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Abstract. COVID-19 has had an impact on the
regional and worldwide agricultural value chain,
jeopardizing food security. It is time to reassess the
approach of the agri-food sector and to consider
that the food supply and plant health, as agro-
systemic services, must depend on strategies with
a low impact on productive and environmental
assets. One strategy is the use and optimization of
microbial genetic resources (MGR) related to agro-
ecosystems as a source of balance, functionality,
productivity, inhibition of the impact of pests and
pathogens, and contribution to the profitability
of agri-food activity. It is necessary to strengthen

Resumen. La enfermedad COVID-19 ha im-
pactado en la cadena de valor agricola regional y
mundial comprometiendo la seguridad alimentaria.
Es momento de replantear el enfoque del sector
agroalimentario y considerar que el abastecimiento
de alimentos y la sanidad vegetal, como servicios
agroecosistémicos, deben depender de estrategias
de bajo impacto en los activos productivos y am-
bientales. Una estrategia es el empleo y optimi-
zacion de recursos genéticos microbianos (RGM)
asociados a los agroecosistemas como fuente de
equilibrio, funcionalidad, productividad, inhibi-
cion del impacto de plagas y patdégenos, y contri-
bucidn a la rentabilidad de la actividad agroalimen-
taria. Es necesario potenciar y desarrollar sistemas
agricolas regionales que sean dinamicos, mitiguen
dafios ambientales y produzcan alimentos con ca-
racteristicas nutricionales y nutracéuticas que ase-
guren la salud humana. Las ciencias agricolas estan
experimentando cambios de paradigmas cientifi-
cos que beneficiaran el sector agroalimentario si
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and develop regional agricultural systems that are
dynamic, that mitigate damages to the environment
and produce nutritional and nutraceutical foods
that ensure human health. Agricultural sciences
are undergoing changes in scientific paradigms
that will benefit the agri-food sector if we are
able to learn from the impacts of an extensive
technological agriculture. Approaching agriculture
from an agro-systemic point of view in which the
crop-community is the functional biological unit
of study and to preserve the MGR diversity are
the greatest challenges to create sustainable and
resilient strategies and technologies that contribute
towards human health and help prevent risks during
health crises such as the ongoing COVID-19
pandemic.

Key words: SARS-CoV-2, sustainable agriculture,
holobiont, diversity, biodiversity,
conservation.

microbial

Agricultural production and the pandemic

Dr. Tedros Adhanom Ghebreyesus, Director
General of the World Health Organization (WHO),
declared the COVID-19 pandemic, caused by the
SARS-CoV-2 virus as official on March 11th, 2020.
The whole world adopted social distancing as the
main measure for the prevention of contagion,
and the lifestyles of millions of people changed
drastically (Cucinotta and Vanelli, 2020). The
social and economic sectors were the most affected;
however, the greatest challenge has been for the
health and agri-food sectors, since they are the
engine of a world that seems to have been put on
hold (Haleem and Javaid, 2020). The COVID-19
disease currently jeopardizes food security, due to
its impact on regional agricultural value chains,
causing an imbalance between the demand and
availability of food (FAO, 2020a). The situation

somos capaces de aprender de los impactos de una
agricultura tecnologica extensiva. Abordar la agri-
cultura desde una vision agroecosistémica, donde
el cultivo-comunidad sea la unidad bioldgica fun-
cional de estudio, y conservar la diversidad RGM,
constituyen los grandes retos para generar estra-
tegias y tecnologias sustentables y resilientes que
contribuyan a la salud humana y coadyuven a la
prevencion de riesgos ante crisis sanitarias como la
actual pandemia COVID-19.

Palabras clave: SARS-CoV-2, agricultura sosteni-
ble, holobionte, diversidad microbiana, biodiversi-
dad, conservacion

La produccion agricola y la pandemia

El Dr. Tedros Adhanom Ghebreyesus, Director
General de la Organizacion Mundial de la Salud
(WHO, por sus siglas en inglés), declaro oficial la
pandemia COVID-19, causada por el virus SARS-
CoV-2, el 11 de marzo de 2020. El mundo ente-
ro adopto el distanciamiento social como medida
principal de prevencion de contagio y el estilo de
vida de millones de personas cambi6 drasticamen-
te (Cucinotta y Vanelli, 2020). El sector social y
economico fueron los principales afectados; sin
embargo, el mayor reto ha sido para los sectores
de salud y agroalimentario ya que son el motor de
un mundo que parece entro en pausa (Haleem y
Javaid, 2020). La enfermedad COVID-19 actual-
mente compromete la seguridad alimentaria mun-
dial al impactar sobre las cadenas de valor agricola
regionales, causando un desbalance entre demanda
y disponibilidad de alimentos (FAO, 2020a). La si-
tuacion se agrava si consideramos que el escenario
del sistema agroalimentario actual no es sostenible
y su debilitamiento constituye un factor de riesgo
per se y respecto a la salud de los habitantes del
planeta (FAO et al., 2020).
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worsens if we consider that the current agri-food
system scenario is not sustainable and its weakening
is a risk factor per se and in regard to the health of
the world’s inhabitants (FAO ef al., 2020).
Currently, agri-food production is based on the
excessive use of synthetic and/or biologically
manipulated inputs (Chavez-Diaz et al., 2020;
FAO, 2020b; FAO et al., 2020; Francis, 2020;
Siche, 2020), producing intense socioeconomic
and environmental impacts that jeopardize food
security and self-sufficiency:

- Imbalance in the microbial and plant biodiversity
in agro-ecosystems, making food production
difficult.

- Generation of resistance in phytopathogens,
pests and weeds, and in human pathogens, which
limit the yields of crops and puts human health
at risk.

- Limitation in the mitigation and resilience to
climate change.

- Continuous increase of the cost of agricultural
inputs that directly affect the costs of fresh and
processed foods, reducing the purchasing power
of the world’s population.

- Increase in the economic and social polarization
in detriment to small-scale agriculture.

- Deficient diets with inadequate foods or with
traces of agrochemicals (food innocuousness),
putting several sectors of the population at risk.

The ongoing pandemic forces us to reflect upon
the lifestyle humanity has adapted and the way in
which we relate to nature and agro-ecosystems,
as well as to implement alternatives that lead
to environmental and social well-being. This
document discusses a reassessment of the agri-food
sector in the light of the world COVID-19 health
crisis, based on the premise of food provision as
an agro-ecosystemic service. It centers on plant

Actualmente la produccion agroalimentaria se
basa en la utilizacion excesiva de insumos sintéti-
cos y/o biolégicamente manipulados (Chavez-Diaz
etal., 2020; FAO, 2020b; FAO et al., 2020, Francis,
2020; Siche, 2020), ocasionando fuertes impactos
socio-econdmicos y ambientales que comprometen
la seguridad alimentaria y autosuficiencia:

- Desbalance en la biodiversidad microbiana y
vegetal en agroecosistemas, dificultando la pro-
duccidn de alimentos.

- Generacion de resistencia en fitopatogenos, pla-
gas y malezas, y en patdgenos humanos, que li-
mitan el rendimiento de los cultivos y pone en
riesgo la salud humana.

- Limitacion en la mitigacion y resiliencia al cam-
bio climatico.

- Incremento continuo del costo de insumos agri-
colas que directamente afectan el precio de ali-
mentos frescos y procesados dafiando el poder
adquisitivo de la poblacién mundial.

- Incremento en la polarizacion econdémica-social
con detrimento de la agricultura de pequeiia es-
cala.

- Consumo de dietas deficientes, de alimentos in-
adecuados o con rastros de agroquimicos (ino-
cuidad alimentaria), poniendo en riesgo a diver-
sos sectores de la poblacion.

La presente pandemia, nos obliga a reflexionar
sobre el estilo de vida que ha adoptado la humani-
dad y la forma como nos relacionamos con la na-
turaleza y agroecosistemas e implementar alterna-
tivas que generen el bienestar ambiental y social.
El presente documento discute un replanteamiento
del sector agroalimentario frente a la crisis mundial
de salud por COVID-19, partiendo de la premisa
del abastecimiento de alimentos como un servicio
agroecosistémico. Se centra en la fitosanidad, uno
de las areas tecnoldgica-cientifica fundamental en
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health, one of the main technological and scientific
areas in the wholesome production of food, and on
the potential of microbial genetic resources (MGR)
applied to biological control as a source of balance,
functionality, productivity and profitability of agri-
food activities.

The biological
production

component in agri-food

Agroecosystems, artificial ecosystems closely
associated to the biological activity of the soil-
related microbiota (Sahu et al., 2017), and to
plant microbiome, provide ecosystemic services
such as pest regulation, pollination, nutrient
cycling, climate regulation, soil conservation,
supplying water, and the production of foods
and materials, by means of a complex network
of interactions between microorganisms, plants,
animals, environmental conditions and agricultural
practices (Power, 2010). This process, known as
the functionality of agro-ecosystems, depends
directly on the soil biodiversity (Saleem et al.,
2019) and ensures that, for each type of crop and
its specific conditions, there is a key community of
microorganisms in charge of the functionality of the
agro-ecosystem. This is conceived as a microbiome
(Whipps et al., 1988). Currently, from an agri-
food point of view, a microbiome is the set of
microorganisms, their functional genetic material,
ecological niches and the product of its interactions
in an agri-food habitat, under certain conditions in
a specific moment; understanding, however, that
the “‘moment’ is a product of the complex relations
established in time. The microbiomes have a close
relation with the biotope that, under the influence
of abiotic factors throughout time, result in a
functional biological unit, or a holobiont (Berg et
al., 2020; Hassani et al., 2018). Holobionts have
co-evolved with their environment throughout

la produccion sana de alimentos, y en el potencial
de recursos genéticos microbianos (RGM) aplica-
dos al control bioldgico como fuente de equilibrio,
funcionalidad, productividad y rentabilidad de la
actividad agroalimentaria.

El componente biolégico en la producciéon
agroalimentaria

Los agroecosistemas, ecosistemas artificiales
estrechamente ligados a la actividad biologica de
la microbiota asociada al suelo (Sahu ez al., 2017),
y al microbioma de la planta, proporcionan servi-
cios ecosistémicos como la regulacion de plagas,
polinizacién, ciclaje de nutrientes, regulacion del
clima, conservacion del suelo, provision de agua, y
finalmente la generacion de alimentos y materiales,
mediante una red compleja de interacciones entre
microorganismos, plantas, animales, condiciones
ambientales y practicas agricolas (Power, 2010).
Este proceso, conocido como funcionalidad de los
agroecosistemas, depende directamente de la bio-
diversidad del suelo (Saleem ez al., 2019) y asegura
que, para cada tipo de cultivo, y sus condiciones
especificas, existe una comunidad clave de micro-
organismos que se encargan de la funcionalidad del
agroecosistema. Esto es concebido como un micro-
bioma (Whipps et al., 1988). Actualmente, desde
un punto de vista agroalimentario, un microbioma
es el conjunto de microorganismos, su material ge-
nético funcional, sus nichos ecoldgicos, y el pro-
ducto de sus interacciones en un habitat agricola-
alimentario, bajo condiciones determinadas en un
momento especifico; entendiendo, sin embargo,
que ese ‘momento’ es producto de complejas re-
laciones establecidas a lo largo del tiempo. Los
microbiomas tienen una estrecha interaccion con el
biotopo, que, bajo la influencia de los factores abio-
ticos a través del tiempo, resultan en una unidad
bioldgica funcional, es decir, un holobionte (Berg
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time, adapting to adverse weather conditions and to
pathogens, therefore their study represents a source
of opportunities to achieve food security, mitigate
and adapt to climate change and the control of
diseases (Altieri and Nicholls, 2020; Dhar and
Mohanty, 2020; Simon ef al., 2019; Thomashow et
al., 2018). However, a holobiont may be severely
affected by agrochemicals and pesticides such as
bromomethante (a banned biocide), glyphosate,
carbamates and others. In this way, the productivity
of the agri-food sector and the preservation of
the means of production depend on the fine
balance between the characteristics of the crop
in association with its microbiome, based on the
environmental conditions and the management
of the agro-ecosystem (e.g., cultural practices,
varieties used, etc.).

Human well-being and the microbial diversity
in agro-ecosystems

Scientific evidence from the past 30 years
correlates health conditions and diseases of human,
animals and plants, and environmental deterioration
with their respective microbial diversity (Delgado-
Baquerizo et al., 2020; Trivedi et al., 2020; Zhang
et al., 2020; Song et al., 2019; Wei et al., 2019;
Park, 2018; Singh and Trivedi, 2017; Wall ef al.,
2015; Cox et al., 2013; Berendsen ef al., 2012;
Heller and Zavaleta 2009; Turnbaugh ef al., 2007).
The microbial diversity of agro-ecosystems has a
direct impact on human health, since it is implied
in multiple biological and productive processes and
factors (Figure 1):

- It increases agricultural yield. It regulates
plant growth factors, facilitates the acquisition
of nutrients and favors resilience to adverse
environmental conditions (Saleem et al., 2019).

- It promotes plant health by regulating plant
pathogen populations and stimulating the

et al., 2020; Hassani et al.,, 2018). Los holobion-
tes han co-evolucionado con su ambiente a través
del tiempo, adaptandose a condiciones climaticas
adversas y a patdgenos, por lo que su estudio re-
presenta una fuente de oportunidades para lograr la
seguridad agroalimentaria, la mitigacion y adapta-
cion al cambio climatico y el control de enferme-
dades (Altieri y Nicholls, 2020; Dhar y Mohanty,
2020; Simon et al., 2019; Thomashow et al., 2018).
Sin embargo un holobionte puede ser severamen-
te afectado por agroquimicos y pesticidas como el
bromuro de metilo (un biocida ya prohibido), glifo-
sato, carbamatos y otros, De esta manera la produc-
tividad del sector agroalimentario y la preservacion
de los medios de produccion dependen del delica-
do equilibrio entre las caracteristicas del cultivo en
asociacion con su microbioma, en funcion de las
condiciones ambientales y el manejo del agroeco-
sistema (p.e., practicas culturales, variedades em-
pleadas, etc.).

Bienestar humano y la diversidad microbiana
en agroecosistemas

Las evidencias cientificas de los ultimos 30
afios correlacionan los estados de salud y enferme-
dades humanas, animales, vegetales y el deterioro
ambiental, con su respectiva diversidad microbia-
na (Delgado-Baquerizo et al., 2020; Trivedi et al.,
2020; Zhang et al., 2020; Song et al., 2019; Wei
et al., 2019; Park, 2018; Singh y Trivedi, 2017,
Wall et al., 2015; Cox et al., 2013; Berendsen et
al., 2012; Heller y Zavaleta 2009; Turnbaugh ez al.,
2007).

La diversidad microbiana de los agroecosiste-
mas tiene un impacto directo sobre la salud humana
al implicarse en multiples procesos y factores bio-
logicos y productivos (Figura 1):

- Incrementa el rendimiento agricola. Regula fac-
tores de crecimiento vegetal, facilita la adquisicion
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Figura 1. Impacto de biodiversidad y agricultura sostenible sobre la salud.

Figure 1. Impact of biodiversity and sustainable agriculture on human health.
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defense system of plants (Trivedi ez al., 2020).

- Itpromotes the functionality of agro-ecosystems
by improving the efficiency of nutrient cycles
(Griebler and Avramov, 2015).

- It conditions, improves and preserves the
productive capacity and the functionality of
soils (Saleem ez al., 2019; Wagg et al., 2014).

- Participating in the retention of water and
having a direct bearing on the quality of soils,
water and air for its ability to biodegrade toxic
compounds (Subedi et al, 2020; Wall et al.,
2015).

- Limiting the microbial load or the proliferation
of harmful pathogens to humans and animals
in fresh foods. It can be established as a part
of the gut microbiota, helping to modulate
immune and inflammatory responses (Belkaid
and Hand, 2014).

It has an impact on the nutritional and
nutraceutical contents of foods (Chandra ef al.,
2020).

- It constitutes a source of molecules of
biotechnological, pharmaceutical and industrial
interest (Rana et al., 2019).

The increase in the microbial diversity in
agro-ecosystems related to yield and plant health
(Singh et al., 2020; Trivedi et al., 2020), to the
beneficial impact of probiotics (Infusino et al.,
2020; Song et al., 2019; Cox et al., 2013) and of
foods with adequate nutritional and nutraceutical
characteristics for human health (Mercado-
Mercado et al., 2020; Ramirez-Vega et al., 2020;
Stanisavljevic ef al, 2020) are strategies that
can translate into resilience and stability for the
prevention of diseases, and even against unfavorable
contingencies such as the ongoing pandemic
caused by the SARS-CoV-2 virus. Age, gender,
chronic diseases, medications, and lifestyle are
some of the risk factors for the state of COVID-19

de nutrientes y favorece la resiliencia ante con-
diciones ambientales adversas (Saleem et al.,
2019).

- Promueve la salud vegetal al regular poblaciones
de fitopatogenos y estimular el sistema de defen-
sas de las plantas (Trivedi et al., 2020).

- Promueve la funcionalidad de agroecosistemas
mejorando la eficiencia del ciclo de nutrientes
(Griebler y Avramov, 2015).

- Acondiciona, mejora y conserva la capacidad
productiva y la funcionalidad de los suelos (Sa-
leem et al., 2019; Wagg et al., 2014).

- Participar en la retencion de agua e incide direc-
tamente en calidad de suelos, agua y aire por su
capacidad de biodegradar compuestos toxicos
(Subedi et al., 2020; Wall et al., 2015).

- Limita en alimentos frescos la carga microbiana
o proliferacion de patdgenos dafiinos para huma-
nos y animales. Se puede establecer como parte
de la microbiota intestinal ayudando a modular
respuestas inmune e inflamatorios (Belkaid y
Hand, 2014).

- Incide en la calidad nutricional y contenido nu-
tracéutico de alimentos (Chandra et al., 2020).

- Constituye una fuente de moléculas de interés
biotecnologico, farmacéutico e industrial (Rana
etal, 2019).

El incremento de la diversidad microbiana en
los agroecosistemas asociado al rendimiento y
salud vegetal (Singh et al, 2020; Trivedi et al.,
2020), al impacto benéfico de probioticos (Infusino
et al., 2020; Song et al., 2019; Cox et al., 2013)
y de alimentos con buenas caracteristicas nutri-
cionales y nutracéuticas sobre la salud humana
(Mercado-Mercado ef al., 2020; Ramirez-Vega et
al., 2020; Stanisavljevic et al., 2020), son estrate-
gias que pueden traducirse en resiliencia y estabili-
dad para la prevencion de enfermedades e incluso
ante eventualidades desfavorables como la actual
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to become serious (Chidambaram et al., 2020). The
nutritional state of people, derived from diets based
on wholesome, quality foods along with nutritional
supplements have been considered crucial in
clinical responses to COVID-19, since they have
a direct effect on the modulation of the immune
system and inflammatory responses, weakening the
impacts of the disease (Aman and Masood, 2020;
Dhar and Mohanty, 2020; Infusino et al, 2020;
Rishi et al., 2020). In this context, and in the light
of the implications of chronic cardiovascular and
metabolic diseases on the clinical seriousness of
COVID-19, the National Public Health Institute,
appointed by the Mexican Secretariat of Health,
managed to promote the labelling of foods with
a regulation that became effective on October
15, 2020, as a strategy to promote healthy eating
(Editor’s note). It is therefore unquestionable that
the agri-food sector and the production of foods
play an essential part in human health, in preventing
diseases and the mitigation of health emergencies
such as the ongoing COVID-19 pandemic.

Dysbiosis in the technified agricultural model

Dysbiosis is a state in which microbiota is
unbalanced, the key niches are not covered and the
complex network of interactions of the agricultural
ecosystem is not functional, leading to a state of
illness (Olesen and Alm, 2016). In this context,
technified agri-food production, based on the
implementation of synthetic inputs to eliminate
plant pathogens, has made the situation worse
since, along with pest organisms, it also eliminates
or affects the beneficial microbiota, and in many
cases, it produces resistance in microorganisms
it intends to eliminate (Thanner er al., 2016).
This strong disruption contributes to mutagenic
processes in the microorganisms, which contributes,
in some environmental conditions, to their abrupt

pandemia causada por el virus SARS-CoV-2. Se ha
declarado que factores como la edad, genero, en-
fermedades cronicas, la medicacion y el estilo de
vida de los individuos, entre otros, son factores de
riesgo para el desarrollo de un estado de gravedad
ante COVID-19 (Chidambaram ef al., 2020). Se ha
establecido que el estado nutricional de las perso-
nas, derivado de dietas basadas en alimentos sanos
y de calidad complementadas con suplementos ali-
menticios, ha sido fundamental en las respuestas
clinicas ante COVID-19, ya que estos inciden di-
rectamente en la modulacion de las respuestas del
sistema inmune e inflamatoria atenuando de los im-
pactos de la enfermedad (Aman y Masood, 2020;
Dhar y Mohanty, 2020; Infusino et al., 2020; Rishi
et al., 2020). En este contexto, y ante la implica-
cion de enfermedades metabdlicas y cardiovascula-
res cronicas en la gravedad clinica del COVID-19,
el Instituto Nacional de Salud Publica, adscrita a
la Secretaria de Salud de México logré promover
el etiquetado de alimentos con una normatividad
que entrd en vigor el 1 de octubre 2020 como una
estrategia para fomentar el consumo de alimentos
saludables (Nota del Editor). Asi, es incuestiona-
ble que el sector agroalimentario y la produccion
de alimentos de calidad tiene un rol esencial en la
salud humana, la prevencion de enfermedades y la
mitigacion de emergencias sanitarias como la ac-
tual pandemia COVID-19.

Disbiosis en el modelo agricola tecnificado

La disbiosis es un estado en el que la microbiota
esta en desequilibrio, no se cubren los nichos clave,
y no es funcional la compleja red de interacciones
del ecosistema agricola, por lo que se conduce al
estado de enfermedad (Olesen y Alm, 2016). En
este contexto, el sistema de produccion agroalimenta-
rio tecnificado, basado en la implementacion de insu-
mos sintéticos para la eliminacion de fitopatogenos,
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or explosive increase, leading to an environmental
imbalance (Figure 2).

Hosts and microorganisms have coevolved in
time to reach highly specialized symbiotic relations.
Both symbionts, immersed in the evolutionary
race, have developed “collaborative” or defense
mechanisms (hosts) and mechanisms that help them
adapt (microorganisms) as mutualists or pathogens
(Hassani er al., 2018; Matveeva et al, 2018).
This coevolution is limited or strengthened by
environmental and anthropogenic conditions, and
it has a considerable effect on the balance between
populations with a higher degree of selective
pressure. In this way, hosts, microorganisms and
other living beings related to the ecological niche
are subjected to a continuous adaptation, necesary
to define their role in the agro-ecosystem (Thrall
et al., 2011) (Figure 2). The main element of the
process of coevolution is genetic reciprocity; i.e.,
when an organism develops a trait as an adaptive
response towards a factor that affects its biological
aptitude, the biological counterpart will respond by
generating another trait or traits which will allow
them to adapt to the new trait developed by the
first organism, and so on (McDonald, 2004). The
generation of these traits or phenotypes is ruled
by different evolutionary forces (Zhan, 2016;
McDonald, 2004), thus hosts, microorganisms and
other organisms related to agricultural systems
coevolve,
anthropomorphic action guarantees time as a factor
of evolution. Under conditions of biodiversity and
ecological balance, for every trait generated, other
traits are produced which weaken it and a balance or

adapting to their surroundings if

state of health can be maintained. Under conditions
of dysbiosis, such as the ones presented in a
technified agricultural system, there are ecological
gaps (e.g., those caused by agrochemicals), which
cause the survival of a small group of individuals,
which find ways to feed themselves, eventually

ha agravado la situacion, ya que ademas de elimi-
nar los organismos plaga también elimina o afecta
la microbiota benéfica, y en muchos de los casos
genera resistencia en aquellos microorganismos
que pretende eliminar (Thanner et al., 2016). Esta
fuerte perturbacion contribuye a procesos mutagé-
nicos en los microorganismos, lo cual contribuye a
que en algunas condiciones ambientales se incre-
menten de manera abrupta o explosiva originando
un desbalance ecoldgico (Figura 2).

Hospederos y microorganismos han co-evolu-
cionado a través del tiempo hasta establecer rela-
ciones simbioticas altamente especializadas. Am-
bos simbiontes, inmersos en la carrera evolutiva
han desarrollado, por parte de los hospederos, me-
canismos ‘colaborativos’ o de defensa, y por parte
de los microorganismos mecanismos que les permi-
ten adaptarse como mutualistas o como patdgenos
(Hassani ef al., 2018; Matveeva et al., 2018). Esta
coevolucion esta limitada o potencializada por las
condiciones ambientales y antropogénicas, y afec-
tan notablemente el equilibrio entre las poblaciones
mediante un mayor grado de presion selectiva. De
esta manera, hospederos, microorganismos y otros
seres vivos asociados al nicho ecoldgico estan suje-
tos a una adaptacion continua necesaria para su de-
finir su rol dentro del agroecosistema (Thrall et al.,
2011) (Figura 2). El proceso de coevolucion tiene
como elemento fundamental la reciprocidad gené-
tica; es decir, que cuando un organismo desarrolla
un caracter como respuesta adaptativa hacia un fac-
tor que afecta su aptitud bioldgica, la contraparte
bioldgica respondera generando otro caracter(es)
que les permitiran adaptarse al nuevo caracter de-
sarrollado por el primer organismo y asi suscesiva-
mente (McDonald, 2004). La generacion de estos
caracteres o fenotipos se rige por diferentes fuer-
zas evolutivas (Zhan, 2016; McDonald, 2004); asi
hospederos, microorganismos y otros organismos
asociados a los sistemas agricolas co-evoluciona
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Figure 2. Effects of the co-evolution in the agroecosystems on the states of biodiversity and of dysbiosis. Figure produced by
the author, based on the schemes by Zhan (2016) and Agrios (2005).

Figura 2. Efectos de la co-evolucion en los agroecosistemas en estados de biodiversidad y de disbiosis. Figura de creacion
propia basada en los esquemas de Zhan (2016) y Agrios (2005).
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leading to a state of imbalance or state of disease
(Figure 2). In addition, cultural practices and
the accelerated biological cycles of technified
agriculture, along with the impact of urbanization,
pollution and climate change on it exert great
selective pressure on certain groups of benefitial
organisms, making their establishment difficult
in both micro and macroenvironments (Figure
2) (Tooker et al., 2020). When analyzing the
technified agri-food sector under this perspective,
it is pardoxical to ask why there are currently
human, animal and plant pathogens that are
resistant to multiple factors, which become more
and more difficult to control with every production
cycle (Tooker et al, 2020; Brown and Tillier,
2011). It is necessary to distinguish between
technified productive systems, generally extensive
monocultures, some of which have transgenic
varieties (e.g. glyphosate-resistant soybeans or
maize that has become pest-resistant due to the use
of gene Bt) and traditional, subsistence or organic
ones, which have a lower or null impact on soil and
plant microbial systems (Editor’s note).

Agri-food production models for nutrition and
health

Since the so-called Green Revolution,
agriculture has obtained higher yields using
techniques that cause an economic and social
imbalance (Chavez-Diaz et al., 2020). Production
yield has increased using water technologies,
nutrients, weed and pathogen control, and the use
of varieties that are generally resistant to biotic
and abiotic factors. However, productivity and the
development of agriculture to guarantee world food
security (Ecker et al., 2011) forces us to search for
productive models and technologies based on the
use of alternatives, which not only maintain the
balance of the microbiota of the agrosystem, but
also increase crop yields, inhibit the growth of

adaptandose a su medio, si la accion antropomor-
fica garantiza el tiempo como factor de evolucion.
En condiciones de biodiversidad y equilibrio ecolo-
gico, por cada caracter generado, se generan otros
caracteres que lo atenuan y pueden mantenerse un
equilibrio, un estado de salud. En condiciones de
disbiosis, como las que se presentan en un siste-
ma agricola tecnificado, existen vacios ecologicos
(p-e., los ocasionados por los agroquimicos), que
ocasionan la sobrevivencia de un pequefio grupo
de individuos, los cuales encontraran formas de ali-
mentarse y que eventualmente conducen a un esta-
do de desequilibrio o estado de enfermedad (Figu-
ra 2). Ademas, las practicas culturales y los ciclos
bioldgicos acelerados de la agricultura tecnificada,
y el impacto de la urbanizacién, contaminacion y
cambio climatico sobre esta, ejercen una fuerte pre-
sion selectiva sobre ciertos grupos de organismos
benéficos, dificultando su establecimiento a nivel
micro y macroambiente (Figura 2) (Tooker et al.,
2020). Al analizar bajo este punto de vista al sec-
tor agroalimentario tecnificado, resulta paradogico
cuestionar porque actualmente se encuentran pato-
genos de humanos, animales y plantas resistentes a
multiples factores, que ciclo con ciclo productivo
resultan mas dificiles de controlar (Tooker et al.,
2020; Brown y Tillier, 2011). Es necesario dife-
renciar los sistemas productivos tecnificados, ge-
neralmente monocultivos extensivos, algunos con
variedades transgenicas (p.e. de soya resistente al
glifosato o el maiz resistentes a plagas mediante
el gen Bt) de aquellos tradicionales, subsistencia u
organicos, los cuales tiene un menor o nulo impac-
to en los sistemas microbianos del suelo y vegetal
(Nota del Editor).

Modelos de produccion agroalimentaria para la
nutricion y la salud

A partir de la llamada revolucion verde, la agri-
cultura ha obtenido mayores rendimientos utilizando
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pests and diseases in plants, allow the conservation
of natural productive assets, contribute to caring
for the environment and benefit humanity from a
comprehensive scheme, including respect for the
productive knowledge and cultural values. These
models include organic agriculture, synchronous
agricultural production, polyculture or mixed crop
systems, minimal tilling, no tilling, and the use of
composting technology, the improvement of soils
with beneficial microorganisms, biopesticides,
nanoparticles or plant extracts, and others (Figure
2).

Synchronic farming communities offer a better
management of resources, the conservation of
means of production and the environment, and they
are economically and socially responsible, since
they provide local and international distribution
chains with stability and resilience (Marsden and
Smith, 2005). The pragmatic application of this
approach is represented in rural cooperatives with
variations, depending on the productive philosophy.

Organic agriculture avoids the use of synthetic
inputs and is based mainly on crop rotations, the
use of animal manure (e.g., chicken manure,
bovine manure, etc.) and crop residues as soil
improvement and nutrient-mobilizing and plant-
protecting biological systems (Patle ez al., 2020).

Conventional tilling modifies the structure
of the soil surface and the continuity of porous
space and reduces the content of organic matter,
therefore it drastically reduces microbiota related
to the agricultural ecosystem (Alonso-Baez et al.,
2011). Other types of tilling have been evaluated to
understand the benefits they provide to the stability
of the soil microbiota; particularly minimum
tilling, which maintains a greater richness and
uniformity of the microbial community, as well as
a functional diversity of microorganisms involved
in biogeochemical cycles (Legrand et al., 2018).

Composts are organic amendement that stimulate
microbiological process for the decomposition of

técnicas que rompen el equilibrio de los agrosiste-
masy que provocan un desvalance econémico y so-
cial (Chavez-Diaz et al., 2020). El rendimiento pro-
ductivo se ha incrementado mediante tecnologias
del agua, nutrientes, control de malezas y fitopato-
genos, y empleo de variedades generalmente resis-
tentes a factores bioticos y abioticos. Sin embargo,
la productividad y desarrollo de la agricultura para
garantizar la seguridad alimentaria mundial (Ecker
et al., 2011), obliga a buscar modelos productivos
y tecnologias basadas en el empleo de alternativas,
que ademas de mantener el equilibrio de la micro-
biota del agrosistema, incrementen el rendimiento
de los cultivos, inhiban el crecimiento de plagas y
enfermedades vegetales, permitan la conservacion
de activos productivos naturales, contribuyan el
cuidado del ambiente y beneficien a la humanidad
desde un esquema integral, incluyendo el respeto a
los saberes y valores culturales productivos. Dentro
de estos modelos, destacan la agricultura organica,
produccion agricola sincronica, sistemas de poli-
cultivo o cultivos mixtos, labranza minima, labran-
za cero, y el empleo de tecnologias de composteo,
mejora de suelos con microorganismos benéficos,
biopesticidas, nanoparticulas o extractos vegetales,
entre otras (Figura 2).

Las comunidades de produccion agricola sin-
cronicas, permiten tener un mejor manejo de los
recursos, la conservacion de los medios de produc-
cion y el ambiente, son econdmica y socialmente
responsables al aportar estabilidad y resiliencia a
las cadenas de distribucion local e internacional
(Marsden y Smith, 2005). La aplicacién pragama-
tica de este enfoque esta representado en coopera-
tivas de produccion rural, con variantes segiin la
filosofia productiva.

La agricultura orgénica evita el uso de insumos
sintéticos y se basa principalmente en rotaciones de
cultivos; uso de abonos de animales (p.e. gallinaza,
bobinaza) y residuos de cultivos como mejorado-
res de suelo y sistemas biologicos de movilizacion
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organic matter when used as a source of carbon
and energy. The main benefits of carbon are the
supply of nutrients, carbon sequestration, the
induction of pest and pathogen suppressiveness,
the improvement of soil structure, biodiversity,
retention of soil moisture and reduction of soil
erosion, and the increase of enzyme activity and
microbial biomass, all of which contributes towards
the increase of crop yields (Martinez-Blanco et al.,
2013). Regarding the use of secondary metabolites
and nanoparticles as biological control products,
there is imprecise or contrasting information on
the effect of these products on the composition of
microbiota related to the soil. However, one can
assume that they exert some type of modification
with a still unevaluated scope.

The integration of strategies is a logical
alternative, but it requires the scientific backup
to optimize the cost-benefit. The combination of
conservation agriculture, bioproducts, composts,
nanoparticles or plant extracts under an organic
agriculture model has displayed promising effects.
The study, validation and implementation of the
combination of several alternative techniques
in agricultural production is a field of action that
can be developed to generate a sustainable form
of agriculture, considering the nutritional and
health needs of the population. However, public
research planning and investment policies must
foster technological development for sustainable
agriculture, that is, creating or optimizing dynamic
regional agricultural systems that mitigate or
damages
technified agriculture and that prioritize the
production of sufficient food with nutritional and
nutraceutical characteristics that ensure human
health (Goicochea and Antolin, 2017). The purpose
is to position agriculture within a holistic context
and recover its humanistic condition (Horrigan et
al., 2002). However, it is worth acknowledging

eliminate environmental related to

de nutrientes y proteccion de plantas (Patle et al.,
2020).

La labranza convencional es una practica que
modifica la estructura de la capa superficial del sue-
lo, la continuidad del espacio poroso y reduce el
contenido de materia organica, por lo que disminu-
ye drasticamente la microbiota asociada al ecosiste-
ma agricola (Alonso-Baez ef al., 2011). Otros tipos
de labranza se han evaluado para conocer los bene-
ficios que aportan a la estabilidad de la microbiota
del suelo; especificamente la labranza minima, la
cual mantiene una mayor riqueza y uniformidad de
la comunidad microbiana, asi como diversidad fun-
cional de microorganismos involucrados en ciclos
biogeoquimicos (Legrand et al., 2018).

Las compostas son enmiendas organicas que
estimulan procesos microobiologicos para la des-
composicion de materia organica mediante su em-
pleo como fuente de carbono y energia. Los princi-
pales beneficios de las compostas son el suministro
de nutrientes, secuestro de carbono, induccion de
supresividad de plagas y patogenos, mejora de la
estructura del suelo, biodiversidad, retenccion de
humedad del suelo y disminucion de la erosion
del suelo, e incremento en la actividad enzimati-
ca y biomasa microbiana, todo lo cual contribuye
al incremento del rendimiento de cultivos (Marti-
nez-Blanco et al., 2013). En cuanto al empleo de
metabolitos secundarios y nanoparticulas como
productos de control bioldgico, existe informacion
imprecisa o contrastante sobre el efecto de estos
productos en la composicion microbioata asociada
al suelo. Sin embargo, se puede suponer que ejer-
cen algun tipo de modificacion cuyo alcance no se
ha evaluado.

La integracion de estrategias es una alternativa
logica, pero requiere el soporte cientifico que per-
mita optimizar el beneficio-costo. La combinacion
de labranza de conservacion, bioproductos, com-
postas, nanoparticulas o extractos vegetales bajo

SPECIAL IsSUE: CoviD-19 AND PLANT HEALTH, NOVEMBER, 2021 245



MExicAN JOURNAL oF PHYTOPATHOLOGY
RevisTA MEXICANA DE FITOPATOLOGIA

FuLLy BILINGUAL

the great political, governmental and geoeconomic
challenges to be overcome on a global, national and
local scale, for both the design and implementation
of'a more sustainable agri-food development (Antle
and Ray, 2020).

Microbial genetic resources for a sustainable
agriculture

One out of every nine people in the world (820
million) suffers from chronic starvation and over 2
million suffer nutritional deficiency (Usher et al.,
2020). In addition to this, the COVID-19 pandemic
has further destabilized global food production and
food security (Khan et al, 2020). In this sense,
the current interruption in the continuous food
supply is an enormous problem, due to the risk of
contagion of SARS-CoV-2 among the staff hired
for the harvest, processing, transportation and
distribution of food (Henry et al., 2020). The same
applies for people who operate the production and
supply of inputs needed for agriculture, leading to
shortages of such as glass, cardboard and wood
needed for containers and packaging, as well as
of fuels, fertilizers, herbicides, pesticides, seeds,
etc. (Marlow et al., 2020). This has led to reduced
incomes for producers, fluctuations in prices and
instability in the supply of basic foods, severely
affecting nutrition worldwide, and a reduction of
up to 22% of the global market.

Thus, the creation and use of easy-access,
efficient, economically feasible, socially fair and
sustainable agro-biotechnology developed by the
same countries is decisive for the production of
foods of high nutritional quality and the reduction
of vulnerable groups, which would guarantee food
security and national sovereignty. Among the most
promising strategies are the use of the genetic
and metabolic diversity of the microbial genetic
resources (MGR) found in agro-ecosystems. This

un modelo de agricultura organica han evidenciado
resultados prometedores. El estudio, validacion e
implementacion de la combinacion de varias téc-
nicas alternativas en la produccion agricola es un
campo de accion que puede desarrollarse para la
generacion de una agricultura sostenible conside-
rando las necesidades nutricionales y de salud de
la poblacion. Sin embargo, las politicas publicas
de planeacion e inversion en investigacion deben
propiciar el desarrollo tecnologia para una agricul-
tura sustentable. Esto es, crear u optimizar siste-
mas agricolas regionales dinamicos que mitiguen
o eliminen los dafios ambientales asociados con la
agricultura tecnificada y que tengan la prioridad
de producir alimentos en cantidad suficiente con
caracteristicas nutricionales y nutracéutica que
aseguren la salud humana (Goicochea y Antolin,
2017). El propésito es posicionar a la agricultura
dentro de un contexto holistico y rescatar su con-
tribucion humanistica (Horrigan ef al., 2002). Se
debe reconocer, sin embargo, los grandes desafios
politicos, gubernamentales y geoecondmicos que
deben superarse a nivel mundial, nacional y local,
tanto para el disefio como para la implementacion
de las vias de desarrollo agroalimentario mas sos-
tenible (Antle y Ray, 2020).

Recursos genéticos microbianos para una agri-
cultura sostenible

En el mundo, una de cada nueve personas, un
total de 820 millones, sufre de hambre cronica y
mas de 2 millones sufre de deficiencia nutrimental
(Usher et al., 2020). Aunado a esto, la pandemia
COVID-19 ha desestabilizado atin mas la produc-
cion de alimentos y la seguridad alimentaria global
(Khan et al., 2020). Actualmente, la interrupcion
del suministro continuo de alimentos es un fuerte
problema debido a la reduccion de actividades por
riesgos de contagio del SARS-CoV-2 entre el per-
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microbiota, as mentioned earlier, is an important
component to maintain the chemical and biological
fertility of the soil. Inside the microbiota is a
group of Plant Growth-Promoting Microorganisms
(PGPM) (Valenzuela-Aragon et al., 2019),
which interact with the crops through direct and/
or indirect action mechanisms, regulating their
growth, the production and quality of products
by increasing the tolerance of plants to abiotic
and biotic stress, improving their nutrition and
generating antagonism against phytopathogens and
some root pests.

Nowadays, and in the light of the ongoing
pandemic, the use of PGPM is an efficient and
sustainable alternative for the agricultural sector
(Chavez-Diaz et al., 2020). The beneficial effect
of PGPM on crops is a result of several microbial
interaction mechanisms with plants, the main
ones of which are (Valenzuela-Ruiz et al., 2018;
Villarreal-Delgado et al., 2018):

- The biological fixation of atmospheric nitrogen
- The solubilization of minerals

- The induction of plant growth regulators

- The mineralization of organic compounds

- The production of antibiotics

- The production of hydrolytic enzymes

- The biosynthesis of siderophores

- The production of exopolysaccharides

- The induction of systemic responses

The use of PGPM has been proven to lead
to increases in the productivity and quality of
foods, reducing economic and environmental
costs produced by the increased use of synthetic
agricultural inputs. For example, Adesemoye
et al. (2009) inoculated a microbial consortium
composed of Bacillus amyloliquefaciens, B.
pumilus and Glomus intraradices on tomato,
(Solanum sp.) planted with 25% less than the

sonal empleado en cosecha, procesamiento, trans-
porte y distribucién de alimentos (Henry et al.,
2020). Asi mismo, en el personal que opera la pro-
duccién y suministro de insumos requeridos para
la agricultura causando desabasto de vidrio, carton
y madera requeridos para recipientes y embalaje, y
de combustibles, fertilizantes, herbicidas, plaguici-
das y semillas etc. (Marlow et al., 2020). Esto ha
generado menores ingresos para productores, fluc-
tuacion de precios e inestabilidad en la provision de
alimentos basicos, afectando severamente la nutri-
cion a nivel mundial, y una reduccion de hasta un
22% del mercado global de alimentos.

La generacion y aplicacion de agro-biotecnolo-
gias desarrolladas por los propios paises, facilmen-
te accesibles, eficientes, economicamente viables,
socialmente justas, y sostenibles es determinante
para la produccion de alimentos de alta calidad nu-
tricional y la reduccion de los grupos vulnerables,
lo que garantizaria la seguridad alimentaria y la so-
berania nacional. Entre las estrategias promisorias
destaca el aprovechamiento de la diversidad gené-
tica y metabdlica de los recursos genéticos micro-
bianos (RGM) presentes en los agroecosistemas.
Esta microbiota, como ya se menciond, es un com-
ponente importante para mantener la fertilidad qui-
mica y biologica del suelo. Dentro la microbiota,
existe un grupo de microrganismos promotores de
crecimiento vegetal (MPCV) (Valenzuela-Aragon
et al., 2019), los cuales interactuan con los culti-
vos a través de mecanismos de accion directos y/o
indirectos, regulando su crecimiento, produccion y
calidad de los productos al aumentar la tolerancia
de las plantas al estrés abidtico y bidtico, mejorar
su nutricion y generar antagonismo contra fitopato-
genos y algunas plagas de raiz.

La actual pandemia, el uso de MPCV represen-
ta una alternativa eficaz y sostenible para el sector
agricola (Chavez-Diaz et al., 2020). El efecto be-
néfico de MPCV en los cultivos es resultado de
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recommended amount of fertilizer with a similar
effect to the conventional fertilization dose. This
consortium improved crop growth, yield, and
nutrient absorption (nitrogen and phosphorous). On
the other hand, Bakhshandeh et al. (2017) reported
that the inoculation of Pantoea ananatis, Rahnella
aquatilis and Enterobacter sp. on rice (Oryza sp.)
seeds significantly increased plant height, foliar
biomass and potassium absorption in leaves, stem
and root. Similarly, Robles-Montoya et al. (2020)
reported that the inoculation of Bacillus cabrialesii,
B. paralicheniformis and B. subtilis on wheat
(Triticum sp.) seedlings significantly increased the
length and dry weight of the aerial section, root
length, stem diameter and the biovolume index.
Similar results were found in B. megaterium and B.
paralicheniformis (Rojas-Padilla et al., 2020).

The wuse of the crop-related microbial
biodiversity through the MGR of the planet is a
sustainable alternative to boost food production
with a high nutritional value, in the light of the
problems related to the ongoing pandemic. In this
sense, the preservation of MGRs is decisive to
preserve the beneficial microbiota found in agro-
ecosystems and to provide authentic, stable and
biosafe biological material for the development of
efficient microbial inoculants (Diaz-Rodriguez et
al., 2021).

Conservation of microbial genetic resources

The conservation of microbial genetic resources
(MGR) is crucial to provide relevant technological
solutions to the problems faced by human society.
The current and future use of these resources is the
most important activity of conservation centers,
germplasm banks and collections of macro and
microorganisms, by means of in situ, ex situ, and
in-factory conservation procedures and strategies,
mainly in world crises such as the COVID-19

diversos mecanismos de interaccion microbiana
con las plantas, entre los que destacan (Valenzuela-
Ruiz et al., 2018; Villarreal-Delgado et al., 2018):

- Fijacion bioldgica del nitrogeno atmosférico

- Solubilizacion de minerales

- Induccion de reguladores de crecimiento vegetal
- Mineralizacion de compuestos organicos

- Produccién de antibidticos

- Produccioén de enzimas hidroliticas,

- Biosintesis de sideroforos,

- Produccioén de exopolisacaridos,

- Induccion de respuesta sistémica

Se ha comprobado que el uso de MPCV incre-
menta la productividad y calidad de los alimentos,
reduciendo costos econdmicos y ambientales, los
dafios directo a la salud humana generados por la
aplicacion excesiva de insumos agricolas sintéti-
cos. Por ejemplo, Adesemoye et al. (2009) inocula-
ron un consorcio microbiano integrado por Bacillus
amyloliquefaciens, B. pumilus y Glomus intraradi-
ces a jitomate (Solanum sp.) cultivado requiriendo
25% menos del fertilizante recomendado con un
efecto similar que la dosis de fertilizacion conven-
cional. Este consorcio mejoro el crecimiento del
cultivo, rendimiento y absorcion de nutrientes (ni-
trogeno y foésforo). Analogamente, Bakhshandeh
y colaboradores (2017) reportaron que la inocu-
lacion de Pantoea ananatis, Rahnella aquatilis y
Enterobacter sp. en semillas de arroz (Oryza sp.)
incremento significativamente altura de planta, la
biomasa foliar y la absorcidon de potasio por hojas,
tallo y raiz. De manera similar, Robles-Montoya et
al. (2020) reportaron que la inoculacion de Baci-
llus cabrialesii, B. paralicheniformis y B. subtilis a
plantulas de trigo (7riticum sp.) incremento signifi-
cativamente la longitud y peso seco del dosel aéreo,
longitud de raiz, diametro del tallo, y el indice de
biovolumen. Similares resultados fueron encontrados
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pandemic (Khoury et al., 2010; Mishra et al., 2020;
Sung and Hwang, 2015). Mexico has made an
effort, in the past 20 years, to establish conservation
and investigation centers or laboratories with high-
end, specialized human resources (Ayala-Zepeda
et al., 2021, in this section) (Figures 3, 4). This
effort includes the National Genetic Resource
Center of the National Forestry, Agriculture and
Livestock Research Center (Centro Nacional de
Recursos Genéticos del Instituto Nacional de
Investigaciones Forestales Agricolas y Pecuarias,
or CNRG-INIFAP). The CNRG is the first center of
its kind in Mexico with the mission of conserving
and preserving the MGR of the country related to
the agri-food sector to guarantee the well-being
of present and future generations. It has been
estimated that the CNRG will be the world’s most
complete beneficial microbe and plant germplasm
bank in the world (SADER, 2016) (Figure 3).

The activities of the Microbial
Resources Laboratory (Laboratorio de Recursos
Genéticos Microbianos) of the CNRG-INIFAP
include the constant search for microbial genetic
resources of agricultural interest, which are
identified using different
techniques,

Genetic

characterized and
microbiological valued for their
possible agrobiotecnological use or as taxonomic
reference material, and the study of biodiversity in
the agroecosystems from the application of omic
sciences.

Fifty percent of the planet’s living biomass is said
to be of microbial nature, and although its empirical
use has existed for millennia, its systematic study
began in the late 19th century with L. Pasteur,
R. Koch. F. Cohn, A De Bary, G.A. Hansen and
others, motivated by diseases and epidemics in
plants, humans and animals (Mora-Aguilera et
al., 2021 in Section 1). The etiological transition
to technology implied escalating the cultivation
of microorganisms in specialized laboratories to

con B. megaterium 'y B. paralicheniformis (Rojas-
Padilla et al., 2020).

El uso de la diversidad microbiana asociadas a
los cultivos, a través de los RGM del planeta, re-
presenta una alternativa sostenible para potenciar
la producciéon de alimentos con alto valor nutricio-
nal, ante los problemas asociados a la pandemia ac-
tual. En este sentido, la conservacion de los RGM
es determinante para preservar la microbiota bené-
fica presente en los agroecosistemas y proveer ma-
terial bioldgico auténtico, estable y bioseguro para
el desarrollo de inoculantes microbianos eficientes
(Diaz-Rodriguez et al., 2021).

Conservacion de recursos genéticos microbianos

La conservacion de los recursos genéticos mi-
crobianos (RGM) es crucial para proveer solucio-
nes tecnologicas relevantes a los problemas de la
sociedad humana. El uso actual y futuro de estos
recursos es la actividad mas importante de centros
de conservacion, bancos de germoplasma y los
acervos de macro y microorganismos, mediante
procedimientos y estrategias de conservacion in
situ, ex situ, e in-factory, principalmente en crisis
mundiales como la pandemia COVID-19 (Khoury
et al., 2010; Mishra et al., 2020; Sung and Hwang,
2015). México ha realizado un esfuerzo en los ul-
timos 20 afios por establecer centros o laboratorios
de preservacion e investigacion con recurso huma-
no especializado del mas alto nivel (Ayala- Zepeda
et al., 2021, en esta Seccion) (Figura 3, 4). Este
esfuerzo incluye al Centro Nacional de Recursos
Genéticos del Instituto Nacional de Investigaciones
Forestales Agricolas y Pecuarias (CNRG-INIFAP).
El CNRG es el primer centro de su tipo en Méxi-
co con la mision de conservar y preservar RGM
del pais asociados al sector agroalimentario para
garantizar el bienestar de las generaciones presen-
tes y futuras. Se estima que el CNRG constituira
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NRG

Centro Nucional de Recursos Geneticos -
——

Figure 3. The National Genetic Resource Center of the National Forestry, Agriculture and Livestock Research Center
(Centro Nacional de Recursos Genéticos del Instituto Nacional de Investigaciones Forestales Agricolas y Pecuarias,
or CNRG-INIFAP), created to preserve and protect the beneficial microbe and plant biodiversity related to the
Mexican agri-food sector. Researchers of the Microbial Genetic Resources Laboratory (Laboratorio de Recursos
Genéticos Microbianos) working on the identification of agriculturally important fungi and the conservation of
plant growth-promoting bacteria.

Figura 3. Centro Nacional de Recursos Genéticos (CNRG) del Instituto Nacional de Investigaciones Forestales Agricolas y
Pecuarias (INIFAP), creado para preservar y proteger la biodiversidad vegetal y microbiana benéfica asociada al
sector agroalimentario mexicano. Investigadores del Laboratorio de Recursos Genéticos Microbianos trabajando
en la identificacion de hongos de importancia agricola y la conservacion de bacterias promotoras de crecimiento
vegetal.
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generate biotechnological developments applicable
to agriculture (Desmeth, 2017). In this context,
an MGR can be defined as any microbial strain
that is authenticated, taxonomically defined,
physiologically characterized, with quality control,
well-documented and with real or potential
value (Sharma et al., 2018) (Figure 4). The 758
collections registered in the World Data Center
for Microorganisms (WDCM)(http://www.wdcm.
org/) facilitate the study of MGRs, since they help
find taxonomic reference material and systematize
archives on microbial biological diversity in the
wide symbiotic spectrum.

Most of these biological resource conservation
centers follow the guidelines ofthe World Federation
for Culture Collections (WFCC) ( http://www.
wfcc.info/), the practices of the Organization for
Economic Cooperation and Development (OECD)
(‘https://www.oecd.org/), and the regulations for the
access and donation of biological organisms of the
Nagoya Protocol on the Convention on Biological
Diversity (CBD) (https://www.cbd.int/abs/), as well
as depositing the inventories of their collections in
the Global Catalogue of Microorganisms (GCM)
(http://gcm.wdem.org/) to promote the visibility
and accessibility of the strains that these centers
conserve (Pilling et al., 2020).

The CBD, the international instrument for the
conservation of biological diversity, acquires great
relevance in these moments, considering that all
evidence indicates that the ongoing biodiversity
crisis is one of the main factors in the emergence of
SARS-CoV-2 (Hossain et al., 2020). Furthermore,
the impact of the COVID-19 pandemic on the
operation and the conservation status of genetic
resources worldwide has undergone scarce
evaluation and it is too soon to evaluate its effects
(Neupane, 2020). However, both positive and
negative consequences are expected, mainly on
the inclusion of considerations on human health

el banco de germoplasma microbiano benéfico y
vegetal mas completo del mundo (SADER, 2016)
(Figura 3).

Las actividades del Laboratorio de Recursos
Genéticos Microbianos del CNRG-INIFAP inclu-
yen la constante busqueda de recursos genéticos
microbianos de interés agricola, los cuales son ca-
racterizados e identificados por diversas técnicas
microbiologicas, valorados para su posible aprove-
chamiento agrobiotecnoldgico o como material de
referencia taxondmica, y el estudio de la biodiver-
sidad en los agroecosistemas a partir de la aplica-
cion de las ciencias dmicas.

Se estima que 50 por ciento de la biomasa viva
del planeta es de naturaleza microbiana y aunque
su uso empirico ha existido durante milenios, su
estudio sistematico comenzo6 a fines del siglo XIX
con L. Pasteur, R. Koch. F. Cohn, A De Bary, G.A.
Hansen y otros, incentivados por precisamente por
enfermedades y epidemias en plantas, humanos y
animales (Mora-Aguilera et al., 2021 en Seccion
1). La transicion etioldgica a la tecnologica implico
escalar el cultivo de microorganismos en labora-
torios especializados para generar desarrollos bio-
tecnologicos aplicables a la agricultura (Desmeth,
2017). En este contexto, un RGM se puede definir
como cualquier cepa microbiana que este auten-
ticada, definida taxondmicamente, caracterizada
fisiologicamente, con control de calidad, bien do-
cumentada, y con valor potencial o real (Sharma et
al.,2018) (Figura 4). Las 758 colecciones registra-
das en el Centro Mundial de Datos para Microor-
ganismos (WDCM, por sus siglas en inglés)(http://
www.wdcm.org/) facilitan el estudio RGM ya que
permite encontrar material de referencia taxond-
mica y sistematiza acervos de diversidad bioldgica
microbiana en el amplio espectro simbidtico.

La mayoria de estos centros de conservacion de
recursos bioldgicos siguen las pautas de la Federa-
cion Mundial de Colecciones de Cultivos (WFCC,
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Figure 4.

Figura 4.

Mexican microbial strains in the process of characterization for their incorporation into the Collection of
Microorganisms of the CNRG INIFAP. A) Pseudomonas sp. with lipolytic ability; B) Trichoderma sp. with lignolytic
ability; C) culture of Bacillus subtilis; D) Pseudomonas fluorescens under ultraviolet light; E) Pseudomonas
protegens with phosphate-solublilizing ability; F) Structures of Trichoderma sp. observed under the microscope;
G) Trichoderma sp. with plant growth-promoting ability; H) Bacillus sp. reducing the growth of Fusarium
sp; 1) Bacillus amilolyquefaciens; J) Fusarium boothii culture; K) Trichoderma sp. with cellulolytic ability; L)
Pseudomonas sp. reducing the growth of Aspergillus sp; M) Preliminary exploratory study of metatranscriptome
related to chili pepper plants (Capsicum sp).

Cepas microbianas mexicanas en proceso de caracterizacion para su incorporacion a la Coleccion de Microor-
ganismos del CNRG INIFAP. A) Pseudomonas sp. con capacidad lipolitica; B) Trichoderma sp. con capacidad
lignolitica; C) colonia de Bacillus subtilis; D) Pseudomonas fluorescens bajo luz ultravioleta; E) Pseudomonas
protegens con capacidad solubilizadora de fosfatos; F) Estructuras de Trichoderma sp. observada al microscopio;
G) Trichoderma sp. con capacidad promotora de crecimiento vegetal; H) Bacillus sp. reduciendo el crecimiento
de Fusarium sp; 1) Bacillus amilolyquefaciens; J) colonia de Fusarium boothii; K) Trichoderma sp. con capacidad
celulolitica; L) Pseudomonas sp. reduciendo el crecimiento de Aspergillus sp; M) Estudio exploratorio preliminar
de metatrascriptoma asociado a chile (Capsicum sp).
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in the planning of land use, the strengthening of
links between health and biological diversity to
support preventive health approaches, as well
as the development of biodiversity legislation,
regulation and management aspects in the face
of future crises (Bang and Khadakkar, 2020). For
example, the diversity of coronaviruses in bats, as
a strategy for the prevention of diseases in humans,
has been studied for over 10 years, motivated by
the emergence of zoonotic diseases SARS-CoV
(2003) and MERS-CoV (2012). However, the
importance of studies on diversity for human health
is now unquestionable, therefore national and
international programs for their study have been
created or strengthened (Editor’s note).

The COVID-19 pandemic puts into perspective
the importance of preserving MGR with potential for
food security, which involves in vivo microbiota and
the genomic, proteomic and metabolomic archives.
However, there are still knowledge gaps related to
the diversity of microorganisms in agro-ecosystems,
the identification and characterization of species
of diverse taxonomic and functional groups, the
biological mechanisms in interaction processes, the
participation of MGRs in the supply of services in
agro-ecosystems and agri-food production, as well
as the effect of climate and microenvironmental
changes produced by agricultural practices and
the use of synthetic inputs (Sandoval-Cancino et
al., 2022; Coérdova-Albores et al, 2021; Pilling
et al., 2020). On the other hands, the biodiversity
of MGRs is dwindling in agro-ecosystems due to
the destruction of habitats, the inadequate use of
pesticides, the effects of climate change, and others
(FAO, 2019). In this context, MGR conservation
centers provide valuable biological resources for
agricultural, agro-industrial scientists and farmers,
since they keep and provide strains or isolations of
beneficial microorganisms for different agricultural
crops and plantations, authentic reference strains

por sus siglas en inglés) ( http://www.wfcc.info/),
las practicas de la Organizacion para la Coope-
racion y Desarrollo Economico (OECD, por sus
siglas en inglés) (https://www.oecd.org/), y las
regulaciones para el acceso y donacion de orga-
nismos bioldgicos del Protocolo de Nagoya de la
Convencion sobre la Diversidad Bioldgica (CBD,
por sus siglas en inglés) (https://www.cbd.int/abs/),
ademas de depositar los inventarios de sus colec-
ciones en el Catdlogo Mundial de Microorganis-
mos (GCM) (http://gem.wdem.org/) para propiciar
la visibilidad y accesibilidad de la cepas que con-
servan dichos centros (Pilling ez al., 2020).

La CBD, el instrumento internacional para
la conservacion de la diversidad biologica, toma
gran relevancia en estos momentos, considerando
que las evidencias sefialan que la actual crisis de
biodiversidad es uno de los factores principales en
la emergencia del SARS-CoV-2 (Hossain et al.,
2020). Mas aun, el impacto de la pandemia CO-
VID-19 sobre la operacion y estatus de conserva-
cion de recursos genéticos a nivel mundial ha sido
poco evaluada y es demasiado pronto para valorar
sus efectos (Neupane, 2020). Sin embargo, se espe-
ran consecuencias positivas y negativas, principal-
mente sobre la inclusion de consideraciones sobre
salud humana en la planificacion del uso de la tie-
rra, el fortalecimiento de los vinculos entre salud y
diversidad bioldgica para apoyar enfoques preven-
tivos de la salud, asi como el desarrollo de aspectos
de legislacion, regulacion y estrategias de manejo
de la biodiversidad ante futuras crisis (Bang y Kha-
dakkar, 2020). Por ejemplo, la diversidad de coro-
navirus en murciélagos, como estrategia de preven-
cion de enfermedades en humanos, se ha estudia-
do desde hace mas de 10 aflos incentivados por la
emergencia de las enfermedades de origen zoond-
tico SARS-CoV (2003) y MERS-CoV(2012). Sin
embargo, ahora es incuestionable la importancia
de los estudios de diversidad para la salud humana
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with taxonomic value for research purposes.
The development of human resources with an
expertise in classic and molecular microbiological
management, as well as in the comprehension
of plant-microorganism interactions is also a
fundamental contribution (Diaz-Rodriguez et al.,
2021; Soltanighias et al., 2018).

Apart from the
worldwide on the importance of the conservation
of MGRs in emergencies such as the COVID-19
pandemic, dissemination on the role MGRs play
in the food security of each country is necessary,
implementing participatory channels throughout
the productive, academic and commercial sectors
involved in guaranteeing the regional agricultural
produce. The AgroEvent ‘Productos biologicos, una

previsions implemented

herramienta para potenciar el campo mexicano’
(Biological products; a tool to strengthen the
Mexican countryside), organized by the INIFAP
and the Technological Institute of Sonora (Instituto
Tecnologico de Sonora) on November 27th, 2020,
and its second edition ‘Microorganismos para
el Desarrollo sostenible del sector agropecuario
de Meéxico’ (Microorganisms for the Sustainable
Development of the Mexican Agricultural Sector)
illustrates this strategy (http://cmcnrg.inifap.gob.
mx/agroevento/; t.ly/RjAh). Its aim was to provide a
space to connect and to disseminate information on
the use of biological products in agriculture and the
importance of effective cost-benefit technologies
for the sustainable innovation of technified
agricultural production in Mexico. The event, in
its two editions, had the institutional participation
of Mexican scientists involved in the development
and conservation of organisms with a potential
for biological control and the implementation of
sustainable and profitable agrobiotechnologies for
different productive actors. The dissemination of
the event via different media led to an attendance of
1,582 people from eight Latin American countries.

por lo que se han creado o fortalecidos programas
nacionales e internacionales para su investigacion
(Nota del Editor).

La pandemia COVI-19 pone en perspectiva la
importancia de la conservacion de RGM con poten-
cial para la seguridad alimentaria, la cual involu-
cra la microbiota in vivo y los acervos gendmicos,
proteémicos y metabolémicos. Sin embargo, atn
existen lagunas de conocimiento relacionadas con
la diversidad de microorganismos en agroecosiste-
mas; la identificacion y caracterizacion de especies
de diversos grupos taxonoémicos y funcionales; los
mecanismos biologicos en los procesos de interac-
cion; la participacion que tiene los RGM en el su-
ministro de servicios en agroecosistemas y la pro-
duccion agroalimentaria; asi como el efecto de los
cambios climaticos y microambientales conferidos
por practicas agricolas y el empleo de insumos sin-
téticos (Sandoval-Cancino et al., 2022; Coérdova-
Albores et al., 2021; Pilling et al., 2020). Por otra
parte, la biodiversidad de los RGM esta disminu-
yendo en los agroecosistemas, por la destruccion
del habitat, el uso inadecuado de pesticidas y otros
insumos agricolas, los efectos del cambio climati-
co, entre otros (FAO, 2019). En este contexto, los
centros de conservacion RGM proporcionan valio-
sos recursos bioldgicos para cientificos agricolas,
agroindustria y agricultores, al mantener y proveer
cepas o aislados de microorganismos benéficos
para diferentes cultivos agricolas y plantaciones,
cepas de referencia auténticas con valor taxonod-
mico para fines de investigacion. El desarrollo de
recursos humanos expertos en manejo microbiold-
gico clasico y molecular, y en la comprension de
las interacciones planta-microorganismo también
constituye un aporte esencial (Diaz-Rodriguez et
al., 2021; Soltanighias et al., 2018).

Ademas de las previsiones implementadas a
nivel mundial sobre la importancia de la con-
servacion de los RGM ante emergencias como
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This indicates the great interest and potential of
MGR in agriculture and the vitality of this activity
in times of COVID-19.

CONCLUSIONS

Thisdocumentreassessedtheroleoftheagri-food
sector in the light of the current world crisis caused
by the COVID-19 pandemic. Based on the premise
that the supply of food for the world’s population,
along with plant health as an essential activity to
achieve an optimum yield, are ecosystemic services
that rely broadly on the microbiota of the soil and
agro-ecosystems, we can argue that biodiversity
translates into balance, functionality, productivity
and health. Thus, the suppressiveness of plant
pathogens is only one benefit of edaphic microbiota.
On the other hand, some microorganisms in
agroecosystems integrate into the human gut
microbiota, contributing towards the prevention of
diseases due to their implication in the modulation
of responses of immune system and inflammatory
responses. For several years, technified agriculture
has been considered unsustainable due to the
deterioration of the production assets (water,
soil, plants) at a higher speed than that at which
it can regenerate. The excessive dependence on
synthetic inputs (pesticides, herbicides, fertilizers)
leads to dysbiosis or a rupture in the complex
biological systems, resulting in the degradation
of the ecosystemic services. As a consequence,
the management of pests, diseases and weeds is
inefficient and unsustainable. The gaps produced
in ecological niches make nutrient cycles difficult,
impacting the infertility and conservation of the
health of soils. This leads, both in pesticides as
in fertilizers, to a vicious circular strategy with
a high cost for the farmer, the environment and
society. These unfavorable cycles could eventually

la pandemia de COVID 19, es necesario difundir
el rol de RGM en la seguridad alimentaria de cada
pais, implementando canales participativos entre
sectores productivo, empresarial, académico y co-
mercial involucrados en garantizar la produccion
agricola regional. El AgroEvento ‘Productos bio-
logicos, una herramienta para potenciar el campo
mexicano’, organizado por INIFAP y el Institu-
to Tecnoldgico de Sonora el 27 de noviembre del
2020, asi como su segunda edicion ‘Microorganis-
mos para el desarrollo sostenible del sector agro-
pecuario de México’ llevado a cabo el 30 de sep-
tiembre (http://cmenrg.inifap.gob.mx/agroevento/;
t.Ily/RjAh) ilustra esta estrategia. Tuvieron como
objetivo proporcionar un espacio para la vincula-
cion y difusion sobre los beneficios del uso de pro-
ductos de formulacion bioldgica en la agricultura y
la importancia de tecnologias beneficio-costo efec-
tivas para la innovacion sustentable de la produc-
cion agricola tecnificada en México. El evento, en
sus dos ediciones, ha tenido participacion interins-
titucional con investigadores mexicanos involucra-
dos en el desarrollo y conservacion de organismos
con potencial de control bioldgico y la implementa-
cion de agrobiotecnologias sustentables y rentables
para diferentes actores productivos. La difusion
del evento a través de diferentes canales permitio
la asistencia virtual de 1,582 participantes de ocho
paises latinoamericanos. Una afluencia que indica
el gran interés y potencial de RGM en la agricul-
tura y la vitalidad de esta actividad productiva en
tiempos de COVID-19.

CONCLUSIONES

En esta revision se replanteo el papel del sec-
tor agroalimentario frente a la actual crisis mundial
de salud publica por la pandemia COVID-19. Se
partié de la premisa que el abastecimiento global
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jeopardize food security and self-sufficiency with
a greater effect on communities and countries
with a great dependence on external inputs. This
became evident with the breakage of the supply
chain of agricultural inputs and products due to the
COVID-19 pandemic. It is still possible to argue
that human health and agricultural productivity can
depend on the functionality of agro-ecosystems
and on the balance of its biodervisity. The mission
of agri-food sciences is to face agriculture with a
social and humanistic vision, and in our area of
biotechnology, to preserve MGRs and contribute
to plant health from an ecological point of
view. The study approach must usderstand the
agroecosystems as functional biological units
or agricultural holobionts for the creation of
sustainable and resilient biotechnolgy strategies to
prevent production crises and to mitigate emerging
impacts such as the ongoing pandemic caused by
SARS-CoV-2. All countries must generate public
policies and invest in research under this sustainable
agricultural vision. It is our need and our duty in the
face of the environmental deterioration worldwide.

Aknowledgements

The authors are deeply grateful to Dr. Gustavo Mora as
editor since his comments and suggestions helped to strengthen

this contribution.

LITERATURE CITED

Adesemoye AO, Torbert HA, and Kloepper JW. 2009. Plant
growth-promoting rhizobacteria allow reduced application
rates of chemical fertilizers. Microbial Ecololy 58 (4):921-
929. https://doi.org/10.1007/500248-009-9531-y

Alonso-Baez M, and Aguirre-Medina JF. 2011. Efecto de la
labranza de conservacion sobre las propiedades del suelo.
Terra Latinoamicana 29 (2):113-121.

Altieri MA, and Nicholls CI. 2020. Agroecology and the
reconstruction of a post COVID-19 agriculture. The
Journal of Peasant Studies 47:881-898. https://doi.org/10
.1080/03066150.2020.1782891

de alimentos para la poblacion, al igual que la fi-
tosanidad como actividad esencial para lograr una
produccion optima en calidad y cantidad, son servi-
cios ecosistémicos que dependen estrechamente de
la microbiota del suelo de los agroecosistemas. Es
posible argumentar que la biodiversidad se traduce
en equilibrio, funcionalidad, productividad y en sa-
lud humana. Asi, supresividad de fitopatogenos es
solo uno de los beneficios de la microbiota edafi-
ca. Por otra parte, algunos microorganismos de los
agroecosistemas, al integrarse en la microbiota in-
testinal humana, contribuyen a la prevencion de en-
fermedades por su implicacion en la modulacion de
respuestas del sistema inmune e inflamatorio. Des-
de hace varios afios, la agricultura tecnificada se ha
considerado no sostenible debido al deterioro de
los activos productivos (agua, suelo, planta) a una
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