed
yield, quality and safety, as well as in other areas
such as forestry. Microbiology, soil biology and
other disciplines associated with soil sciences and
crop nutrition also contribute to the preservation of
plant health and must be prioritized within the one
health framework.

5. INIA's contributions to plant health and
environmental health

With several national research programs, the Na-
tional Institute for Agricultural Research (INIA) has
made significant contributions to the study of plant
and environmental health across the various disci-
plines in which it operates(73). For over a century,
INIA and its predecessor (Alberto Boerger Agricul-
tural Research Center, CIAAB) have contributed to
plant health by generating knowledge and providing
innovative and integrated strategies and technolo-
gies that promote safe phytosanitary and nutritional
management for human and animal health in an en-
vironmentally friendly manner(74). INIA works with a
multidisciplinary and inter-institutional approach to
contribute to the design of resilient agricultural sys-
tems, favoring biological processes mediated by
beneficial microorganisms and low external in-
puts(3). This institute has made notable historical
contributions by generating knowledge in the follow-
ing areas(7):

* Creation and release of cultivars with genetic re-
sistance to diseases, pests and environmental
stress in the different plant breeding programs of the
institution;

* Integrated Pest Management with an ecosystemic
approach, combining strategies and practices to
produce healthy crops with the promotion of biolog-
ical alternatives that minimize the use of pesticides
and fertilizers;

* |dentification of agronomic practices that minimize
the incidence of diseases and pests, promoting the
spatial and temporal diversity of crops and soil bio-
diversity through crop-pasture rotations and/or
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green manure cover crops (e.g., long-term experi-
ments);

+ Strengthening disease and pest monitoring,
through knowledge of predisposing conditions and
risk assessment to provide early warning systems;

* Increased crop production in a sustainable man-
ner.

INIA’s  National Research Programs of Rainfed
Crops, Pastures and Forages, Rice, Citrus, Fruit,
Horticultural and Forestry Production have devel-
oped capacities and strengths in each thematic area
at regional and national levels(73. The focal points
of these programs include the genetic improvement
of soybeans, wheat, barley, rice, vegetables, fruit
trees, citrus, forage and forest species; the charac-
terization of the nutraceutical potential of fruits and
vegetables; the strategies for pest and disease
monitoring and surveillance; the integrated pest
management in extensive, intensive and forestry
production systems; the biological control of pest
and diseases in vegetable, fruit and forestry crops;
the sanitation of varieties and rootstocks; the inte-
grated management of weeds and their resistance
to herbicides; the management of pest birds, and
the nutrition of pastures and agricultural, horticul-
tural, citrus and forestry crops.

Likewise, since the creation of the Production and
Environmental Sustainability Program in 2006, INIA's
research and innovation proposals have contributed
to answer questions and solve problems related to
sustained agricultural production and the health of
natural resources —soil, water, atmosphere and bi-
odiversity (animals, plants and microorganisms)—
as the basis of our ecosystems(73). The program has
developed capacities and strengths in the following
thematic areas: the design and assessment of new
sustainable agricultural systems, promoting an effi-
cient and responsible use of natural resources, soil,
water, air and biodiversity; the development of bio-
logical products for agricultural use based on bene-
ficial microorganisms; microbiome and soil health;
mitigation strategies for greenhouse gas emissions
and carbon footprint of production systems; water
resources management, water quality and irrigation;
long-term rotation platforms.

One Health: International Year of Plant Health

At the Bioinputs Platform (Plataforma de Bioin-
sumos), we work on the identification, characteriza-
tion, bioproduction and formulation of microbial
strains for their development as agricultural bioin-
puts, to be used in plant protection and plant nutri-
tion. The resulting knowledge promotes more envi-
ronmentally-friendly technologies that contribute to
meeting the demands of world markets for safe,
high-quality food with restricted use of agrochemi-
cals. Likewise, the generation of knowledge favors
agricultural interventions based on an ecological vi-
sion of the production systems(7s). The biotechno-
logical developments contribute to biological control
programs for insect pests and diseases, as well as
to nutritional management programs for forestry,
agricultural and forage crops(’8). The rhizosphere
and soil microbial communities, as well as the en-
dophyte microorganisms and plant symbionts, col-
lectively called microbiome, play an essential role in
maintaining soil and plant health, and therefore the
health of the global ecosystem. This occurs be-
cause microorganisms play a fundamental role in
the cycling of nutrients and soil fertility, and in the
suppression and control of crop diseases and pests.
For this reason, the focus of our work is on the mi-
crobiome, characterizing microbial diversity and the
multiple functions it performs in agroecosystems
(Figure 4).

Particular emphasis has been placed on beneficial
microorganisms that provide fundamental nutrients
to plants, reducing the need for synthetic fertilizers.
Such is the case of rhizobia that allow biological ni-
trogen fixation through symbiosis with leguminous
plants, or bacteria that facilitate the absorption of as-
similable forms of phosphorus(7)(8), In addition,
work is underway to identify strains of antagonistic
microorganisms and plant growth promoters (PGPR)
for the development of biological pest and disease
control agents, which will reduce the need for syn-
thetic pesticides(79)(€0)@1)82)83), Research has deter-
mined the agricultural practices that shape soil mi-
crobiomes to optimize ecosystem services by re-
ducing nutrient and agrochemical pollution in the
environment(#7)“8)(75),

Interactions within microbiomes have profound ef-
fects on soil, plant and agroecosystem health, which
in turn impact soil fertility, crop yields, and food qual-
ity and safety(1284). Microbiome organisms form

Agrociencia Uruguay 2020;24(NE2)
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complex networks that are regulated through nutri-
ent cycling, competition, antagonism, and chemical
communication mediated by a diverse array of sig-
nalling molecules®. An understanding of microbi-
ome structure and functions will lead to new biolog-
ical, chemical, and breeding strategies to improve
crop health and productivity.

Rattan Lal, winner of the 2020 World Food Prize,
has evidenced that soil health is intricately linked to
human health and well-being, and thus, relates
closely to the Sustainable Development Goals and
is key to their achievement(®4). He clearly states that
the health of sail, plants, animals, people and eco-
systems is one and indivisible(®4).

Figure 4. The concept of one health provides the
framework for research at INIA's Bioinputs Platform
(Production and Environmental Sustainability Pro-

gram)

One health concept

Human health
Food security and food safety

. LY -
Plant protection apj -&  Plant nutrition
P Animal health pion ol
oy = =
' | \V lg Nutrient cycling
e s rsmaeg & soil fertility

Microbiome
L microbial diversity

multiple functions

.
Environmental health 1A

The concept of one health has been adopted at iNniA
as a conceptual framework in various research
lines(®), Some of the areas that benefit from working
with this approach, at academic, governmental, in-
dustrial, public-policy and research levels, are: plant
and microbial health; ecosystem health; microbiome
and soil health; water resources health; climate
change and its impacts on plant, animal, human and
ecosystem health (carbon footprint, greenhouse
gas emissions); natural resources management and
conservation; biodiversity; food safety and security;
animal health and welfare; mitigation of antibiotic re-
sistance; education and training of new generations
of one health professionals.
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6. Conclusions

There is a clear and unquestionable continuum be-
tween the health of humans, animals, plants and
their microbiome. The latter is a key and determin-
ing factor for environmental health and the health of
the planet itself. A healthy soil with optimal ranges
of physical, chemical and biological properties is a
prerequisite for the production of healthy and safe
food, feed, fiber, and bioenergy crops. Harvesting
high-yield and high-quality crops improves farm
profitability, the sustainability of production systems,
the quality of life of communities and food security,
thus fighting poverty and preserving public health
and welfare. Demonstrating the effectiveness and
reliability of alternative techniques to chemical pest
control is one of the major research challenges
which would greatly contribute to the health of plants
and their microbiome, based on an agroecological
approach at landscape and regional levels. With a
strategic plan and long-term vision, iNniA plays an es-
sential role in the generation of knowledge and tech-
nologies, acting in accordance to the one health ap-
proach.
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