














resilience of crops to climate change selecting
traits such as drought tolerance or heat
resistance.

A different strategy is sustainable ysehich
involves using agrobiodiversity to maintain crop
productivity and health minimising the use of
agrochemicals(Figure 3) Some sustainable
practices are soil coesvation, water
management, and integrated pest management.
Improving soil health and fertility can enhance
the ability of plants to cope with abiotic stressors
and increase C® sequestration(Ray et al.,
2020) Other practices that can contribute to soil
health and fertilityare agroforestry systems,
conservation tillage, and cover cropping, which
can also help conserve beneficial soll
microorganismsessentiaffor plant growth and
health.Another important aspect is to promote
the use of integrated pest managem@nM)
practices, such as biological contrtw reduce
the use of synthetic pesticides. This can help
maintain beneficial insects, such as pollinators,
which are vitalfor the reproduction of many
plant species.

Oneadditionalstrategy aimedat enhaning the
efforts focused on agrobiodiversitgnservation

is based on capacity building,capacity
developmenand knowledge sharing. The first  §&&
concept was adopted in the 1990s and evolved&
to the second, defined ahé& process whereby &
people, organisations and society as a wholeg
unleash, strengthen, create, adapt and maintairg®
capacity over time(Bester, 2015). The former
term implies starting to build capacities from
zero, whereas the latter means building
capacities on existing skillend knowledge.
Then, once the capacity is developed, the
horizontal and vertical sharing of the experience
and knowledge maximises the success of the
initiative. That is, building the skills and

Figure3. Agroecological andraditionalpractices:

K led f h d oth sustainable farming systems in three défer
nowledage of farmers, researchers, and Otner .., nities from Ecuador. AGriollo farm at Nafial,

stakeholders tabetter manage and conserve chilla (3°27'48.0"$79°34'16.1"W; B - Saraguro farm
agrobiodiversity.This strategyincludesdiverse  at Saraguro3®37'21"$79°14'18"W; maize, beans, and
activities such as farmdo-farmer exchange' figleaf gourd associatior; - Shuar Farnat San Juan,

training programes, and information sharing ~ Nangaritza4°1911.7"S 78°39'45.9"yayahuasca,
cassava and maizgowing inscarcely cleared small

through fairs, .networks and online platforms areas of the Amazonian réamest.Pictures by M. X.
(Kremen & Miles, 2012; Wezel et al., 2020). Ruiz-Gonzalez
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Overall, approaches to generate resilience
against  climate  change and  boost
agrobiodiversity  conservation require a
multidisciplinary effort involving different
stakeholders, including researchers, farmers,
policymakers, and civil society.

THE CONSERVATION OF AGRO-
BIODIVERSITY

Abiotic factors and phenology

All living organisms interact with their
environment. The physical and chemical non-
living parts of the environment are the abiotic
factors, which affect the biological fitness of the
organisms, and the range of environmental
conditions that allow the survival of a species
and its distribution. The species and their
populations are adapted through natural
selection to this range of abiotic conditions, such
as temperature, water, sunlight, oxygen and CO»
concentrations in the atmosphere, or salt, heavy
metals or nutrients in the soil. Due to the fast
changes in abiotic conditions due to climate
change, many species are endangered. The latter
1s even more critical for sessile organisms that
cannot escape the substrate where they have
grown (e.g., plants and coral reefs).
Furthermore, the effects of abiotic factors on
wild plants and crops can be evidenced in
changes in their phenology (Parmesan & Yohe,
2003; Ruiz-Gonzalez & Vicente, 2022); that is,
the timing when developmental events critical
for the success of the organism occur. The
timing of plant phenology is influenced by
abiotic  factors such as temperature,
precipitation, nutritional resources, and day
length. Changes in these variables can
significantly —impact the survival and
reproduction of plant species and the animals
that depend on them. Furthermore, the effects of
changes in the timing of flowering and fruiting
can affect the availability of food for pollinators,
seed dispersers, and herbivores (Donoso et al.,
2015). Thus, phenology could also lead to the
desynchronisation of seasonal interactions
amongst species with cascading effects on the
entire food web, with implications for
population dynamics and ecosystem function,
and severe economic consequences (Kharouba
et al., 2018; Menzel et al., 2006; Piao et al.,
2019). Rainfall and temperature are the main

180

drivers affecting plant phenology, with some
responses more disproportionate in
Mediterranean ecosystems and other warmer
regions (Gordo & Sanz, 2020).

In terms of conservation, understanding the
relationship between abiotic factors and plant
phenology can help inform management
strategies. For instance, conservation managers
may need to consider changes in the timing of
plant phenology when planning habitat
restoration or invasive species management.
Moreover, monitoring the timing of plant
phenology can provide valuable information
about the health and functioning of ecosystems
over time. Furthermore, the analysis of the
effects of abiotic changes on phenological and
morphometric characters also represents an
important tool to identify species and varieties
more tolerant to new conditions or at higher risk
of being lost, as well as for more efficient crop
management (Figure 4; Acosta-Quezada et al.,
2022; Tandazo-Yunga et al., 2017).
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Figure 4. Effects of two climatic conditions on 48
morphological and phenological characters in 13
accessions of Phaseolus and Vigna from Andean
agroecosystems. Bean varieties more susceptible to the
effects of climate were identified (Acosta-Quezada et al.,
2022)

Characterising plant phenology, therefore, is
essential for enhancing resilience against
climate change because it improves our
understanding of how plant species respond to
changing climatic conditions and predicts their
economic impact on crops (Brown et al., 2012).
By studying the timing of plant life cycle events
such as flowering, fruiting, and leaf senescence,



we can gain insights into how plants might be
impacted by changes in temperature,
precipitation, and other environmental factors.
This knowledge can then be used to develop
effective conservation strategies for protecting
agrobiodiversity and boosting food security in
the affected regions.

Abiotic factors and the hidden world
Microorganisms are a fundamental component
of agrobiodiversity, playing key roles in soil and
plant health, degradation of organic matter and
nutrient cycling, and improving plant disease
resistance. Therefore, the identification and
conservation of microorganisms can help
improve  agricultural  productivity  and
sustainability by promoting more efficient
nutrient cycling, reducing dependence on
synthetic  fertilisers and pesticides, and
enhancing plant resilience to environmental
stresses. Thus, the characterisation of microbial
functions in agroecosystems is important for
understanding microbial ecology and soil health.
Thus, several studies have shown the
importance  of microbial functions in
agroecosystems. For example, Mdéder et al.
(2002) found that organic farming systems,
which have higher microbial activity, have
improved soil fertility, crop yields and soil
health compared to conventional farming.
Moreover, there is a relationship between
microbial diversity and decomposition, which
reduces up to 40% of CO: emissions, and
microbial diversity is also related to nutrient
availability (Maron et al., 2018).

Therefore, gaining knowledge on microbial
diversity and function can lead to the
development of microbial-based biofertilisers
and biocontrol agents for sustainable
agriculture. However, the identification and
conservation of microorganisms can also
present challenges. Many microbial species are
difficult to identify and culture, and their
functions in agroecosystems still need to be
better understood. One useful strategy for
identifying and conserving microorganisms is
establishing microbial gene banks. These
repositories collect and preserve a wide range of
microorganisms (bacteria, fungi, and viruses)
for use in agricultural research and development
(Ryan et al., 2019). By providing a source of
genetic diversity, these gene banks can be
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further used to develop new microbial strains
that can improve crop productivity and
resilience against abiotic stresses.

To characterise microbial functions in
agroecosystems, we can apply diverse ‘omics’
techniques, such as metagenomics,

metatranscriptomics and metaproteomics. These
methods can provide insights into the structure
and function of microbial communities and help
identify the species and their functional genes
and pathways involved in nutrient cycling,
plant-microbe interactions, and other vital
processes. The functional characterisation and
identification of microbial diversity are pivotal
for biodiversity and ecosystems conservation
because microbial communities are also prone to
suffer drastic consequences in response to
climate change events such as increased
temperatures, permafrost thaw, drought,
increased precipitation, seawater intrusion, fire,
and elevated CO», thus affecting carbon sinks
and cycling (Jansson & Hofmockel, 2019).

Microorganisms are found almost everywhere,
adapted to diverse and extreme environments,
including eukaryotic organisms. The
interactions that microorganisms establish with
eukaryotes can be positive (symbiotic mutualists
and commensals), negative (pathogens), or
neutral (no effects between host and
microorganism). Plants produce exudates that
can be used by microorganisms, which, in
return, improve the  host's  nutrition,
development, growth, health and tolerance to
abiotic stresses (Moénne-Loccoz et al., 2015).
Thus, microorganisms are becoming an
important tool to boost sustainable agriculture
by wusing microbial inoculants, which are
formulations of beneficial microorganisms that
can be applied to crops to enhance nutrient
uptake, disease resistance, and stress tolerance.
Moreover, beneficial microorganisms can be
found in the phyllosphere and the rhizosphere.
In both the aerial and the underground worlds,
microbial species can interact non-parasitically
with plant organs as epiphytes or endophytes.
Epiphytes are as diverse as bacteria, fungi, yeast,
algae, and nematodes. In the phyllosphere,
epiphytes are adapted to the harsh conditions of
the leaf surface (limited resources,
heterogeneous temperature and moisture, UV);
they can modify the chemical properties of the
leaves (e.g., by producing biosurfactants or the



plant growth regulator indole-3-acetic acid,
which promotes cell wall loosening), and are
usually pathogenic (Lindow & Brandl, 2003).
These communities can be sorted by factors
other than the plant species, such as geography
or other biotic interactions (Ruiz-Gonzalez et
al., 2019). Endophytic microorganisms are
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as mutualists, saprophytes or pathogens, but all
have an essential role in nutrient cycling and
plant health, e.g., by increasing tolerance to
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2007; Khare et al., 2018; Saikkonen et al., 2015).
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Figure 5. Biotic interactions in the plant at the rhizosphere and phyllosphere. Endophytes isolated from Coffea arabica:
unknown species of mutualist fungus; the saprophyte fungus Xylaria adscendens, and the pathogen fungus
Colletotrichum sp. Scale bars: in bacteria nodules, 2 mm; in arbuscular mycorrhizae, 20 pm.

(Pictures by M. X. Ruiz-Gonzalez)

Our knowledge of the diversity, the ecological

roles and the biological interactions of
microorganisms in the phyllosphere is yet
insufficient.  Exploratory ~ works  unveil

extremely complex multipartite interactions
between eukaryotes and microbes, finding
unexpected roles, like the Chaetothyriales
fungus Trimmatostroma sp. that acts as an aerial
mycorrhiza by transferring nitrogen to the plant
through the leaves (Ruiz-Gonzélez et al., 2011;
Leroy et al., 2011).

The microbial ecology of the rhizosphere also
displays a very rich diversity of interactions.
Plants release nutrients, exudates, and other low-
molecular-mass compounds such as sugars and
amino acids that represent carbon sources to
attract microbial communities, thus, facilitating
the plant-microbe interactions (Philippot et al.,
2013). Common plant growth-promoting
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beneficial microorganisms (PGPMs) can
interact with the roots at different degrees of
intimacy, e.g., free-living, forming biofilms on
the root surface or living endophytically within
the root tissues (Figure 5). Mycorrhizal fungi
can be present within the root cortex, on the root
surface or around the root epidermis: arbuscular
mycorrhiza, ectomycorrhiza, orchid mycorrhiza
and ericoid mycorrhiza (van der Heijden et al.,
2015). Bacteria, fungi and some algae can exert
diverse functions to enhance plant fitness
through the production of biomass and seeds, or
boosting its health: synthesis of phytohormones,
production of siderophores, alleviation of heavy
metal stress, upregulation of genes involved in
nutrient acquisition, metal homeostasis or plant
defence, N assimilation, production of
enzymes, higher pigments content, enhanced
contents of compounds involved in the



antioxidant response system or the osmotic
balance, and the induction of plant defence-
related genes (Antoszewski et al., 2022).

The characterisation of wild microorganisms
with beneficial roles for plants is a fundamental
step to support biodiversity conservation and
will help design and generate appropriate
microbial inoculants at the local and regional
scales. In this way, the introduction of microbial
species that might become invasive or whose
impact on new ecosystems is yet unknown,
would be avoided.

CONCLUSIONS

Diversity is challenged by many different non-
exclusive threats, with direct consequences for
human health and the economy. The
conservation of agrobiodiversity is a priority if
we want to ensure resilience against the effects
of climate change and food security. There exist
different strategies involving different actors
and stakeholders contributing to
agrobiodiversity conservation. However, due to
the impact of the unpredictable effects of abiotic
factors and the fast pace of climate change, it is
a priority to investigate how the species and
varieties of agronomic importance face these
changes by analysing the heterogeneity in their
phenological and morphological characteristics.
Finally, robust works from the last decades on
the long-time neglected world of microbial
ecology highlight the necessity to investigate
and characterise the diversity and roles of
mutualistic microbial species interacting with
plants to develop sustainable agriculture, thus
contributing to buffer global change.
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