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Abstract

COLMENA (www.itson.mx/colmena), is a collection of microorganisms focused on the
conservation, classification, characterization, and transfer of native microorganisms isolated from
diverse agro-systems, and other habitats. The objective of this collection is to protect the microbial
diversity associated with changes in land use, reducing the degradation of soils. So far, soil
microorganisms from two important agricultural regions in Mexico have been isolated, the Yaqui
Valley, Sonora and the Valley of Fuerte, Sinaloa. Currently, COLMENA conserves approximately
1 446 strains of soil microorganisms associated with various agricultural crops, such as: wheat
(448), corn (313), alfalfa (54), broccoli (51), beans (35), among others. Recently, the taxonomic
classification of 353 bacterial and fungal strains-through the amplification of the 16S RNAr and
5.8S RNAr genes- has been concluded, noting that the most abundant bacterial genera are Bacillus
(27%), Pseudomonas (8%) and Stenotrophomonas. (6%), while the most abundant fungal genera
were Aspergillus (8%), Penicillium (3%) and Myrothecium (3%). On the other hand, the metabolic
characterization of a fraction of the collection was also carried out, finding that 3% of the microbial
collection has the capacity to produce indoles (> 5 mg/L), the solubilization of phosphorus and the
production of siderophores it was observed in 36% and 61% of the strains analyzed (396),
respectively. Only 3% of the total microbial collection has been identified as producing cellulases
and 11% of a total of 258 strains analyzed showed [-hemolysis. These results show the versatility
of these microbial strains as potential cost-effective alternatives for agro-industrial practices,
focused on contributing to global food security.
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Introduction

World food security is one of the main challenges facing humanity today, which “exists when all
people have, at all times, physical, social and economic access to sufficient, safe and nutritious
food that meets their daily and daily energy needs and food preferences, to lead an active and
healthy life” (FAO, 1996).

Today, enough food is produced for the entire world population, 7 350 million people; however, it
is projected that it will increase to 9 billion people by the year 2050 (Godfray et al., 2010; Naciones
Unidas, 2015), so that the demand for food will increase by 70-100% (World Bank, 2008; FAO,
2016). In this context, since agriculture contributes 98% of global food production (Rao, 2013), it
is crucial to increase agricultural productivity with the objective of satisfying the global demand
for food, contributing to food security and sovereignty national.

In this way, several challenges must be addressed: i) soil fertility (high costs of agricultural
production associated with the consumption of agrochemicals); ii) climate change; iii) growing
market for biofuels; iv) availability of natural resources; v) degradation of natural resources; and
vi) limited technology transfer (Friedrich, 2014; Hernandez-Mondragén et al., 2016). Thus, based
on agricultural activities that are susceptible to being modified and implemented by man, food
production is strongly linked to the fertility of agricultural soils.

The soil, consisting of mineral material (45%), water (20-30%), gases (20-30%) and organic matter
(1-5%) (McCauley et al., 2005), provides diverse ecosystem services, such as: i) social and
ecological sustainability; ii) adaptation and mitigation of climate change; iii) biotechnological
resource for humanity; iv) water and nutrient cycling; and v) food security (Nelson et al., 2013).
However, at a global level, soil degradation rates suggest that we will only have a fertile layer for
60 more years (Dotterweich, 2013). Currently, land degradation affects 1 900 million hectares
worldwide, rapidly increasing at a rate of 5 to 7 million hectares per year. This degradation impacts
approximately 70% of the agricultural soils in moderate to severe levels, which generates an
estimated cost of $400 billion dollars per year worldwide, affecting more than one billion people,
especially in arid zones (Olafur, 2007).

One of the main causes of soil degradation is the intensive agricultural practices used for
agricultural production, from mechanical tillage to the excessive and constant use of synthetic
fertilizers and pesticides (Friedrich, 2014). This degradation of soils leads to a decrease in its
physical (moisture and gas exchange), chemical (pH and cation exchange capacity) and biological
(modifications in microbial communities involved in nutrient cycling) properties, leading to an
increase in its apparent density, less stability of its aggregates, susceptibility to compaction, loss of
fertility, leaching of nutrients, decrease in productivity, increase of greenhouse gas emissions and
decrease of carbon sequestration and microbial activity (Friedrich, 2014).

The diversity of edaphic microorganisms is an important component involved in the maintenance

of soil fertility, this diversity includes more than 10° species (Dohrmann et al., 2013), which are
responsible for carrying out between 80-90% of the processes observed in the soil
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(Nannipieri et al., 2003), i. e. the cycling of nutrients (nitrogen, carbon, sulfur and phosphorus),
decomposition of organic matter, solubilization of minerals (K, Ca, Mn, Mg, etc), photosynthesis,
degradation of xenobiotic compounds, control of plant diseases, maintenance of the structure and
function of the soil, among others (Pankhurst et al., 1997; Pal an McSpadden, 2006; Pankratova,
2006; Ryan et al., 2008). Currently, only a small fraction of the soil microbial communities (1-
10%) has been able to be cultivated, so the study of this microbial resource will allow
understanding the impact of anthropogenic and natural activities on microbial diversity and ecology
(Kalia and Gupta, 2005), representing a tool to increase the productivity of agricultural crops in a
way that is friendly to the environment and cost-effective.

Recently, the use of beneficial microorganisms as the basis of biofertilizers has acquired great
relevance in the agricultural sector, offering a sustainable alternative focused on increasing crop
production and soil fertility. These comprise a heterogeneous group of free-living
microorganisms or those associated with various parts of the plant, with the ability to stimulate
plant growth, protect plants against attack by pathogens or tolerate abiotic stress conditions (high
temperatures, salinity, and low water availability) (Dimkpa et al., 2009; Grover et al., 2011,
Glick, 2012). The above has been studied under various microbial mechanisms, which can be
classified as direct and indirect.

Thus, the promotion of plant growth directly by microorganisms involves mechanisms that
facilitate the intake of nutrients from the soil, such as: i) nitrogen fixation; ii) the solubilization of
minerals, such as potassium and phosphorus, in a way that makes them available for plants; iii)
phytohormone production; and iv) mineralization of organic compounds. On the other hand,
indirect mechanisms involve the antagonistic action against pathogens, through the production of
antibiotics, hydrolytic enzymes, siderophores, exopolysaccharides, and induction of systemic
response (Gupta et al., 2015).

The use of microbial inoculants has led to the reduction of the economic costs of agricultural
production, due to a lower application of synthetic fertilizers and pesticides or the efficient use of
these by plants, i.e. nitrogen and phosphorus (Gyaneshwar et al., 2002). In this sense, diverse
bacterial and fungal genera, such as: Pseudomonas, Bacillus, Penicillum, Aspergillus, among
others, have been reported for their metabolic characteristics of producing phytohormones,
involved in root elongation and greater use of nitrogen or in the production of organic acids that
contribute to neutralize the pH of the soil, favoring the solubilization of insoluble phosphorus
(Kathiresan et al., 1995).

In addition, it has been identified that the application of bioinoculants allows to reduce the use of
synthetic fertilizers, Adesemoye et al. (2009) inoculated a consortium composed of Bacillus
amyloliquefaciens, Bacillus pumilus and Glomus intraradices in tomato cultivation at greenhouse
level, that the application of 75% of the recommended fertilization dose plus the microbial
consortium evaluated positively impacted the growth of the plants, their yield and absorption of
nutrients (nitrogen and phosphorus), results comparable to those obtained by the use of the
recommended total fertilizer dose.

Thus, during the last decades one of the strategies focused on the partial or total substitution of

synthetic agricultural inputs has been the application of microbial inoculants with diverse metabolic
capacities of interest. However, most of the Mexican agriculture has opted for the consumption and
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application of microbial consortia from other countries, where the climatic and crop conditions are
different from those registered in our country and generally have obtained unfavorable results by
the use of microbial inoculants in the national agricultural productivity, thus promoting the
discontent of the productive sector towards the use of these microorganisms, without mentioning
the potential ecological damages by the introduction of exogenous microbial strains to these
agrosystems.

The main limitations for the success in the field of the application of microbial inoculants, are
summarized in: 1) identifying a strain or microbial consortium with significant impact on the
desired characteristic in the agricultural crop of interest; 2) the method of mass propagation and
reproduction of these microorganisms, determining the optimal growth conditions; and 3)
formulating the bio-inoculant with the promising strain (s) and the application vehicle or carrier.
Once these limitations have been successfully covered, several aspects of the microorganisms
that are part of this bio-blocker must be considered, such as i) having the capacity to settle in the
soil or the plant under the biotic and abiotic conditions of the target ecosystem ; ii) compete with
the native microbiota; and iii) colonize the rhizosphere and the part of the plant of interest,
expressing the desired metabolic characteristics of growth promotion / protection against
pathogens (Kohl et al., 2011; Brahmaprakash and Sahu, 2012; Galindo et al., 2013, Bashan et
al., 2014). In addition, the success of the commercialization of this bio-inoculant depends on its
economic viability in comparison to the synthetic fertilizers and fungicides available in the
market (Malusa et al., 2016).

In this sense, the great effort of the scientific community for field application has led to the isolation
of thousands of microbial crops associated with various agricultural crops of great importance to
our country. A small number of strains have been studied at the laboratory level and only a few
have become part of microbial inoculant developments and form part of a variety of biological
products on the market, focused on increasing agricultural productivity in a sustainable manner.
However, the vast majority of isolated microbial strains that are not selected due to the absence or
low levels of some metabolic activity of interest are separated from the group of viable
microorganisms, without considering the various potential metabolic characteristics stored in their
genomes.

Therefore, the isolated microbiota should be protected in certified microbial collections
(regardless of the metabolic characteristics of particular interest) to preserve ex situ the native
microbial diversity associated with the crops, as well as the potential agro-biotechnological
resource that these represent for the scientific community, producers and public-private sector,
which will allow to explore even more its ecology in our current and future agriculture of our
country.

Thus, the microbial collections play an important role in the conservation and sustainable use of
the microbial resource, providing authentically pure, stable biological material, useful for carrying
out research and teaching, facilitating access to reference strains and useful reagents for the control
of quality (Sharman and Shouche, 2014). In addition, they offer training and training services in
techniques related to the conservation, development and identification of microorganisms
(WFCC, 2014).
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On the other hand, the continuous discovery of new microbial species generates the need to preserve
them and transfer them to the scientific community, to carry out research, teaching and their potential
biotechnological exploitation. However, these microbial collections are usually found in highly
specialized institutions focused on safeguarding their agro-biotechnological potential to guarantee
food security in countries with a solid economy, greater scientific and technological development
and aware of the importance of protecting the soil microbial communities.

These countries preserve, in a certified manner, approximately 98% of the total of strains, which
constitutes 45% of the total of microorganisms protected in the American continent, in comparison to
Mexico that only maintains around 9,078 microbial cultures in 18 collections, which represents only
2%, and that corresponds only 0.4% of the total microorganisms protected worldwide (WFCC, 2014).

Collection of edaphic microorganisms and native endophytes

The Collection of Native Endogenous and Microorganisms (COLMENA) www.itson.mx/colmena) is
amicrobial collection focused on the preservation, classification, characterization and transfer of native
microorganisms isolated from different agro-systems and other habitats in Mexico. The objective of
this collection is to reduce the loss of microbial diversity, as a strategy for soil conservation, by
isolating, protecting, characterizing and typifying the cultivable soil microbial resource, quantifying the
potential environmental and economic benefits of its re-incorporation into the ecosystems.

Currently, COLMENA preserves and studies a collection of 1 464 microorganisms isolated from soil
and associated with various agricultural crops of economic importance to Mexico, such as: wheat
(448), corn (313), beans (35), broccoli (51), alfalfa (54), and others (Figure 1). The first stage of
COLMENA began with the isolation of soil microorganisms in two of the main agricultural regions
of Mexico, a) the Yaqui Valley, located in the state of Sonora in Mexico (length 108° 53” and 110°
37’ E latitude 26° 53’ and 28° 37’ north latitude) constituted by 225 000 ha, which contributes
approximately 35% of the national wheat production (CIMMYT, 2017; SAGARPA, 2017) and b)
the Valley of Fuerte, located in the state of Sinaloa (longitude 108° 16 47” and 109° 04’ 42”
longitude west; latitude 25° 53’ 29 and the 26° 38’ 47" north), being the first place in the production
of corn of the state, with a planted area of 277 642 ha (SAGARPA, 2011; SIAP-SAGARPA, 2016).

= Trigo
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Figure 1. Percentage contribution of the number of microbial strains preserved in the COLMENA
associated with the agricultural crops under study, located in the Yaqui Valley, Sonora and
the Valley of Fuerte, Sinaloa, Mexico.
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To date, 24% of the strains preserved in COLMENA have been characterized molecularly, by
amplifying the gene 16S RNAr and 5.8S RNAr, identifying a bacterial diversity composed of 28
genera, the most abundant being: Bacillus (27%), Pseudomonas (8%) and Stenotrophomonas (6%)
and 24 fungal genera, the most representative being Aspergillus (8%), Penicillium (3%) and
Myrothecium (3%) (Figure 2). Thus, the detailed molecular identification of these strains is crucial
to answer fundamental questions of systematics, taxonomy and evolution, which allows: i) to
establish quality criteria in products and services; ii) identify sources of contamination; iii) selection
of disinfection treatments; iv) identify microorganisms bioindicators of the ecosystem, v) identify
microbial strains that promote plant growth and biological control agents; vi) study new microbial
species; and vii) identify pathogenic or harmful strains, both for humans, plants and animals, among
others (Emerson et al., 2008).
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Figure 2. Composition of the strains sheltered in COLMENA. a) COLMENA logo; b) percentage of
bacteria and fungi preserved in COLMENA; ¢) main fungal genera; and d) bacterials
studied in COLMENA, obtained by the analysis of the 5.85 RNAr and 16S RNAr genes,
respectively.
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On the other hand, the identification of potentially pathogenic strains for human beings - through
taxonomic studies and -hemolytic activity - is carried out in COLMENA. Thus, up to the moment
of a total of 258 evaluated microbial strains, 11% present B-hemolysis activity, which restricts its
potential use as a microbial inoculant for the agricultural sector (Figure 3). COLMENA has
specialized in identifying and characterizing microbial strains with metabolic capacities associated
with the biological control of plant diseases and the promotion of plant growth, such as: the
solubilization of phosphorus, biosynthesis of siderophores, production of indoles, production of
Iytic enzymes, among others (Figure 3).
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Figure 3. Percentage of promising strains for the promotion of plant growth and agents of biological
control of phytopathogens conserved in COLMENA.

So far, 12% of the strains analyzed (660) have shown the ability to solubilize insoluble phosphorus,
which is of great importance since in agro-systems, after nitrogen, phosphorus is the most important
element in nutrition of plants, playing an important role in physiological processes such as
photosynthesis, energy transfer, biosynthesis of macromolecules and respiration (Khan et al.,
2010). However, between 95-99% of the phosphorus present in agricultural soils is found insoluble,
limiting its use by plants, since they absorb the element in two soluble forms: monobasic (H2POa4)
and dibasic ions (HPO4?) (Pandey and Maheshwari, 2007).

Thus, the microbiota associated with plants can contribute to the solubilization and use of insoluble
phosphorus by these, by the release of complex compounds or mineral solvents (anions of organic
acids, protons, hydroxyl ions, CO.), release of extracellular enzymes (mineralization phosphate
biochemistry) and phosphate release during soil degradation (biological mineralization of
phosphates) (Sharma et al., 2013).

Another important nutrient in the development of plants and microorganisms is iron, being the
fourth most abundant element on the earth’s surface (1-6%), which is related in the transport of
electrons, in the catalysis of enzymatic reactions involved in the metabolism of hydrogen, oxygen
-synthesis of ATP- and nitrogen, as well as in the synthesis of DNA (Faraldo-Gomez and Sansom,
2003). However, under certain oxygen and pH conditions it is scarcely available, due to its rapid
oxidation of Fe*? to Fe*3, and to the subsequent formation of insoluble hydroxides (Faraldo-Gémez
and Sansom, 2003).
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Bacteria have developed various mechanisms for the acquisition of iron, one of the most used
mechanisms is the synthesis of chelating compounds called siderophores (Crichton, 2001). The
production and excretion of siderophores by microorganisms associated with agricultural crops
stimulates the growth of these, improving nutrition or inhibiting the establishment of
phytopathogens through the sequestration of iron from the environment, which limits their growth
(de Souza et al., 2015). In this sense, 290 microbial strains capable of biosynthesizing different
classes of siderophores have been identified.

Likewise, 50 microorganisms have been identified with the production capacity of indoles, a group
to which the indole acetic acid belongs, the most important natural auxin in plants. This
phytohormone plays a central role in cell division, elongation, fruit development and senescence,
so it is directly involved in the regulation of plant growth, promotes the formation of apical
domains, longitudinal increase of the root and development of organs (Camelo et al., 2011; Grover
et al., 2011; Duca et al., 2014). Some microorganisms are able to synthesize indole acetic acid
which, at ideal concentrations in the plant, stimulates the formation of radicular hair, increases the
number and length of primary and lateral roots (Duca et al., 2014).

In COLMENA have been identified 60 microbial strains with the ability to produce cellulolytic
enzymes, which may be involved in various biological control mechanisms by microbial genera,
such as: Trichoderma, Fusarium, Penicillium, Alternaria, Cellolomonas, Bacillus, Pseudomonas,
among others (Lynd et al., 2002; Ahmad et al., 2008). In COLMENA microbial species reported
as pathogenic to plants are also conserved, such as: Sclerotinia sclerotiorum (causal agent of white
mold in beans), Fusarium verticillioides (causal agent of ear rot of corn), and Bipolaris sorokiniana
(causal agent of the spot blurred in wheat) (Pal and McSpadden-Gardener, 2006; Villa-Rodriguez
et al., 2016). Thus, the study of these potentially phytopathogenic strains to various agricultural
crops of national importance will allow us to know their mechanisms of action, leading to the
development of more efficient and sustainable strategies for their control.

Conclusions

The progressive requirement of food as a consequence of the world population growth rate
demands the increase of agricultural productivity, through the use of efficient and sustainable
agricultural practices. An alternative is the use of native microbial diversity associated with
agricultural crops, representing a potential agro-biotechnological resource for agriculture and the
scientific community. In this way, the microbial collections have an important contribution in the
conservation and sustainable use of the microbial resource, providing authentic biological material,
stable, and useful to develop the proposed strategies.

The Collection of Native Endophysical and Microorganisms (COLMENA) preserves and
characterizes microorganisms associated with agricultural crops of national importance, through
the identification of plant growth promoting strains and biological control agents of
phytopathogens. In addition, COLMENA is a dynamic project, which will include a greater number
of agricultural areas nationwide, continuing with the metabolic and molecular characterization of
the microorganisms protected in the collection, as well as implementing studies on additional
metabolic characteristics such as the production of antibiotics, stress tolerance tests, formulation
of bio-inoculants, field tests, to name a few.
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