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Abstract

The taxonomic classification of arbuscular mycorrhizal fungi is still under discussion,
however, thanks to the progress of molecular tools, the criteria for grouping have diversified.
Therefore, the objective of the present research was to review the state of art in relation to
these organisms, being the informative documentary review the main research technique used
to identify the works related to the subject, as well as to relate the different researches found.
First, a review of fungal diversity was carried out and then some novelties in relation to their
taxonomic classification at world level were discussed, as well as the advances that have been
made in our country. Finally, we concluded by highlighting the importance of these organisms in
nutrition, growth and resistance to biotic and abiotic stress of the plants associated to them, as
well as their influence on the formation of soil aggregates.
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Resumen

La clasificacion taxondmica de los hongos micorrizicos arbusculares aln se encuentra en
discusion, no obstante, gracias al avance de las herramientas moleculares, los criterios para el
agrupamiento se han diversificado. Por ello, el objetivo de la presente investigacion fue revisar
el estado del arte con relacion a dichos organismos, siendo la revision documental informativa
la principal técnica de investigacion utilizada para identificar los trabajos afines a la tematica,
asi como para relacionar las distintas investigaciones encontradas. Primero se realizd una
revision sobre la diversidad fingica y posteriormente se abordaron algunas novedades en
relacion con su clasificacion taxonomica a nivel mundial, asi como los avances que en nuestro
pais se han efectuado. Por Gltimo, se concluye resaltando la importancia de estos organismos
en la nutricion, crecimiento y la resistencia al estrés biotico y abiotico de las plantas que se
asocian a ellos, asi como su influencia en la formacion de agregados del suelo.
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Introduction

Arbuscular mycorrhizal fungi are defined as fungal
organisms of rhizosphere that stablish symbiotic
relationships with approximately 92 % of plant species
(Brundrett and Tedersoo, 2018). On the other hand,
once a mutualist and trophic relationship has been
stablished between these fungi and chlorophytic
and achlorophytic plant (such as albino araucaria) it
is called mycorrhizal (Guzman-Plazola and Ferrera-
Cerrato, 1990; Gonzalez-Ramirez and Pupo-Feira, 2017).

The taxonomic classification of these organisms is still
under discussion, but in recent years, due to the use
of molecular tools, they have been placed within the
Phylum Mucoromycota with three classes (Tedersoo
et al.,, 2018), 11 families, 25 genera, approximately, 250
species identified and 343 described (Redecker et al,,
2013; Schiibler and Walker, 2010), of which 105 species
have been identified in Mexico.

Arbuscular mycorrhizal fungi belonging to the class
Glomeromycetes are the most studied, because they
stablish an obligated symbiosis to obtain organic
carbon from plants in exchange for water, nitrogen,
phosphorous and other beneficial compounds for
the host (Diagne et al, 2020) that directly favor
agricultural production.

These organisms have gained importance recently
thanks to the advantages they provide when
associated with crops, which, when combined with
traditional practices, allow them to adapt to cope
with the impacts of climatic change, which result in
difficulties in the survival of life on planet (Barcena
et al,, 2021), as well as the increase in the prices of
agricultural inputs (Camarena-Gutierrez, 2012; Diagne
et al., 2020; Leveau, 2015; Suarez, 2022).

For all these reasons, it is of interest to obtain a
document that gathers and punctuates the information
generated on arbuscular mycorrhizal fungi during the
last 10 years, in such a way as to facilitate its study for
those who are new to the subject. Thus, the research
question is related to what are the contributions made
on arbuscular mycorrhizal fungi reported during the last
decade? Meanwhile, the general objective was to gather
the knowledge generated so far on these organisms,
related to their ecological importance, defining it
according to the participation in plant nutrition and
survival, as well as their contributions to the dynamics
of soil formation (Carrillo-Saucedo et al., 2022).

In order to respond to the above, a survey of the
diversity and novelties in relation to its taxonomic
classification at world level, in addition to the

Introduccion

Los hongos micorrizicos arbusculares son definidos
comoorganismosfungososdelarizosferaqueestablecen
relaciones simbioticas con aproximadamente el 92 %
de las especies vegetales (Brundrett y Tedersoo,
2018). Por otro lado, una vez que se ha establecido
una relacion mutualista y trofica entre estos hongos y
plantas clorofiticas o aclorofiticas (como la araucaria
albina) se le llama micorriza (Guzman-Plazola y Ferrera-
Cerrato, 1990; Gonzalez-Ramirez y Pupo-Feira, 2017).

La clasificacion taxonomica de estos organismos ain
se encuentra en discusion, pero en anos recientes,
debido al uso de herramientas moleculares, se han
ubicado dentro del Phylum Mucoromycota con tres
clases (Tedersoo et al., 2018), 11 familias, 25 géneros,
aproximadamente, 250 especies identificadas y 343
descritas (Redecker et al., 2013; Schiibler y Walker,
2010), de las cuales 105 especies se han identificado
en México.

Los hongos micorrizicos arbusculares pertenecientes
a la clase Glomeromycetes son los mas estudiados,
debido a que establecen una simbiosis obligada para
obtener carbono organico de plantas a cambio de
agua, nitrogeno, fosforo y otros compuestos benéficos
para el hospedante (Diagne et al., 2020) que favorecen
directamente la produccion agricola.

Estos organismos han tomado importancia recien-
temente gracias a las ventajas que proporcionan al
asociarse con cultivos, mismos que, al combinarse
con practicas tradicionales, permiten adaptarlas para
sobrellevar los embates del cambio climatico, los
cuales derivan en dificultades en la supervivencia de
la vida en el planeta (Barcena et al., 2021), asi como
el incremento en los precios de insumos agricolas
(Camarena-Gutiérrez, 2012; Diagne et al., 2020; Leveau,
2015; Suarez, 2022).

Por todo lo expuesto, es de interés obtener un
documento que relina y puntualice la informacion
generada sobre hongos micorrizicos arbusculares
durante los Gltimos 10 afos, de tal manera que facilite su
estudio para quienes recién se adentran en la tematica.
Asi, la pregunta de investigacion versa en relacion
a ;cuales son los aportes hechos sobre los hongos
micorrizicos arbusculares reportados durante la dltima
década? En tanto, el objetivo general, fue reunir el
conocimiento generado hasta el momento sobre estos
organismos, relacionado a su importancia ecologica,
definiendo esta, de acuerdo a la participacion que
tienen en la nutricion y sobrevivencia de las plantas, en
su funcion trofica, asi como sus aportes en la dinamica
de formacion de suelos (Carrillo-Saucedo et al., 2022).
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advances that have been made in Mexico, based on
the review of bibliographic resources. The role of these
organisms in nutrition, growth, as well as resistance to
biotic and abiotic stress of the plants associated with
them was also discussed, in addition to their influence
on the formation of soil aggregates, based on the
information reported by approximately 30 authors.
Finally, we concluded on the information reviewed
and the number of articles available.

Methodological approach

Given the objective of the document, the main research
technique employed was the documentary review,
which according to Valencia-Lopez (2016) allows to
identify previously elaborated research, as well as
delineate an object of study, build starting premises
and make relationships between works. Likewise,
Jurado Rojas (2005) defines it as follows:

Informative documentary research is that which
aims to report everything related to a specific
topic. This type of research describe the object
of study in detail, and is responsible for ordering
and systematizing the available information into a
coherent body of ideas. It is usually distinguished
by the way the information is systematized and by
providing new approaches (p. 38).

In turn, the author states that once the topic has been
identified it is necessary to “[...] define the sources
needed for research on the basis of the following
criteria: a) relevance, b) completeness, and c) timeliness”
(p. 38).In summary, this tool made it possible to direct
the research from two ways: first, by relating existing
data from different sources, and second, by providing
a systematic and panoramic view of the object of study
in question. Therefore, the steps to be followed for the
systematization and analysis of information were taken
from the methodologic proposal proposed by Reyez-
Ruiz and Carmona-Alvarado (2020) which are detailed
in Figure 1.

For the survey of sources, the Google Scholar search
engine was used, filtering the results with the advanced
research option by publication period (2012 to 2022),
in addition to using the criteria “Sort by relevance”,
“Any language”, Review articles”, With all words”, “In the
whole article” and the following key sentences written
verbatim in the search engine: “hongos arbusculares”,
with which 189 sources were obtained, subsequently,
“hongos arbusculares micorrizicos” was typed, with
which the results were reduced to 18 articles.

Since the number of sources was reduced when writing
the sentences in Spanish, the publication period was

Herrera-Monroy et al.

Para responder a lo anterior, se realizdo un sondeo
de la diversidad y de las novedades con relacion a
su clasificacion taxonomica a nivel mundial, ademas
de los avances que se han realizado en México, lo
anterior, apoyandose en la revision de fuentes
bibliograficas. También se discutio el papel de estos
organismos en la nutricion, crecimiento, asi como la
resistencia al estrés bidtico y abiotico de las plantas
que se asocian a ellos, ademas de su influencia en
la formacion de agregados del suelo, basandose
en la informacion reportada por aproximadamente
30 autores. Finalmente, se concluye sobre la informacion
revisada y la cantidad de articulos disponibles.

Enfoque metodologico

Dado el objetivo del documento, la principal técnica
de investigacion empleada fue la revision documental
de tipo informativa, la que segln Valencia-Lopez (2016)
permite identificar las investigaciones elaboradas
previamente, asi como delinear un objeto de estudio,
construir premisas de partida y hacer relaciones entre
trabajos. Asimismo, Jurado-Rojas (2005) la define de la
siguiente manera:

La investigacion documental informativa es aquella
que pretende informar todo lo concerniente a un
tema especifico. Este tipo de investigacion describe
el objeto de estudio en sus detalles, y se encarga
de ordenary sistematizar la informacion disponible
en un cuerpo coherente de ideas. Suele distinguirse
por la forma de sistematizar la informacion y por
aportar nuevos enfoques (p. 38).

Asu vez, dicha autora expresa que una vez identificado
el tema es preciso “[...] definir las fuentes necesarias
para la investigacion sobre la base de los siguientes
criterios: a) pertinencia, b) exhaustividad y c)
actualidad” (p. 38). En sintesis, dicha herramienta
permitio dirigir la investigacion desde dos aspectos,
primero, relacionando datos ya existentes que
procedieron de distintas fuentes, y después brindando
una vision sistematica y panoramica del objeto de
estudio en cuestion. Por ello, los pasos a seguir para
la sistematizacion y analisis de la informacion fueron
retomados de la propuesta metodologica propuesta
por Reyes-Ruiz y Carmona Alvarado (2020) los cuales
se detallan en la Figura 1.

Para el arqueo de fuentes se utilizo el motor de
blsqueda de Google Académico, filtrando los resultados
con la opcion de bilsqueda avanzada por periodo
de publicacion (2012 a 2022), ademas de utilizar los
criterios “ordenar por relevancia”, “Cualquier idioma”,
“Articulos de revision”, “Con todas las palabras”, “En todo

el articulo” y las siguientes oraciones clave escritas
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Figure 1. Steps of informative documentary research on arbuscular mycorrhizal fungi.
Figura 1. Pasos de la investigacion documental informativa sobre los hongos micorrizicos arbusculares.

extended from 2000 to 2022, and 22 articles were found.
As this number was still insufficient, the same sentences
were used but in English, and Boole operators were
added to specify the desired information.

The sentences searched verbatim were as follows:
arbuscular mycorrhizal fungi, which yield 10 100
articles, subsequently arbuscular mycorrhizal fungi
“review” was tried with which reduced to 9 940 sources,
“arbuscular mycorrhizal fungus” was also searched
from which 7 100 were obtained, to reduced further it
was searched in title: “arbuscular mycorrhizal fungi”
+ “diversity”, with 967, in title: “arbuscular mycorrhizal
fungi” + “taxonomy” with 206 results, “arbuscular
mycorrhizal fungi diversity” + “review” with 61 results
and finally in title: “arbuscular mycorrhizal fungi” +
“taxonomy” + “Mexico” which showed 53 articles.

Of the total number of sources obtained from the
program, the 22 papers found when using Spanish
sentences, 53 articles found using the sentence
“arbuscular mycorrhizal fungi diversity” + “review”
and 61results of the sentence “arbuscular mycorrhizal
fungi” + “diversity” were reviewed, citing only those
with non-repeated information and of interest for
the present paper. Although the papers found with the
methodology described above contained relevant
information, it was necessary to consult some of the
sources referred to in the articles reviewed to enrich
the discussion.

textualmente en el buscador: hongos arbusculares,
con la que se obtuvieron 189 fuentes, posteriormente
se escribio “hongos micorrizicos arbusculares”, con la
que los resultados se redujeron a 18 articulos.

Debido a que al escribir las oraciones en espanol el
nimero de fuentes era reducido, se procedio a ampliar
el periodo de publicacion de 2000-2022, de este modo
se encontraron 22 articulos. Como este nimero aln
era insuficiente, se utilizaron las mismas oraciones,
pero en idioma inglés, ademas de agregar operadores
de Boole para especificar la informacion deseada.

Las oraciones buscadas textualmente fueron las
siguientes; arbuscular mycorrhizal fungi, que arrojo
10 100 articulos, posteriormente se probo con arbuscu-
lar mycorrhizal fungi “review” con la que se redujeron a
9 940 fuentes, también se busco “arbuscular mycorrhi-
zal fungus” de la cual se obtuvieron 7 100, para reducir
mas se busco in title: "arbuscular mycorrhizal fungi"
+"diversity", con 967, in title: "arbuscular mycorrhizal
fungi" +"taxonomy" con 206 resultados, "arbuscular
mycorrhizal fungi diversity" +"review" con 61 resultados
y finalmente in title: "arbuscular mycorrhizal fungi"
+"taxonomy" +"mexico" que mostro 53 articulos.

Del total de fuentes arrojadas por el programa, se
revisaron los 22 trabajos encontrados cuando se
usaron oraciones en espanol, 53 articulos encontrados
usando la oracion "arbuscular mycorrhizal fungi
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The information gathered was ordered and discussed
according to the general hierarchy presented in the
papers reviewed, in such a way that a deductive
method is followed, which facilitates the fulfillment
of the objective of this paper, because according to
Prieto Castellanos (2017) it allows moving from general
principles to particular facts, that is, once proven and
verified that a certain principle is valid, it proceeds to
apply it to particular contexts.

Results
Diversity of mycorrhizal fungi

Arbuscular mycorrhizal fungi are organisms belonging
to the Fungi kingdom, which has been ranked as the
second most diverse after insects (Purvis and Hector,
2000). As of 2018, fungal organisms were estimated to
include 65 000 true fungi (Eumycota), 16 000 asexual
(also known as mitosporic or anamorphic), 889
organisms belonging to the Tramenophiles, Alveolata
and Rhizaria (SAR) group and Chromista, as well as 960
Protozoa and Amoebozoa (Kirk et al., 2010).

In recent decades, with the application of molecular
techniques for the identification of organisms, the tax-
onomic classification has been modified, creating new
taxonomic divisions (Wu et al., 2019) and recalculating
the diversity of fungi existing on the planet.

Several authors have tried to quantified fungal
diversity based on different criteria, so there are
discrepancies in the number calculated. For example,
the approximation made by Hawksworth and Liicking
(2017), from the rate fungi description based on the
species contained in the “Dictionary of the Fungi” by
Kirk et al. (2010), mentions that, the species of these,
ranges between 2.2 and 3.8 million worldwide.

However, Dai et al. (2015) approximated an average
increase of 110 genera and 1 397 new species every
year beginning in 2001, based on an analysis of taxa
introduced over seven decades, beginning in 1943 and
continuing through 2008. This figure is congruent with
another estimated from species described with the
use of next-generation sequencing technology, which
claims that there are between 3.5 and 5.1 million fungal
species in the world (Blackwell, 2011).

This discrepancy in values is due to the fact that the
estimate of 2.2 to 3.8 million fungal species has only
accounted for the cultivated fungi, underestimating
diversity by not considering that non-cultivated
species exist (Wu et al, 2019), in addition to the
fact that, in certain countries and poorly studied

Herrera-Monroy et al.

diversity" +"review" y 61 resultados de la oracion
"arbuscular mycorrhizal fungi" +"diversity", citando
solo aquellos coninformacion no repetiday de interés
para el presente trabajo. A pesar de que los trabajos
encontrados con la metodologia anteriormente
descrita contenian informacion relevante, fue
necesario consultar algunas fuentes referidas por los
articulos revisados para enriquecer la discusion.

La informacion recabada fue ordenada y discutida
de acuerdo a la jerarquia general presentada en los
trabajos revisados, de tal manera que se sigue un
método deductivo, el cual facilita cumplir el objetivo
de este escrito, pues acorde con lo dicho por Prieto
Castellanos (2017) permite pasar de principios
generales a hechos particulares, es decir, una vez
comprobado y verificado que determinado principio es
valido, se procede a aplicarlo a contextos particulares.

Resultados
Diversidad de hongos micorrizicos

Los hongos micorrizicos arbusculares son organismos
pertenecientes al reino Fungi, el cual se ha catalogado
como el segundo mas diverso, solo después del de
los insectos (Purvis y Hector, 2000). Para el afo 2008
se estimaba que los organismos fungosos incluian
65 000 hongos verdaderos (Eumycota), 16 000
asexuales (también conocidos como mitosporicos o
anamorfos), 889 organismos pertenecientes al grupo
Stramenophiles, Alveolatay Rhizaria (SAR) y Chromista,
asi como 960 Protozoa y Amoebozoa (Kirk et al., 2010).

En las Gltimas décadas, con la aplicacion de técnicas
moleculares para la identificacion de organismos, la
clasificacion taxonémica se ha modificado, creandose
nuevas divisiones taxondmicas (Wu et al, 2019) y
recalculando la diversidad de hongos existentes en el
planeta.

Varios autores han intentado cuantificar la diversidad
flngica basandose en diferentes criterios, por lo que
existen discrepancias en el nimero calculado. Por
ejemplo, la aproximacion hecha por Hawksworth y
Liicking (2017), a partir de la tasa de descripcion de
hongos con base en las especies contenidas en el
“Diccionario de los Hongos” de Kirk et al. (2010),
menciona que, las especies de estos, oscila entre 2.2y
3.8 millones en todo el mundo.

Sin embargo, Dai et al. (2015), aproximé un incremento
promedio de 110 géneros y 1 397 nuevas especies
cada ano a partir del 2001, basandose en un analisis
de los taxones introducidos durante siete décadas,
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areas, more than 90 % of collected specimens are
undescribed (Hyde et al., 2018), so it is theorized that
only 7 % of fungal species have been documented so
far (Pérez-Moreno et al., 2020).

In an attempt to overcome the limitations described
above, ithas recently been decided to use a classification
based on grouping by operation taxonomic units (OUT's),
detected from culture-independent approaches,
including temperature gradient gel electrophoresis
(also known as TGGE), denaturing gradient gel
electrophoresis (DGGE), single-strand conformation
polymorphism (SSCP), restriction fragment length
polymorphism (RFLP), terminal restriction (TRFLP),
amplified ribosomal DNA restriction analysis (ARDRA),
454 pyrosequencing and Illumina MiSeq sequencing.
Thus, by grouping by OTU’s, an approximate of 12
million fungal species has been estimated considering
cultivable and non-cultivable one (Wu et al., 2019).

Although there is discrepancy between the number of
existing fungal species, it is known that a significant
percentage is constituted by mycorrhizal fungi, which
belong to a large group of organisms exclusive to the
rhizosphere and are associated with 92 % of vascular
plants (Brundrett and Tedersoo, 2018).

Taxonomy of arbuscular mycorrhizal
fungi (AMF)

Mycorrhiza is defined as the mutualistic and trophic
relationship established between fungi and lower
chlorophyticand achlorophytic plants (such as araucaria
Albina) (Soto Sogamoso et al., 2022; Rivera et al., 2016;
Pérez et al., 2015; Honrubia, 2009). Thus, mycorrhizal
fungi are organisms that establish relationships with
roots and other plant organs such as rhizomes, in the
case of lower plants (orchids, for example) that lack of
roots (Honrubia, 2009).

These organisms appeared in the world 462 million
years ago (Bonfante, 2018; Kirk et al., 2020) and
began to be used together with nitrifying crops by
the Romans in 300 BC, but was not until 1877 that
forest pathologist A. B. Frank and Gibelli coined the
term mycorrhiza (Bonfante, 2018). By 1900, the French
botanist Bernard highlighted their importance by
studying then in orchids (Camargo-Ricalde et al., 2012).

There are different types of mycorrhizae, which are
classified in two main groups, according to the fungal
and plant species that establish the association, as
well as the nutritional strategy they use (Smith and
Read, 2008):

comenzando en 1943 y hasta 2008. Esta cifra es
congruente con otra estimada a partir de las especies
descritas con el uso de tecnologia de secuenciacion
de proxima generacion, la cual sostiene que existen
entre 3.5 a 51 millones de especies fiingicas en el
mundo (Blackwell, 2011).

Esta discrepancia de valores es debida a que el calculo
de 2.2 a 3.8 millones de especies flngicas solo ha
contabilizado hongos cultivables, subestimando la
diversidad al no considerar que existen especies no
cultivables (Wu et al., 2019), ademas de que, en ciertos
paises y areas poco estudiadas, mas del 90 % de los
especimenes recolectados no estan descritos (Hyde et
al., 2018), por lo que se teoriza que Gnicamente el 7 %
de las especies fungosas han sido documentadas hasta
el momento (Pérez-Moreno et al., 2020).

Para intentar solventar las limitantes descritas ante-
riormente, en (ltimas fechas se ha optado por utilizar
una clasificacion basada en agrupacion por unidades
taxondmicas operativas (OTU's por sus siglas en inglés),
detectadas a partir de enfoques independientes del
cultivo, incluidos electroforesis en gel de gradiente
térmico (también conocido como TGGE, por sus siglas
en inglés), electroforesis en gel de gradiente desna-
turalizante (DGGE), polimorfismo de conformacion de
cadena Gnica (SSCP), polimorfismo de longitud de frag-
mento de restriccion (RFLP), polimorfismo de longitud
de fragmento de restriccion terminal (TRFLP), Analisis
de restriccion de ADN ribosomal amplificado (ARDRA),
pirosecuenciacion 454 y secuenciacion Illumina MiSeq.
Es asi como mediante la agrupacion por OTU's, se ha
estimado un aproximado de 12 millones de especies
fingicas considerando las cultivables y no cultivables
(Wu et al., 2019).

Si bien existe discrepancia entre el nimero de especies
fungosas existentes, se sabe que un porcentaje
importante esta constituido por hongos micorrizicos,
los cuales pertenecen a un gran grupo de organismos
exclusivos de la rizosfera y que se asocian con el 92 %
de las plantas vasculares (Brundrett y Tedersoo, 2018).

Taxonomia de hongos micorrizicos
arbusculares (HMA)

Se define como micorriza a la relacion mutualista y
trofica establecida entre hongos y plantas inferiores
clorofiticas y aclorofiticas (como la araucaria albina)
(Soto Sogamoso et al.,, 2022; Rivera et al., 2016; Pérez
et al, 2015; Honrubia, 2009). De esta manera, los
hongos micorrizicos son organismos que establecen
relaciones con raices y otros organos vegetales como
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a) Those that form fungal mantle: Referred
to those that do not have the possibility to
penetrate the cortical cells of the root and,
therefore, form a layer on the surface of the young
roots when they are anchored. Taking this into
account, the diagnostic structures for this type
of mycorrhizae are the fungal mantle or Hartig
net, and the external vegetative mycelium that
emerges from the roots (Pérez-Moreno and Read,
2004). Within this group are ectomycorrhizae,
ectendomycorrhizae, arbutoid mycorrhizae and
monotrophic mycorrhizae (Camargo-Ricalde et al.,
2012; Smith and Read, 2008).

b) Those that do not form fungal mantle:
These are able to penetrate in the cortical cells of
the roots, so that the formation of fungal mantles
is not observed; in this group we find arbuscular
mycorrhizae, ericoid mycorrhiza and orchid my-
corrhiza (Camargo-Ricalde et al, 2012).

From these two main groups, subcategories are
derived, according to the plant species with which the
mycorrhizae are associated, as well as some particular
characteristics shown in Chart 1.

Following this classification, it is estimated that,
of the total of plant species, 8 % corresponding to
some carnivorous, parasitic and epiphytic plants do
not generate mycorrhizal associations, while 7 % of
these present inconsistent associations (between
mycorrhization one cycle and no mycorrhization
the other, dual mycorrhization, etc.), 2 % with
ectomycorrhizae, 1.5 % with ericoid mycorrhizae,
10 % with orchideoid, and the remaining 72 % are
associated with arbuscular mycorrhizae (Brundrett
and Tedersoo, 2018).

In addition to the latter group being the one associated
with the largest number of plant species, they are also
the most widely adapted with 250 species identified
(Diagne et al., 2020) and 343 described (Redecker et al.,
2013), they are mainly distributed in places with sandy
soils, warm-dry, warm-humid, and temperate-cold
climates (Smith and Read, 2008, cited by Camargo-
Ricalde et al., 2012).

Fungi that form arbuscular mycorrhizae are placed in
the Phylum Mucoromycota, Subphylum Mucoromy-
cotina, Mortierellomycotina and Glomeromycotina
(Bonfante, 2018), including three classes: Glomeromy-
cetes, Archaeosporomycetes y Paraglomeromycetes
(Tedersoo et al., 2018). In 2001, Walker Arthur SchiBler
and Christopher performed a reclassification of spe-

Herrera-Monroy et al.

rizomas, en el caso de plantas inferiores (orquideas,
por ejemplo) que carecen de raiz (Honrubia, 2009).

Estos organismos aparecieron en el mundo hace 462
millones de anos (Bonfante, 2018; Kirk et al., 2010) y
comenzaron a emplearse junto con cultivos nitrificantes
por los Romanos en el ano 300 a. de C,, pero fue hasta
el ano 1877 que los patologos forestales A. B. Frank
y Gibelli acufiaron el término micorriza (Bonfante,
2018). Para 1900, el botanico francés Bernard resaltd
su importancia al estudiarlas en orquideas (Camargo-
Ricalde et al., 2012).

Existen diferentes tipos de micorrizas, mismas que se
clasifican en dos grupos principales, segiin las especies
flngicas y vegetales que establecen la asociacion, asi
como la estrategia nutricional que emplean (Smith y
Read, 2008):

a) Las que forman manto fiingico: Referidas a
aquellas que no tienen la posibilidad de penetrar
las células corticales de la raiz y, por ende, forman
una capa en la superficie de las raices jovenes
donde se anclan. Teniendo esto en consideracion,
las estructuras de diagnostico para este tipo de
micorrizas son el manto fingico o red de Hartig,
y el micelio externo vegetativo que emerge a
partir de las raices (Pérez-Moreno y Read, 2004).
Dentro de este grupo, estan las ectomicorrizas,
ectendomicorriza, micorriza arbutoide y micorriza
monotropoide (Camargo-Ricalde et al., 2012; Smith
y Read, 2008).

b) Las que no forman manto fiingico: Estas son
capaces de penetrar en las células corticales de
las raices, por lo que no se observa la formacion
de mantos flngicos, en este grupo encontramos
a las micorrizas arbusculares, micorriza ericoide y
orquideoide (Camargo-Ricalde et al., 2012).

A partir de estos dos grandes grupos, se derivan
subcategorias, segin las especies vegetales con
la que las micorrizas se asocian, asi como algunas
caracteristicas particulares que se muestran en el
Cuadro 1.

Siguiendo esta clasificacion, se estima que, del total
de especies vegetales, el 8 % correspondiente a
algunas plantas carnivoras, parasitas y epifitas, no
generan asociaciones micorricicas, mientras que el
7 % de estas, presentan asociaciones inconsistentes
(entre micorrizacion un ciclo y no micorrizacion al otro,
micorrizacion dual, etc.), 2 % con ectomicorrizas, 1.5 %
con micorrizas ericiodes, 10 % con orquideoide, y el
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cies, relying on molecular phylogeny combined with
morphologic evidence, so that, as of 2019 four orders
(Glomerales, Diversisporales, Paraglomerales and
Archaeosporales) were still considered, 11 families
(Glomeraceae, Claroideoglomeraceae, Gigasporaceae,
Acaulosparaceae, Entrophosporaceae, Pacisporaceae,
Diversispraceae, Paraglomeraceae, Geosiphonaceae,
Ambisporaceae and Archaeosporaceae) and 25 defined
genera plus nine comprising species with uncertain
classifications (Redecker et al, 2013; Schubler and
Walker, 2010).

Chart 2 shows the classification of the eight most
studied genera, according to several authors.

Herrera-Monroy et al.

72 % restante se asocian con micorrizas arbusculares
(Brundrett y Tedersoo, 2018).

Ademas de que este dltimo grupo es el que se asocia
con un mayor niimero de especies vegetales, también
son las mas ampliamente adaptadas con 250 especies
identificadas (Diagne et al., 2020) y 343 descritas
(Redecker et al., 2013), se distribuyen principalmente
en lugares con suelos arenosos, clima calido-seco,
calido-hiimedo, y templado-frio (Smith y Read, 2008,
citados por Camargo-Ricalde et al., 2012).

Los hongos que forman micorrizas arbusculares, se
ubican en el Phylum Mucoromycota, Subphylum Muco-

Chart 2. Classification of the most studied AMF according to Montano et al., 2007, modified with information of Camarena-

Gutierrez (2012) and Schoch et al., 2020.

Cuadro 2. Clasificacion de los HMA mas estudiados de acuerdo con Montaio et al., 2007, modificado con informacion de
Camarena-Gutierrez (2012) y Schoch et al., 2020

Class / Clase Order / Orden

Suborder /Suborden

Family / Familia

Genera /Géneros

Glomerals

Diversisporales

Glomeromycetes

Paraglomerales

Archaeosporales

Glomeromycete

Uncertain

N. A.

N. A

N. A.

Glomeraceae

Acaulosporaceae

Gigasporaceae

Diversisporaceae

Pacisporaceae

Paraglomaceae

Archaeosporace

Ambisporaceae

Glomus
Sclerocystis
Rhizoglomus
Rhizophagus

Acaulospora

Entrophospora
Gigaspora
Scutellospora

Diversispora

Pacispora

Paraglomus

Archaeospora

Ambispora

Source: Montafio et al. (2007), Camarena-Gutierrez (2012), modified by Herrera-Monroy (2018), with information of Schoch et al, (2020). /
Fuente: Montafio et al. (2007), Camarena-Gutierrez (2012), modificado por Herrera-Monroy (2018), con informacion de Schoch et al. (2020).
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The genera of the order Glomerales are the most
studied. These are characterized by having asexual
spores and cenocitic hyphae distributed in the soil,
and the genetic diversity present in these structures
is unknown because they are multinucleated (Smith
and Read, 2008).

Its classification is based on molecular tools and spore
morphology, where the wall structure, size, shape,
color, ornamentation of the supporting hyphae and
occlusion are the main criteria for species delimitation.
Previously, propagation under controlled conditions
was necessary, since spores collected directly from
the field could be damaged by parasites and have a
variable physical appearance (Valera and Trejo, 2001),
however, with the advance of molecular technology and
the use of ribosomal RNA (rARN), and the sequencing
of the Internal Transcribed Spacer (ITS) region, which
is located between the 18S rRNA, 5.8S rRNA and 28S for
eukaryotes), as well as clustering in OTUs, it is possible
to identify mycorrhizal fungi accurately (Bonfante, 2018)
and without the need for cultivation.

National taxonomic diversity of
arbuscular mycorrhizal fungi (AMF)

So far, the concept of AMF diversity has been addressed
at morphological and molecular level, however, there
is another level known as functional, which probably
allows the greatest variety and depth in defining the
diversity of mycorrhizal fungi (Sanders et al., 1999).

Studies with AMF have focused mainly on determining
the response of the mycorrhiza plant, without careful
consideration of the endophyte, giving the impression
that these fungi are functionally equivalent, contrary
to this assumption, it has been shown that they have a
great physiological diversity and specific adaptations
to the environmental-edaphic conditions in which
they develop (Van der Heijden et al., 2015), so varied
responses (functional diversity) are also expected
when established in specific conditions.

Proof of this is that it has been observed that
mycorrhizal plants benefit in different magnitudes
depending on the AMF that colonize them and the
conditions under which they are grown (Smith and
Read, 2008), thus generating a geographic distribution
of genera and species of mycorrhizal fungi, which is
modified when some ecological variable changes.

In Mexico, arbuscular mycorrhizal fungi (AMF) are
present in all ecosystems, but due to the edaphic and
climatic conditions of the country, a greater abundance
of these fungi would be expected in forested regions
or regions with perennial crops. Despite this, and

romycotina, Mortierellomycotina y Glomeromycotina
(Bonfante, 2018), incluyendo tres clases: Glomeromy-
cetes, Archaeosporomycetes y Paraglomeromycetes
(Tedersoo et al., 2018). En el afio 2001 Walker Arthur
SchiiBler y Christopher realizaron una reclasificacion
de las especies, apoyandose en la filogenia mole-
cular combinada con evidencia morfologica, por lo
que, hasta 2019, se consideraban aun cuatro orde-
nes (Glomerales, Diversisporales, Paraglomerales y
Archaeosporales), 11 familias (Glomeraceae, Claroi-
deoglomeraceae, Gigasporaceae, Acaulosparaceae,
Entrophosporaceae, Pacisporaceae, Diversispraceae,
Paraglomeraceae, Geosiphonaceae, Ambisporaceae y
Archaeosporaceae) y 25 géneros definidos mas nueve
que comprenden especies con clasificaciones incier-
tas (Redecker et al., 2013; Schiibler y Walker, 2010).

En el Cuadro 2 se presenta la clasificacion de los ocho
géneros mas estudiados, segln varios autores.

Los géneros del orden Glomerales, son los mas
estudiados. Estos se caracterizan por tener esporas
asexuales grandes e hifas cenociticas distribuidas en
el suelo, ademas se desconoce la diversidad genética
gue esta presente en estas estructuras pues son
multinucleadas (Smith y Read, 2008).

Su clasificacion se apoya en herramientas mole-
culares y en la morfologia de las esporas, donde
la estructura de la pared, el tamano, forma, color,
ornamentacion de la hifa de sostén y de su oclusion,
son los principales criterios para la delimitacion de
especies. Anteriormente era necesaria su propaga-
cion en condiciones controladas, pues las esporas
recolectadas directamente de campo podian estar
dahadas por parasitos y tener un aspecto fisico
variable (Valera y Trejo, 2001), sin embargo, con el
avance de la tecnologia molecular y el uso de ARN
ribosomal (ARNr), y la secuenciacion de la region del
espaciador transcrito interno (ITS, siglas del idioma
inglés Internal Transcribed Spacer), los cuales se
encuentra entre los genes del 185 ARNr, 5.85 ARNr
y 28S para eucariontes), asi como las agrupaciones
en OTU’s, es posible identificar hongos micorrizi-
cos con precision (Bonfante, 2018) y sin necesidad
de cultivarlos.

Diversidad nacional taxonomica de
hongos micorrizicos arbusculares (HMA)

Hasta ahora, se ha abordado el concepto de diversidad
de los HMA a nivel morfolégico y molecular, sin
embargo, existe otro nivel conocido como funcional, el
cual probablemente es el que permite mayor variedad
y profundidad al definir la diversidad de los hongos
micorrizicos (Sanders et al., 1999).
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in congruence with the functional level of diversity
(Sanders et al, 1999), 105 AMF species have been
identified and recorded, of which, approximately
half have been found in arid and semi-arid climate
ecosystems (Durango, southern Hidalgo, Guanajuato,
Oaxaca, Puebla and Sonora) (Chimal-Sanchez et al.,
2020; Montafio et al., 2007), the remaining have been
studied in natural and agricultural systems in 11 states
of central-southern Mexico (Campeche, Chiapas,
Estado de México, northern Hidalgo, Morelos, Nayarit,
Oaxaca, Sonora, Tabasco, Veracruz, Yucatan) with other
climatic conditions (Montafo et al., 2007).

The most frequent genera described in tropical
and sub-tropical ecosystems are Acaulospora,
Clareideoglomus, Rizhophagus septoglomus,
Funneliformis, while Gigaspora and Diversispora in
arid and semi-arid, on the other hand, genus Glomus
has been documented throughout the country,
adapted to diverse edaphic conditions. Chart 3 shows
the AMF found in recent years in Mexico.

Mycorrhizal fungi as rhizospheric
microorganisms

The term Rhizosphere was proposed by Lorenzo Hitler,
who defined it as the soil compartment influenced by
plant roots, thus, rhizosphere is a soil layer only a few
millimeters thick, which possesses a great variety and
quantity of microorganisms (it is 10-100 times richer
in microorganisms than the rests of the strata), in it
takes place the release of 6-21 % of the carbon fixed
and secreted by the roots, in addition, it is the place
in the soil where most nutrient cycles occur, as well as
trophic interactions (Leveau, 2015).

Herrera-Monroy et al.

Los estudios con HMA se han enfocado principalmente
en determinar la respuesta de la planta a la micorriza,
sin considerar detenidamente al endofito, dando la
impresion de que estos hongos son funcionalmente
equivalentes, contrario a esta suposicion, se ha de-
mostrado que tienen una gran diversidad fisiologica y
adaptaciones especificas a las condiciones ambienta-
les-edaficas en las que se desarrollan (Van der Heijden
et al., 2015), por lo que se esperan también respuestas
variadas (diversidad funcional) cuando se establecen
en condiciones especificas.

Prueba de esto, es que se ha observado que las
plantas micorrizadas se benefician en diferente
magnitud dependiendo de los HMA que las colonicen
y las condiciones bajo las que se cultiven (Smith y
Read, 2008), generando asi una distribucion geografica
de abundancia de géneros y especies de hongos
micorrizicos, que se modifica cuando alguna variable
ecologica cambia.

En México, los hongos micorrizicos arbusculares
(HMA) estan presentes en todos los ecosistemas, pero
debido a las condiciones edaficas y climaticas del
pais, se esperaria una mayor abundancia de estos en
regiones boscosas o con cultivos perennes. A pesar
de ello, y en congruencia con el nivel funcional de la
diversidad (Sanders et al., 1999), se tienen identificadas
y registradas 105 especies de HMA, de las cuales,
aproximadamente la mitad se han encontrado en
ecosistemas de clima arido y semiarido (Durango,
sur de Hidalgo, Guanajuato, Oaxaca, Puebla y Sonora)
(Chimal-Sanchez et al, 2016; Chimal-Sanchez et al,,
2020; Montario et al., 2007), el resto se ha estudiado en
sistemas naturales y agricolas de 11 estados del centro

Chart 3. New species of arbuscular mycorrhizal fungi described in Mexico.
Cuadro 3. Nuevas especies de hongos micorrizicos arbusculares descritas en México.

Genus and Species /
Género y especie

Region /
Region

Author /
Autor

Diversispora trimurales
Gigaspora candida
Glomus corymbiforme

Septoglomus mexicanum

Tehuacan Valley, Oaxaca and Puebla

Guanajuato

(Chimal-Sanchez et al,, 2016)

(Chimal-Sanchez et al,, 2020)
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The extension and nature of rhizosphere is influenced
by abiotic agents such as pH, temperature, soil type,
humidity, nutrient concentration, among others,
and biotic agents where the mycorrhizal-plant
interaction is of particular importance, as it allows the
roots a larger exploration area in search of nutrients,
provides tolerance to some abiotic agents and
generates interactions with other microorganisms,
transforming the rhizosphere into a mycorrhizosphere
(Leveaus, 2015).

The benefits provided to the soil by the mycorrhizo-
sphere, as well as the interaction between plant-mi-
croorganisms, have been exploited by humans in the
production of food, regeneration or remediation of soil
contaminated with metals, forestry, production of orna-
mentals, as well as adaptation of crops to environments
with unfavorable edaphic and climatic conditions.

Influence of mycorrhizal fungi on plant
development

Despite the different classifications and their wide dis-
tribution, all mycorrhizae establish associations with
plant roots or structures that perform this function

- sur del pais (Campeche, Chiapas, Estado de México,
norte de Hidalgo, Morelos, Nayarit, Oaxaca, Sonora,
Tabasco, Veracruz, Yucatan), con otras condiciones
climaticas (Montafio et al., 2007).

Los géneros mas frecuentes descritos en ecosistema
tropicales y subtropicales son Acaulospora, Clarei-
deoglomus, Rizhophagus septoglomus, Funneliformis,
mientras que Gigaspora y Diversispora en aridos y
semiaridos, por otro lado, el género Glomus ha sido
documentado en todo el pais, adaptado a diversas
condiciones edaficas. En el Cuadro 3, se han colocado
los HMA encontrados en anos recientes en México.

Hongos micorrizicos como
microorganismos rizosféricos

El término Rizosfera fue propuesto por Lorenzo Hitler,
quien lo definio como el compartimento del suelo in-
fluenciado por las raices de las plantas, de este modo,
la rizosfera es una capa del suelo de apenas unos
milimetros de espesor, que posee una gran variedad
y cantidad de microorganismos (es de 10-100 veces
mas rico en microorganismos que el resto de los es-
tratos), en ella se lleva a cabo la liberacion del 6-21 %

Figure 2. Mycorrhization process of superior plants. A and B spores of arbuscular mycorrhizal fungi (AMF); C seed germination
with AMF spores; D and E root development of mycorrhizal plants; F AMF vesicles growing inside roots.

Figura 2. Proceso de micorrizacion de plantas superiores. A y B esporas de hongos micorrizicos arbusculares (HMA); C semilla
germinando con esporas de HMA; D y E desarrollo de raiz de plantas micorrizadas; F vesiculas de HMA creciendo en el

interior de raices.
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in lower plants, where a contact interface between
hyphae and plant cells is observed, it is in this region
where nutrient exchange takes place (Honrubia, 2009)
and protection against edaphic (Camarena-Gutierrez,
2012; Diagne et al., 2020) and foliar pathogens is given
(Herrera-Monroy et al., 2018; Juarez-Garcia et al., 2021).
Due to the mutualistic association that is established,
plant species have a physiology and ecology different
from those that do not form it, being the greatest
radical development a key point for the survival of a
great diversity of plant species in varied ecosystems
(Brundrett and Tedersoo, 2018).

The best known example of the application of this
interaction is the inoculation of rhizospheric microor-
ganisms (both fungi and bacteria) that promote root
growth and the absorption of nutrients such as phos-
phorus and nitrogen. This last practice is considered
as biofertilization, since the visual effect of inoculated
plants is compared with fertilization; that is, plants
that establish associations with beneficial fungal or
bacterial organisms show greater growth and develop-
ment that those that do not, as happens when a plant
is fertilized (Brundrett and Tedersoo, 2018).

In 2021, biofertilization combined with chemical
fertilization and the application of organic fertilizers
has been a proposed alternative to improve the
yields of several crops (Wangiyana et al., 2023), since
the increase in the prices of fuels and inputs such as
nitrogen and phosphorus fertilizers, due to the war
conflict between Russia and Ukraine (Suarez, 2022;
SNIIM, 2023), as well as other factors that generate
uncertainty, has caused a crisis of supply and access
to them (FAO, 2022).

Specifically, inoculation with mycorrhizal fungi has
shown acceptance among growers (Carrillo-Saucedo
et al., 2022), since their colonization induces a rela-
tively rapid and evident change in the root microen-
vironment, in such a way that the ecological niche of
pathogens that can attack the host plant is modified.
In addition, colonization favors the lignification of
roots, increasing their volume and resistance, as
well as the activation of host defense mechanisms
(Poveda et al., 2019; Pozo and Azcon-Aguilar, 2007).
Guzman-Plazola and Ferrera-Cerrato (1990) state that
this behavior is due to the fact that the stablished
symbiosis favors an increase in physical absorption
(increase in the area of soil in contact with the my-
corrhiza) and this results in a greater capacity of the
roots to absorb phosphorus, as well as other ions
that are not very mobile.

Likewise, Gonzalez-Ramirez and Pupo-Feira (2017)
state that an increase in the mobility of elements

Herrera-Monroy et al.

del carbon fijado y secretado por las raices, ademas,
es el lugar del suelo donde ocurre la mayor parte de
ciclos de nutrimentos, asi como interacciones troficas
(Leveau, 2015).

La extension y naturaleza de la rizosfera se ve influen-
ciada por agentes abidticos como pH, temperatura,
tipo de suelo, humedad, concentracion de nutri-
mentos, entre otros, y bidticos donde la interaccion
micorriza-planta tiene una particular importancia,
pues permite a las raices una mayor area de explo-
racion en busca de nutrientes, brinda tolerancia ante
algunos agentes abioticos y genera interacciones con
otros microorganismos, transformado a la rizosfera en
mico-rizosfera (Leveau, 2015).

Los beneficios proporcionados al suelo por la
mico-rizosfera, asi como la interaccion entre planta-
microorganismos han sido aprovechados por el ser
humano en la obtencion de alimentos, regeneracion
o remediacion de suelos contaminados con metales,
explotacion forestal, produccion de ornamentales,
asi como adaptacion de cultivos a ambientes con
condiciones edaficas y climaticas desfavorables.

Influencia de los hongos micorrizicos en
el desarrollo vegetal

A pesar de las diferentes clasificaciones y de su
amplia distribucion, todas las micorrizas establecen
asociaciones con las raices vegetales o estructuras
que desempenan esta funcion en plantas inferiores,
donde se observa una interface de contacto entre hifas
y células vegetales, es en esta region donde se lleva
a cabo el intercambio de nutrientes (Honrubia, 2009)
y se da una proteccion contra patogenos edaficos
(Camarena-Gutierrez, 2012; Diagne et al, 2020) y
foliares (Herrera-Monroy et al., 2018; Juarez-Garcia
et al.,, 2021). Debido a la asociacion mutualista que
se establece, las especies vegetales presentan una
fisiologia y una ecologia diferentes de aquéllas que no
la forman, siendo el mayor desarrollo radical un punto
clave para la supervivencia de una gran diversidad de
especies vegetales en ecosistemas variados (Brundrett
y Tedersoo, 2018).

El ejemplo mas conocido de la aplicacion de esta
interaccion es la inoculacion de microorganismos
rizosféricos (tanto hongos como bacterias) promotores
de crecimiento radical y de absorcion de nutrimentos
como fosforo y nitrogeno. Esta dltima practica es
considerada como biofertilizacion, pues se compara
el efecto visual de las plantas inoculadas con la
fertilizacion; es decir, las plantas que establecen
asociaciones con organismos fungosos o bacterianos
benéficos presentan un mayor crecimientoy desarrollo
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such as phosphorus, zinc, boron, magnesium, iron,
among others, is propitiated through the fungal hy-
phae in the regions close to the root, in turn, organic
acids and other compounds that convert elements
fixed in the soil into soluble substances, generating
an increase in the biological activity of the rhizo-
sphere, accelerating the processes of mineralization
and recycling of nutrients.

Regarding the increase in absorption mentioned above,
this depends directly on the length that the hyphae
of the mycorrhizal fungus reach during the symbiosis,
as well as on the mycorrhizal species, but increases in
phosphorus absorption ranging from 85 to 95 % are
reported (Abou-El Seoud et al., 2020).

Role of mycorrhizal fungi in soil
aggregate formation

It should be referenced that the soil aggregation
process is complex and hierarchically structured
(Morris et al., 2019), in which numerous organisms and
cementing agents, as well as the abiotic factors play
key roles (Yudina and Kuzyakov, 2019).

Arbuscular mycorrhizal fungi are an example of these
organisms that favor the formation of soil structure
through different mechanisms, the most direct of
which is the effect on root development caused by
their association with superior plants, which in turn
generates soil retention. This process favors the con-
solidation of macro aggregates (>250 um in diameter)
in the edaphic structure (Morell et al., 2009; Morris
et al., 2019). However, its effect is more profound,
since AMF, in addition to favoring the development of
the plant root system, during the symbiotic process
develops hyphae and secretes cementing agents (Li
et al., 2022).

On the one hand, hyphae functions as micro-networks
that retain soil, while, during their biological cycle
and mainly when decomposing, secrete glomalin, an
insoluble glycoprotein, very abundant in mycorrhizal
soils that favors the binding of fine particles and the
formation of micro-aggregates (53 - 250 pm in diame-
ter) (Morell et al., 2009).

Both the formation of edaphic micro and macro ag-
gregates, and their retention and stabilization, favor
a desirable composition of the soil structure, since
the special and quantitative distribution of these is
involved in the distribution of pores that in turn in-
fluence the bulk density and, therefore, the capacity
of soil to retain water and air in optimal quantities to
allow the development of life.

que aquellas que no lo hacen, tal como sucede cuando
una planta es fertilizada (Brundrett y Tedersoo, 2018).

En el ano 2021 la biofertilizacion combinada con la
fertilizacion quimicaylaaplicacion de abonos organicos,
ha sido una alternativa propuesta para mejorar los
rendimientos de varios cultivos (Wangiyana et al., 2023),
pues el incremento de los precios de los combustibles e
insumos como fertilizantes nitrogenados y fosforados,
debido al conflicto bélico ocurrido entre Rusia y
Ucrania, (Suarez, 2022; SNIIM, 2023), asi como otros
factores que generan incertidumbre, ha provocado una
crisis de abastecimiento y acceso a estos (FAQ, 2022).

Especificamente la inoculacion con hongos
micorrizicos ha mostrado tener aceptacion entre los
productores (Carrillo-Saucedo et al, 2022), pues la
colonizacion de estos induce un cambio relativamente
rapido y evidente en el microambiente de las raices,
de tal forma que se modifica el nicho ecologico de los
patogenos que pueden atacar a la planta hospedera.
Ademas, la colonizacion favorece la lignificacion de
las raices incrementando su volumen vy resistencia,
asi como la activacion de mecanismos de defensa del
huésped (Poveda et al., 2019; Pozo y Azcon-Aguilar,
2007). Guzman-Plazola y Ferrera-Cerrato (1990),
mencionan que este comportamiento es debido a que
la simbiosis establecida propicia un incremento de
la absorcion de caracter fisico (aumento del area del
suelo en contacto con la micorriza) y esto tiene como
consecuencia una mayor capacidad de las raices para
absorber fosforo, asi como otros iones poco maviles.

De igual manera Gonzalez-Ramirez y Pupo-Feira (2017),
plantean que se propicia un aumento de la movilidad
de elementos como fosforo, zinc, boro, magnesio,
hierro, entre otros, a través de las hifas del hongo en
las regiones proximas a la raiz, a su vez, se secretan
acidos organicos y otros compuestos que convierten
elementos fijados en el suelo en sustancias solubles,
generando un incremento de la actividad bioldgica de
la rizosfera, acelerando los procesos de mineralizacion
y reciclaje de nutrientes.

Respecto al incremento en la absorcion antes
mencionada, esta depende directamente de la longitud
que las hifas del hongo micorrizico alcanzan durante
la simbiosis, asi como de la especie micorrizada, pero
se reportan incrementos en la absorcion de fosforo
que van del 85 al 95 % (Abou-El Seoud et al., 2020).

El papel de los hongos micorrizicos en la
formacion de agregados del suelo

Es preciso referir que el proceso de agregacion del
suelo es complejo y jerarquicamente estructurado
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Conclusions

Arbuscular mycorrhizal symbiosis (AMF) is probably
the most widespread beneficial interaction between
plants and microorganisms. Several studies have
estimated their diversity and taxonomic status using
modern genomic tools. This information is important
to understand the symbiotic relationships that are
generated and that impact the nutrition, development
and growth of host plants.

In recent years, the use of AMF as components of bio-
fertilization products has become widespread since
they improve crop responses to biotic/abiotic stress
and participate in a number of essential ecosystem
processes such as the formation of soil aggregates.
Due to these characteristics, they have positioned
themselves as an alternative with efficient results
to substitute, or at least reduce, the application of
chemical fertilizers whose prices threaten the costs
of world agriculture.

On the other hand, the information available on
arbuscular mycorrhizal fungi is sufficient to know
and deepen in topics related to the taxonomy and
relationships of these microorganisms with plants, as
well as their role in the environment; however, 90 % of
the articles found address particularities not relevant
to this work or redundant information, in addition to
the fact that most of the research is of limited access,
making it impossible to disseminate the information
for its subsequent application.
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