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Abstract

The knowledge about the genetic and the functional diversity of Arbuscular Mycorrhizal Fungi (AMF) is
an important ecological issue that deserves greater research efforts specially when trying to use them into
biotechnological approaches in agriculture, horticulture, forestry and ecological restoration. Genetic diversity of
AMEF is almost unexplored in Mexico. In turn, the functional diversity of these fungi has been poorly evaluated from
some ecological studies. However, based on the beneficial effects on growth promotion and nutrition of plants of
agronomic importance, some promising strains and consortia of AMF have been obtained. This work shows the
beneficial effects of AMF that were isolated from several regions of the Mexican Republic, and to highlight the
need to explore the genetic and the functional diversity of AMF from different ecosystems and agrosystems of
Mexico, which is considered not only as one of the most biodiverse countries but also for being a domestication

center for several cultivated plants which are important from a cultural and a human nutrition point of view.

Keywords: Mycorrhizal symbiosis; Diversity; Effectiveness;
Agriculture; Horticulture; Forestry; Inoculum; Single species; Fungal
consortia

Introduction

The vast diversity of vascular plants in Mexico (23,424 species
approximately [1]) makes this country the fifth megadiverse country
in the world, and the third due to its number of endemic species [2].
In addition, Mexico is considered an important country for plant
domestication center in the American Continent since it is estimated
that at least 118 plant species were partially or completely domesticated
by pre-Hispanic farmers [3]. Moreover, 15.4% of plants utilized for
human consumption were originated from Mesoamerican regions of
Mexico [2]. Thus, tomato (Solanum lycopersicum L.), several pepper
varieties (Capsicum spp.), chayote [Sechium edule (Jacq.) Sw.], cotton
(Gossypium hirsutum L.), avocado (Persea americana Mill.), tobacco
(Nicotiana tabacum L.), camote (Ipomoea batatas L.), cacao (Theobroma
cacao L.), peanut (Arachis hypogaea L.), squash (Cucurbita spp.), vanilla
(Vanila plannifolia Jacks. ex Andrews), amaranthus (Amaranthus
hypocondriacus L.), corn (Zea mays L.) and bean (Phaseolus vulgaris L.)
are clear example of domesticated plants originated from Mexico [2].
The Mexican territory also presents wild populations of the mentioned
plant species as well as species that are phylogenetically related [4,5]
with a high biotechnological potential and because their genomes offer
the chance for identifying genes to confer resistance to environmental
adverse conditions or to pathogens attack, which may be inserted in
susceptible agricultural plants to those constraining growth factors.

The plants previously indicated not including amaranthus
(Amaranthaceae) and vanilla (Orchidaceae), have been demonstrated
to show symbiosis with arbuscular mycorrhizal fungi (AMF) [6-9].
Nevertheless, the mycorrhizal status of few plant species of Mexico
(cultivated or wild type) has been empirically determined. Moreover,
the AMF functionality under field conditions and most importantly,
the AMF diversity in the rhizosphere of those plants have been
poorly described. There are records about AMF species in at least 40
plants species (cultivated or wild type) in Mexico, thus showing the
tremendous gap in the knowledge of AMF diversity even though these
fungi are considered as a crucial biological component for sustainable
crop management. As a common agricultural practice in Mexico, most

of the field studies have been focused on the inoculation of a single
AMF species of Glomus and in many cases this fungal species was
obtained from foreign countries. In opposite way, the inoculation of
plants with AMF species or consortia isolated from Mexico is limited.

Therefore, the aim of this review is to show the recent advances
on the study of AMF richness in Mexico, the potential application of
these beneficial fungi, the main AMF species that are being utilized,
and the existent gaps in the knowledge of these important mutualistic
symbionts.

AMF diversity in agrosystems

Table 1 shows the AMF identified from the rhizosphere of cultivated
sixteen plants in Mexico. The highest numbers of AMF species from
agrosystems in Mexico were recorded from plant species such as corn,
avocado, coffee, and bean (48, 36, 26 and 25 fungal species, respectively),
crops that are relevant for this country due to their cultural and food
importance since pre-Hispanic periods [10-12], and to their traditional
use in many regions of Mexico. For example, corn cropping is associated
to the economy, traditional rituals, life organization, and work. Thus,
the cropping system known as “milpa” is based on the cultivation of
different plant species under several geographical areas of Mexico, by
which soil conservation, plant diversity and sustainability is favored
[12,13]. Table 1 also shows that only one corn cropping in combination
with squash and bean plants has been studied and in which six AMF
species were identified. Nevertheless, more research efforts must
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Agrosystems Plant species Common name Total AMF species recorded AMF_recorded_as possible new fungal
species for science

Intensive agriculture Zea mays L. corn 48 (929 2004 20 1991

Vicia faba L. Faba bean 1209

Phaseolus vulgaris L. Bean 2593

Vicia hirsuta (L.) Gray Small pea 10 3

Saccharum officinarum L. Sugar cane 9 [93.43]

Zea mays- Phaseolus vulgaris- | .. poon squash policulture 613

Cucurbita pepo L.

Solanum tuberosum L. Potato 109
Fruit trees Malus domestica L. Apple 4199

Prunus domestica L. Plum 23

Cocos nucifera L. Coconut 2193

C/t(us aurantifolia (Christm.) Lemon 2 116]

Swingle

Citrus aurantium L. Orange 20

Musa cavendishii Lambert &

Banana 1193

Paxton
Agroforestry systems | Coffea arabica L. Coffee 26 [1093] 7u

Carya illinoensis (Wangehn.) Nut 1 )

Koch.

Persea americana Mill. Avocado 36 171 1001

Numbers in brackets represent the source of the information.

Table 1: Plant species cultivated in Mexico in which their symbiosis with arbuscular mycorrhizal fungi (AMF) has been recorded.

be directed for studying the AMF diversity under these traditional
cropping systems along this country.

Another example is represented by coffee plantations, although
coffee plants are not originally from Mexico, this crop has been well
adapted in this country and many coffee plantations are commonly
established as part of or in substitution of the forest cloud mountain
[14]. Trejo et al. [15] studied the beneficial effects of seven AMF
consortia isolated from coffee plantations with different agricultural
inputs (low, intermediate, and high) on the growth of coffee plants
(Coffea arabica L.) var. Garnica under nursery and field conditions.
Their results demonstrated that greater agricultural inputs in coffee
plantations negatively influenced the spore and species numbers, and the
effectiveness on plant growth. Thus, the most effective AMF consortia
on plant growth promotion and survival under field conditions were
collected from intermediate-input agricultural plantations, which also
had the greatest number of AMF species.

It is clear that in spite of the traditional and economic importance
of those agrosystems the research focused on the genetic and functional
diversity of AMF is still scarce. Nevertheless, the described studies
set the basis for investigating in a systematic and an integral way the
communities of AMF; however, data have been estimated in global
approaches by which is still needed the further exploration of the
structure and the function of AMF communities in several Mexican
agrosystems.

AMEF diversity and effectiveness in wild plant species

There are few studies in Mexico focused on exploring the
morphological and/or the functional diversity of native AMF for
biotechnological application in commercial plant production for either
agricultural (ornamental crops, fruit crops, protected agriculture, seed
beds, liner production, etc.) or environmental purposes (ecological
restoration, detoxification of contaminated soil with organic or
inorganic pollutants) [16-20]. In the case of natural ecosystems, there
are some records of AMF species from arid and semiarid regions,
mountain rain forests, grasslands, and coastal dunes [21].

In contrast some AMF species have been described from the
rhizosphere of wild plants with ecological importance such as
Mammilaria gaumeri (Britton & Rose) Orcutt., Pterocereus gaumeri
(Britton & Rose) Th. MacDoug & Miranda [22], Stenocereus
queretaroensis (EA.C. Weber) Buxb. [23], Prosopis laevigata (H. &
B. ex Willd.) Johnst. [24], Fouquieria columnaris (Kellog) Kellog ex
Curran [25], Coryphanta radians (De Candolle) Britton et Rose,
Echinocactus platyacanthus Link & Otto, Ferocactus latispinus Britton
& Rose, M. compresa DC, M. elongata DC, M. magnimamma Haw.,
M. sempervivi DC, Neolloydea conoidea (DC) Br. & R. [26], Bouteloa
curtipendula (Michx.) Torr. [27], Jacaratia mexicana A. DC [28], Dioon
merolae De Luca, Sabato & Vazquez-Torres, Ceratozamia matudae
Lundell and Zamia soconusensis Schutzman, Vovides & Dehgan
[29]. The benefits of native AMF species have been tested on plant
survival, growth and nutrient uptake when fungi were inoculated to
Acacia schaffneri (S. Watson) EJ. Herm., Mimosa biuncifera Benth.,
P laevigata [30], Astrocaryum mexicanum Liebm. ex Mart. [31],
Desmoncus orthacanthos Martius [32], Opuntia streptacantha Lemaire
[30,33], Agave angustifolia Haw. [34] and A. salmiana Otto [33,35]. For
those studies, the described native species of AMF were Funneliformis
geosporum, Glomus aggregatum, Gl. deserticola, Gl microaggregatum,
Gl. tortuosum, Gigaspora margarita, Rhizophagus intraradices (formerly
described as Glomus intraradices), Sclerocystis coremioides, S. sinuosa,
Scutellospora calospora, Sc. scutata, Racocetra gregaria and Ambispora
appendicula [36, 37].

On the other hand, Heliocarpus appendiculatus Turcz., Stemmadenia
donnell-smithii (Rose ex Donn. Sm.) Woodson [38], and Ruellia
nudiflora (Engelm. & Gray) Urban [39] are plants in which the benefits
of native AMF have also been tested. Results denote the significant role
of inoculating native fungal species for ecological restoration purposes,
in which their geographical and ecological origins are important
aspects that assure their benefits on plants in terms of better growth,
adaptation, and fitness to adverse conditions. In these regards, it has
been demonstrated that native AMF species from agrosystems are more
competitive for infecting roots of wild plants, but they are less efficient
for utilizing and grazing soil resources by which their symbiotic
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efficiency is low since AMF do not stimulate plant physiological or
biochemical responses [36]. On the contrary, there is not enough
information about the infectivity and effectiveness of AMF species
isolated from natural ecosystems when inoculated on cultivated plant
species [40]. Moreover, there is not information about the competition
and displacement among AMF species under natural conditions, and
especially on the possible competition of introduced foreign fungal
species on the communities of native species [41].

About the global knowledge and importance of AMF in Mexico it is
possible to highlight the following aspects: 1) the recorded AMF species
represents only 46% of those identified species worldwide, which means
107 AMF species of the total 235 [21,42]; 2) six AMF were described
for the first time from Mexican specimens, three of them (Acaulospora
foveata, A. scrobiculata and Sclerocystis clavispora) were collected from
sugar cane cropping [43-47]; 3) in most of the studies focused on AMF
diversity more than 50% of the isolated species do not concur with the
keys of previously described species [48], therefore these unidentified
fungi may potentially represent new fungal species for science.

In overall, from the total AMF species recorded for Mexico (Table
2), 22 species have only been found at non-transformed (conserved)
ecosystems, 17 from agrosystems, and 46 were common in both
systems. The AMF species found in transformed and non-transformed
systems seem to be well adapted to several edaphic and environmental
conditions, and some species such as Funneliformis geosporum and
Claroideoglomus claroideum (previously reported as Glomus geosporum
and Gl. claroideum, respectively) also show high tolerance to soil
disturbance conditions [49,50].

It is thought that the habitat, the limited fungal dispersion and
sporulation patterns significantly influence the AMF composition
at specific plant communities [13,51-55]. These ecological and
genetic aspects of the AMF have special relevance in regards of their
functionality and biotechnological application so that different
microbial groups conformed by several genera or species included in
specific microbial assemblies or consortia, may display much more
beneficial effects on plants than those effects obtained when individual
species are inoculated [15,40].

In Mexico, the utilization of mycorrhizal inoculum is relatively
recent and it has constraints for its massive production due to the
obligated biotrophic condition of AMF [6]. In addition, the effects of
some biofertilizers including AME, widely distributed in this country
are inconsistent due to the influence of several factors such as soil

type, plant genotype, environmental conditions, and mainly because
of the genotype of the AMF that take part in commercial inocula.
The introduced AMF have to compete with the well-adapted native
microbiota to site conditions. In this regards, the adverse environmental
conditions like the limitation of soil moisture, predation, and soil
salinity and pH, may rapidly exert negative impacts on the population
of any introduced microorganism to soil [56].

The native soil microbial populations including AMF possess certain
adaptative advantages; thus, it is important to generate fundamental
knowledge about their diversity [57-60]. Such knowledge allows us to
better exploration and understanding on the functionality of AMF in
order to screen and select those promising species or consortia whose
characteristics favor either exploitation and conservation of this genetic
resource, as well as diminishing the application of foreign commercial
inoculum whose benefits are uncertain and their ecological impact on
native soil microbial population are still unknown as well.

AMEF diversity and effectiveness in fruit and forestry plant
species

In Mexico the isolation, characterization and screening of AMF
consortia have been performed from the rhizosphere of herbaceous
plants (beans, wild beans, corn, among others), fruit trees (papaya, citrus
species, and anona fruits, mainly), as well as medicinal and forestry
plants [17,61,62]. From those studies some high efficient mycorrhizal
consortia have been selected on the basis of growth promotion of Citrus
volkameriana Tan. & Pasq., Annona cherimola Mill., Carica papaya cv.
Maradol, wild papaya tree (Chich’put, Mayan name that means “bird
food”), strawberry, grape, pepper, tomatillo (Physalis ixocarpa Brot.),
lettuce, Catharanthus roseus (L.) G. Don, and on seedlings of trees such
as Liquidambar styraciflua L., Cordia alliodora (Ruiz & Pav.) Oken,
Terminalia amazonia (Gmel.) Exell and Cojoba arborea (L.) Br. & Rose
[61-70]. The AMF morphospecies described from those mycorrhizal
consortia are Acaulospora delicata, A. scrobiculata, C. claroideum, G.
ramisporophora, Gl aggregatum, Gl albidum, Gl. ambisporum, Rh.
diaphanus, Rh. intraradices, S. clavispora, S. coremioides and S. sinuosa,
among others.

As previously mentioned, the compatibility and the efficiency
of AMF species on plants seem to depend on the provenance/sites
from which fungi were isolated, and also on the technification of
the agrosystems [71-73]. For example, it has been demonstrated
that AMF isolates from coffee plantations are more effective on the

AMF species reported from undisturbed ecosystems

Acaulospora colossica, A.myriocarpa, A.nicolsonii, A. sporocarpia, Archaeospora trappei, Ar.
schenckii, Diversispora spurca, Funneliformis verruculosum, Glomus aggregatum, Gl. cerebriforme,
Gl. deserticola, Gl. globiferum, Gl. halonatum, GI. microcarpum, GI. monosporum, Gl. radiatum, GI.
versiforme, Gl. viscosum, Gigaspora rosea, Pacispora scintillans, Scutellospora erythropa, Raco-
cetra persica

Total species: 22

AMF species reported from agrosystems (intensive agriculture, fruit
tree production, and agroforestry systems)

A. cavernata, A. colombiana, A.splendida, Am. jimgerdemanii, Gl. aurantium, Gl. pansihalos, Gl.

spinuliferum, Pa. franciscana, Ra. castanea, Ra. verrucosa, Rhizophagus diaphanus, Sclerocystis

fuegianum, S. liquidambaris, S. taiwanensis, Scutellospora dipapillosa, Sc. gilmorei, Sc. reticulata
Total species: 17

AMF species reported from natural ecosystems and agrosystems

A. delicata, A. denticulata, A. excavata, A. foveata, A. kentinensis, A. lacunosa, A. laevis, A. mel-
lea, A. morrowiae, A. rehmii, A. scrobiculata, A. spinosa, A. undulata, Am. appendicula, Am. lep-
toticha, Claroideoglomus claroideum, C. etunicatum, Entrophospora infrequens, F. constrictum, F.
geosporum, F. mosseae, Gl. albidum, Gl. ambisporum, GI. macrocarpum, GIl. microaggregatum,
GI. pustulatum, GI. tenebrosum, GI. tortuosum, G. decipiens, G. gigantea, G. ramisporophora, Pa.
chimonobambusae, Paraglomus occultum, Ra. gregaria, Rh. fasciculatus, Redeckera fulvum, S.
clavispora, S. coremioides, S. rubiformis, S. sinuosa, Sc. biornata, Sc. calospora, Sc. dipapillosa,
Sc. dipurpurascens, Sc. pellucida, Sc. scutata

Total species: 46

Sources [10,93,94,95,96,97,25,48,98,99,100,101,102]

Table 2: Species of arbuscular mycorrhizal fungi (AMF) recorded from natural ecosystems and agrosystems of Mexico.
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growth promotion of coffee plants than allochthonous AMF isolates.
In addition the mycorrhizal consortia from coffee plantations with
traditional management (no agrochemical inputs) show greater AMF
diversity and effectiveness on promoting growth of papaya and coffee
plants than those AMF consortia obtained from coffee plantations with
high inputs (high technification) [15, 74]. Similarly, the AMF consortia
isolated from the rhizosphere of medicinal plants significantly
improved the growth and production of the alkaloid vinblastine in C.
roseus [62] when compared to allochthonous mycorrhizal consortia
previously reported as very effective on the growth of several plant
species [61,63,64,75-78].

The inoculation of AMF (individual fungal isolates or consortia)
does not always result on improving the growth and the total dry mass
production of papaya plants, or may not show significant differences
among them (Figures 1 and 2; Franco-Ramirez et al. unpublished
data). For example, the application of AMF consortia isolated from
several locations of Mexico had significant variations on promoting
the growth of Carica papaya seedlings, and in few cases the effects of
some consortia did not show statistical differences when compared to
the control (Alarcon et al. unpublished data). From this study the plant
growth had similar response when the same consortia were inoculated
in two cultivars of papaya such as the commercial cultivar red Maradol
and the wild-type cultivar (Chich put) commonly grown in Yucatan
(Mexico) as a backyard plant (Figure 2B and Figure 3C-D; Alarcon et al.
unpublished data). It seems that the fungal species composition in the
mycorrhizal inoculum may be determinant on exerting greater benefits
on plant species. Therefore it is necessary to make a screening of the best
fungal mixture (natural or artificial) for being used as a biotechnological
tool during plant propagation under greenhouse or nursery conditions,
and to make the agronomical validation of that mycorrhizal inoculum
considering different plant management practices such as source of
fertilizers (organic, inorganic, or those controlled release fertilizers)
and doses of fertilization. The latest agronomical validation of AMF
will allow the detection of the best management practices that let better
growth and quality of plants, but with reduced cost and shortened plant
permanence in greenhouse and nursery.

The inoculation of single AMF species may result in null effects
on plant growth; in contrast the mixture or fungal species may be
determinant on plant growth and on plant community structure
[79-81]. Thus, the inoculation of AMF consortia may represent an
ecological advantage by which the fungal species naturally inhabiting
the rhizosphere may account in better chances for enhancing both
growth and nutrition of commercial plants. In this regards, the AMF
consortium Glomus Zac-19 integrated by three fungal species (C.
claroideum, Rh. diaphanum, and Gl. albidum [61]) has been well
demonstrated to be very effective for improving the growth, the nutrient
status, and the tolerance of plants to adverse environmental conditions
[61,75-78]. However, if the three AMF species are separately inoculated
(with equal number of spores) to papaya plants the effects show no
significant differences when compared to the control (Figure 3B and
D); thus, we hypothesized that the sum of the interrelationships among
the three AMF species that conform this mycorrhizal consortium are
mutually complemented, and all together result in greater benefits
on the growth of seedlings of two cultivars of papaya (Figure 3B and
D; [Alarcon et al. unpublished data]). The latter findings suggest that
isolation, selection and inoculation of effective mycorrhizal consortia
must be considered as an important biotechnological tool for massive
plant propagation at seedbeds, greenhouse, or nursery level or for its
application in protected agriculture systems.

The discussed information highlights the importance of exploring
the diversity of AMF in several ecosystems and agrosystems of Mexico
in order to use more efficiently this microbial genetic resource, and
to direct it to inoculating important commercial plants, and more
importantly to elaborate mycorrhizal inoculum ecologically well
adapted to specific regions and crops.

Genetic diversity of Mexican strains of AMF

The genetic variations among AMF species and between individuals
of the same species may influence their compatibility to plants and be
determinant on their beneficial effects on host [82]. The knowledge
of the mentioned aspects may help on elucidating the different roles

9 Red maradol plants

Total dry mas (g)

Control AME 1 AME7 AME Rintra Glomus
mix Zac-19

Chich’put plants

Control AMF 1 AMF 7 AMF Rintra Glomus
mix Zac-19

Inoculation treatments

Figure 1: Total dry mass of two cultivars of Carica papaya L. (papaya red Maradol and wild-type Chich put ) due to the inoculation of four arbuscular mycorrhizal fungal
(AMF) consortia and the single isolate Rhizophagus intraradices, after 90 days under greenhouse conditions. n=7. Means +/- Standard error. Identified AMF species in
each consortium: AMF 7, Funneliformis constrictum, Claroideoglomus etunicatum, GI. aggregatum, Acaulospora sp. 1 and Glomus sp1; AMF 1, Glomus sp. 1, Glomus
sp. 2, Glomus sp. 3 and Acaulospora sp.; AMF Mix, Glomus sp. 1, Glomus sp. 2, Glomus sp. 3, and Glomus sp. 4; and Glomus Zac-19, Claroideoglomus claroideum,
Rhizophagus diaphanus, and GI. albidum (Franco-Ramirez et al., unpublished data).
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A) RedMaradol

B) Wild-Type papaya (Chich’put)
s

90 days after mycorrhizal inoculation

90 days after mycorrhizal inoculation

Figure 2: Growth responses of two cultivars of Carica papaya L. due to the inoculation of four arbuscular mycorrhizal fungal (AMF) consortia and the single isolate
Rhizophagus intraradices, after 90 days under greenhouse conditions. A) papaya red Maradol, and B) wild-type Chich’put (Mayan name that means “bird food”)
collected from Conkal, Yucatan. Identified AMF species in each consortium: AMF 7, Funneliformis constrictum, Claroideoglomus etunicatum, Gl. aggregatum,
Acaulospora sp. 1 and Glomus sp1; AMF 1, Glomus sp. 1, Glomus sp. 2, Glomus sp. 3 and Acaulospora sp.; AMF Mix, Glomus sp. 1, Glomus sp. 2, Glomus sp.
3, and Glomus sp. 4; and Glomus Zac-19, Claroideoglomus claroideum, Rhizophagus diaphanus, and Gl. albidum (Franco-Ramirez et al., unpublished data).

Rhizophagus

intraradices Glomus Zac-19

Rhizophagus

" ! Glomus Zac-19 | Control
intraradices

of AMF (species/isolates/consortium) on several plant species, and
on specific environmental conditions of agrosystems and ecosystems.
However, there is little information about the genetic variations at
population level [83,84]. In this respect, there are only two molecular
studies in Mexico; the first one was focused on the utilization of nine
AME species to design specific primers for the recognition of the species
Rh. intraradices [85]. The second study was directed on the evaluation
of the AMF diversity at disturbed ecosystems; however, authors did
not success on obtaining any amplified product of AMF [86]. These
two experimental approaches are the first attempts for elucidating the
genetic diversity of AMF in Mexico; however, there is a lack of studies
whose main objectives are directed to determine such unknown genetic
diversity yet.

Despite of the biotechnological importance that represents the
knowledge of the genetic diversity of AMF, the research of this topic
faces several methodological issues such as obtaining enough biological
material from different environmental conditions, locations, plant
hosts, as well as assuring the quantity and the quality of the fungal
propagules for performing the corresponding molecular assays.

Some hypothesis about the AMF in Mexico

The AMF recorded from plant species whose origin center is

Mexico and those isolated from different ecosystems represent a key
source of fungal germplasm that may be directed as a biotechnology
in agriculture, horticulture, forestry and ecological restoration in this
country. Moreover, the validation of the inoculation of effective AMF
must be evaluated under common agronomical practices such as
fertilization (with organic and inorganic sources) in order to estimate
the possible cost reduction during plant propagation.

Furthermore, the knowledge of the AMF diversity from specific
plants grown under traditional systems, and their reintroduction in
those agrosystems may help to improve its productivity with minimal
ecological impact.

The AMF diversity in Mexico may be greater than that already
reported, and it is probable that some AMF species could be exclusive for
the Mexican mycobiota. Thus, these AMF species may also significantly
contribute in the functionality of agrosystems and ecosystems which are
an important source of AMF germplasm. Nevertheless, it is important to
establish specific regulations and management strategies of traditional
agrosystems, ecosystems and natural reserves in order to maintain
the conservation of both plant and fungal diversity. The AMF species
from the mentioned systems are species that grow well under certain
environmental conditions, and thus they may have specific ecological
advantages and potential for their biotechnological approach. This
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Figure 3: Growth responses of two cultivars of Carica papaya L. due to the inoculation of four arbuscular mycorrhizal fungal (AMF) consortia (A and C), and due
to the individual inoculation of single fungal isolates that integrate the AMF consortium Glomus Zac-19 (B and D), after 85 days under greenhouse conditions. A
and B) papaya red Maradol, and C-D) wild-type Chich’put. Identified AMF species in each consortium: Glomus Zac-19, Claroideoglomus claroideum, Rhizopha-
gus diaphanus, and GI. albidum; Consortium Merida 4, Funneliformis mosseae, F. geosporum, Sclerocystis sinuosa and Glomus sp.; Consortium Veracruz,
Acaulospora delicata, F. mosseae, F. constrictum, Gl. aggregatum and GI. microcarpum; and Consortium Ref-5, Gigaspora margarita and Acaulospora delicata
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biotechnological potential is based on the fungal adaptation to those
conditions that characterize xeric, saline or tropical environments, or to
those agricultural systems in which high inputs are restricted.

Future prospects in AMF diversity and bioprospecting

The diversity of AMF that may be present in Mexico has high
potential for being used in biotechnological processes for the
elaboration of mycorrhizal inoculum that may be directed to specific
edaphic and environmental conditions. Nevertheless, it is necessary
to promote the exploration of the diversity of these fungal symbionts
from either undisturbed or disturbed ecosystems or agrosystems as
well, and also by considering plants species with ecological, economic
and cultural value that have been scarcely investigated. Potentially, the
mycorrhizal inoculum may be applied during the massive propagation
of agricultural, horticultural and ornamental plants, as well as for
ecological purposes such as reforestation, phytoremediation, and
restoration.

Although several Mexican AMF species have been tested for their
infectivity and effectiveness on plant growth, it is still necessary to
perform further research for validating their practical application under
different agronomical management and environmental conditions
[40,87]. However, there is the biotechnological challenge to improve

the systems for massive propagation of AMF (either single isolates or
consortia). The latest will be determinant for diminishing or in the
best of the cases eliminating the dependency for introduced (foreign)
mycorrhizal inoculants in which Rh. intraradices is the main fungal
component whose infectivity or effectiveness might have ecological
limitations [88-90]. Even though AMEF have been reported to be
unspecific for plants species, there are scientific evidences that show
that the utilization of several fungal species or communities of AMF
results in improved plant growth and fitness to adverse conditions [51].

The AMF inoculation is more efficient in those systems of plant
production in which seedbeds and substrates are commonly utilized,
and for those plants that need some periods at greenhouse or nurseries.
In those systems, the disinfection (sterilization) of soil or soilless media
assures the introduction of the AMF propagules and the establishment
of the mycorrhizal symbiosis in the root system. The disinfection of
plant substrates and the combination of best management practices
such as low doses of fertilization and pesticides, will also allow better
effectiveness of AMF on improving plant growth, nutritional status,
sanity, vigor and quality.

The ecological impacts of the introduction of allochthonous
(foreign) AMF on the native population of these fungal symbionts has
not been properly assessed yet. Nevertheless, we put emphasis on the
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utilization of selected autochthonous (native) mycorrhizal strains or
consortia, by which it is possible to prepare inoculum formulations for
specific eco-regions. Thus, the inoculation of those AMF will represent
an agronomic practice which is environmentally friendly and with
less negative impact on the native fungal diversity from those sites in
where the inoculum is applied. Moreover, the selection and the massive
production of AMF for local or regional applications are the main
constrains for their biotechnological approach not only for Mexico but
also for all over the world [91].

All the discussed information highlights the relevance for knowing
the genetic and the functional diversity of AMF especially from
those Mexican traditional and ancient cropping systems, and from
those natural ecosystems and protected areas in where the AMF have
coexisted and supported their sustainability.

Conclusions

Mexico is one of the most important origin centers for plants and
possesses several traditional cropping systems in which the knowledge
of is a keystone to develop suitable strategies for their utilization and
conservation.

The studies focused on the microbial diversity of Mexico are also
fundamental to know the richness of AMF native from ecosystems and
agrosystems, and are the basis for improving plant growth and fitness.
Thus, the success of the application of this mycorrhizal biotechnology
in agricultural and environmental processes will be guaranteed.

We encourage the use of mycorrhizal inoculum conformed by
native AMF species (single isolates and/or consortia) directed to
important commercial plants in which the AMF may be applied
in combination with best management practices during plant
propagation. Nevertheless, the mycorrhizal inoculum must meet strict
quality standards based on the abundance, viability and infectivity
of mycorrhizal propagules (spores, mycelium or colonized roots) to
favor both the AMF establishment in roots and the expression of their
expected benefits on plant growth.

In Mexico is still necessary to have a deep knowledge about
the genetic diversity of AMF and in consequence, to get a better
understanding of their functional diversity in order to propose suitable
strategies for the utilization and management of this important
biological resource during plant propagation and plant production
specially under greenhouse or nursery condition, and under protected
agriculture systems.

Acknowledgement
Authors thanks the financial support of the CONACYT Grant 130262
References

1. Villasefior JL (2004) Los géneros de plantas vasculares de la flora de México.
Boletin de la Sociedad Botanica de México 75: 105-135.

2. CONABIO (2006) Diversidad biolégica y oportunidades de desarrollo. In:
Concheiro AA, Carabias J, Dirzo R, Ezcurra E, Gémez-Pompa A, et al,
compilators. Capital Natural y Bienestar Social. Segundo estudio de pais.
Mexico DF, Mexico: CONABIO 13-20.

3. Hernandez-Xolocotzi E (1998) Aspectos de la domesticacién de plantas en
México, una apreciacion personal. In: Ramamoorthy TP, Bye R, Lot A, Fa J,
editors. Diversidad biolégica de México: origenes y distribucion. Mexico DF,
Mexico: Instituto de Biologia-UNAM 715-738.

4. Piperno DR, Flannery KV (2001) The earliest archaeological maize (Zea mays
L.) from highland Mexico: New accelerator mass spectrometry dates and their
implications. Proccedings of the National Academy of Science 98: 2101-2103.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

=

22.

23.

24,

25.

Delgado-Salinas A, Turley T, Richman A, Lavin M (1999) Phylogenetic analysis
of the cultivated and wild species of Phaseolus (Fabaceae). Systematic Botany
23: 438-460.

Smith SE, Read DJ (2008) Mycorrhizal Symbiosis. Elsevier, Oxford, UK.

Wang B, Qiu Y-L (2006) Phylogenetic distribution and evolution of mycorrhizas
in land plants. Mycorrhiza 16: 299-363.

Fester T, Strack D, Hause B (2002) Reorganization of tobacco root plastids
during arbuscule development. Planta 213: 864-868.

Gupta RK, Sharma R, Podila GP, Varma A (2005) Mycorrhizal associations and
soil microflora in sustainable utilisation of micropropagated plants in vegetable
crops of hills and mountainous regions. Basic Research and Applications of
Mycorrhizae, New Delhi, India, 38-55.

Arias RM, Heredia-Abarca G, Sosa VL, Fuentes-Ramirez LE (2011) Diversity
and abundance of arbuscular mycorrhizal fungi spores under different coffee
production systems and in a tropical montane cloud forest patch in Veracruz,
Mexico. Agroforestry Systems 1-15.

Bellon MR, Barrientos-Priego AF, Colunga-GarciaMarin P, Perales H, Reyes
AJA, et al. (2009) Diversidad y conservacion de recursos genéticos en plantas
cultivadas. Capital Natural de México 2: 355-382.

Gonzdalez JA (2007) Agroecosistemas mexicanos: pasado y presente.
Itinerarios 6: 55-80.

Fitter AH, Helgason T, Hodge A (2011) Nutritional exchanges in the arbuscular
mycorrhizal symbiosis: Implications for sustainable agriculture. Fungal Biol Rev
25: 68-72.

Manson RH, Contreras HA, Loépez-Barreda F (2008) Estudios de la
biodiversidad en cafetales. Agroecosistemas cafetaleros de Veracruz 1-14.

Trejo D, Ferrera-Cerrato R, Garcia R, Varela L, Lara L, Alarcén A (2011)
Efectividad de siete consorcios nativos de hongos micorrizicos arbusculares
en plantas de café en condiciones de invernadero y campo. Rev Chil Hist Nat
84: 23-31.

Franco-Ramirez A, Ferrera-Cerrato R, Varela-Fregoso L, Pérez-Moreno
J, Alarcon A (2007) Arbuscular mycorrhizal fungi in chronically petroleum
contaminated soils in Mexico and the effects of petroleum hydrocarbons on
spore germination. J Basic Microbiol 47: 378-383.

Alarcon A, Ferrera-Cerrato R (1999) Manejo de la micorriza arbuscular en
sistemas de propagacion de plantas fruticolas. Terra 17: 171-191.

Alarcén A (2007) Micorriza arbuscular. Microbiologia agricola. Mexico DF,
Mexico: Editorial Trillas 90-119.

Ferrera-Cerrato R, Delgadillo J, Alarcon A (2009) Ecologia de micorrizas
arbusculares y restauracion de ecosistemas. Mexico DF, Mexico: Las Prensas
de Ciencias UNAM 281-304.

Ortega-Larrocea MP, Siebe C, Bécard G, Méndez |, Webster R (2001) Impact of
a century of wastewater irrigation on the abundance of arbuscular mycorrhizal
spores in the soil of the Mezquital Valley of Mexico. Agric Ecosyst Environ Appl
Soil Ecol 16: 149-157.

. Varela L, Hernandez-Cuevas LV, Franco-Ramirez A (In press). Diversidad de

hongos micorrizogenos arbusculares en México. Biodiversidad Microbiana
de México. Mexico DF, Mexico: Subsistema Nacional de Recursos Genéticos
Microbianos SAGARPA.

Barredo-Pool F, Varela L, Arce-Montoya M, Orellana R (1998) Estudio de
la asociacion micorrizica en dos cactaceas nativas del estado de Yucatan,
México. Avances de la Investigacion micorricica en México. Xalapa, Mexico:
Universidad Veracruzana 69-76.

Pimienta-Barrios E, Pimienta-Barrios E, Salas-Galvan ME, Zafiudo-Hernandez
J, Nobel PS (2002) Growth and reproductive characteristics of the columnar
cactus Stenocereus queretaroensis and their relationships with environmental
factors and colonization by arbuscular mycorrhizae. Tree Physiology 22: 667-
674.

Montafio ANM, Ochoa G, Varela L, Garcia R (2004) Presencia y abundancia de
hongos endomicorricicos bajo mezquite (Prosopis laevigata) en agostaderos
semiaridos del Valle del Mezquital, México. Avance en el conocimiento de la biologia
de las micorrizas. Guanajuato, Mexico: Universidad de Guanajuato 108-122.

Bashan Y, Khaosaad T, Salazar BG, Ocampo JA, Wiemken A, et al. (2007)
Mycorrhizal characterization of the boojum tree, Fouquieria columnaris, an

J Biofertil Biopestici
ISSN:2155-6202 JBFBP, an open access journal

Volume 3 + Issue 1« 1000115


http://www.conabio.gob.mx/2ep/images/c/c5/capital_natural_1.pdf
http://www.mendeley.com/research/aspectos-la-domesticacin-las-plantas-en-mxico-una-apreciacin-personal/
http://books.google.co.in/books?hl=en&lr=&id=KTJmgU7QWq0C&oi=fnd&pg=PA35&dq=Mycorrhizal+associations+and+soil+microflora+in+sustainable+utilisation+of+micropropagated+plants+in+vegetable+crops+of+hills+and+mountainous+regions.&ots=bAaxoj1y5V&sig=15z-O787jk
http://ixmati.biodiversidad.gob.mx/pais/pdf/CapNatMex/Vol%20II/II08_Diversidad%20y%20conservacion%20de%20recursos%20geneticos%20en%20pl.pdf
http://iberystyka.uw.edu.pl/pdf/Itinerarios/vol-6/03_Gonzalez-Jacom.pdf
http://www.eez.csic.es/?q=es/node/4609
http://redalyc.uaemex.mx/redalyc/html/577/57707506/57707506.html
http://www.pnas.org/content/98/4/2101.short
http://www.jstor.org/pss/2419699
http://www.elsevier.com/wps/find/bookdescription.cws_home/713220/description#description
http://www.springerlink.com/content/x7151p60502078u1/
http://www.springerlink.com/content/qp212ttymwt8t30l/
http://www.springerlink.com/content/bu6414q0k4506877/export-citation/
http://www.sciencedirect.com/science/article/pii/S1749461311000042
http://www2.ine.gob.mx/publicaciones/libros/542/cap1.pdf
http://www.scielo.cl/scielo.php?pid=S0716-078X2011000100002&script=sci_arttext&tlng=e
http://onlinelibrary.wiley.com/doi/10.1002/jobm.200610293/abstract
http://redalyc.uaemex.mx/redalyc/html/573/57317302/57317302_1.html
http://www.sciencedirect.com/science/article/pii/S0929139300001050
http://treephys.oxfordjournals.org/content/22/9/667.short
http://www.springerlink.com/content/q466214q78u73q17/

Citation: Alarcon A, Hernandez-Cuevas LV, Ferrera-Cerrato R, Franco-Ramirez A (2012) Diversity and Agricultural Applications of Arbuscular
Mycorrhizal Fungi in Mexico. J Biofertil Biopestici 3:115. doi:10.4172/2155-6202.1000115

Page 8 of 10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

endemic ancient tree from Baja California Peninsula, Mexico. Trees 21: 329-
335.

Garcia-Sanchez R, Gonzalez-Monterrubio C (2009) Hongos micorrizégenos
arbusculares asociados al suelo rizosférico de diez cactaceas globosas de
cinco localidades del Valle del Mezquital, Hidalgo, México. Plantas y hongos.
Micorrizas arbusculares: un mutualismo esencial en zonas semiaridas. Mexico
DF, Mexico: Facultad de Estudios Superiores Zaragoza UNAM 47-60.

Garcia-Diaz M, Garcia-Sanchez R (2009) Hongos micorrizégenos
arbusculares asociados a Bouteloa curtipendula en cuatro poblaciones del
Valle del Mezquital, Estado de Hidalgo. In: Monroy-Ata A, Garcia-Sanchez R,
editors. Plantas y hongos. Micorrizas arbusculares: un mutualismo esencial
en zonas semiaridas. Mexico DF, Mexico: Facultad de Estudios Superiores
Zaragoza-UNAM 81-96.

Zulueta RR, Varela L, Aguilar S, Trejo D, Lara L (2010) Estatus micorrizico de
Jacaratia mexicana y hongos formadores de micorriza arbuscular presentes
en selva baja caducifolia del Golfo de México. Revista Mexicana de Micologia
31: 37-44.

Hernandez-Reyes J, Vovides A, Ghenos-Heredia Y, Hernandez-Cuevas L
(in press) Arbuscular mycorrhizal fungi in three species of Mexican cycad.
Proceedings of Cycad 2008: The International Conference of Cycad Biology.
New York Botanical Garden New York USA.

Monroy-Ata A, Garcia-Sanchez R (2009) Los hongos micorrizégenos
arbusculares en practicas de restauraciéon de vegetacion semiarida. In:
Monroy-Ata A, Garcia-Sanchez R, Mexico DF, Mexico: Facultad de Estudios
Superiores Zaragoza-UNAM: 11-23.

NUfiez-Castillo O, Alvarez-Sanchez FJ (2009) Crecimiento y reproduccion
de una palma del tropico humedo: efecto de los hongos micorrizégenos
arbusculares. In: Alvarez-Sanchez FJ, editor. Ecologia de micorrizas
arbusculares y restauracién de ecosistemas. Mexico DF, Mexico: Las Prensas
de Ciencias-UNAM 27-50.

Ramos-Zapata JA, Orellana R, Carrillo L (2009) Establecimiento de la
palmera trepadora Desmoncus orthacanthos Martius inoculada con hongos
micorrizégenos arbusculares en vegetacion secundaria (acahual), Ecologia de
micorrizas arbusculares y restauracién de ecosistemas. Mexico DF, Mexico:
Las Prensas de Ciencias UNAM: 51-72.

Luna-Camacho LA, Monroy-Ata A (2009) Efecto de hongos micorrizégenos
arbusculares (HMA) sobre el desarrollo de Agave salmiana y Opuntia
streptacantha en condiciones de invernadero, Plantas y hongos. Micorriza
arbuscular: un mutualismo esencial en zonas semiaridas. Mexico DF, Mexico:
Facultad de Estudios Superiores Zaragoza UNAM 24-35.

Robles C, Robles-Martinez ML, Monroy-Diaz FB (2008) Crecimiento y
nutricion del maguey mezcalero (Agave angustifolia Haw.) bajo condiciones de
micorrizacién arbuscular. In: Montafio-Arias NM, Camargo-Ricalde SL, Garcia-
Sanchez R, Monroy-Ata A, editors. Micorrizas arbusculares en ecosistemas
aridos y semiaridos. Mexico DF, Mexico: Mundiprensa, INE, SEMARNAT, UAM,
Facultad de Estudios Superiores Zaragoza-UNAM 219-233.

Simancas-Ortiz  JE, Monroy-Ata A (2009) Inoculacién de micorrizas
arbusculares, Azospirillum brasilense y su interaccion sobre Agave salmiana
bajo condiciones de invernadero. In: Monroy-Ata A, Garcia-Sanchez R, editors.
Plantas y hongos. Micorrizas arbusculares: un mutualismo esencial en zonas
semiaridas. Mexico DF, Mexico: Facultad de Estudios Superiores Zaragoza-
UNAM 36-45.

Estrada-Luna A, Davies Jr FT (2008) Estado nutrimental y crecimiento de
plantas micropropagadas de nopal (Opuntia albicarpa Scheinvar cv “Reyna”)
colonizadas con tres cepas seleccionadas de endomicorrizas. In: Montafio-
Arias NM, Camargo-Ricalde SL, Garcia-Sanchez R, Monroy-Ata A, editors.
Micorrizas arbusculares en ecosistemas aridos y semiaridos. Mexico
DF, Mexico: Mundiprensa, INE, SEMARNAT, UAM, Facultad de Estudios
Superiores Zaragoza-UNAM 205-215.

Chimal-Sanchez E, Lépez-Medina L, Garcia-Sanchez R (2009) Obtencion de
indculos de hongos micorrizégenos arbusculares (HMA) nativos del Valle del
Mezquital, Hidalgo. In: Monroy-Ata A, Garcia-Sanchez R, editors. Plantas y
hongos. Micorrizas arbusculares: un mutualismo esencial en zonas semiaridas.
Mexico DF, Mexico: Facultad de Estudios Superiores Zaragoza-UNAM 60-79.

Guadarrama P, Alvarez-Sanchez J, Briones O (2004) Seedling growth of two
pionner tropical tree species in competition: The role of arbuscular mycorrhizal
fungi. Euphytica 138: 113-121.

Ramos-Zapata JA, Campos-Navarrete MJ, Parra-Tabla V, Abdala-Roberts L,
Navarro-Alberto J (2010) Genetic variation in the response of the weed Ruellia

40.

4

-

42.

43.

44,

4

[$2]

46.

4

hay

48.

49.

50.

uy

5

52.

5

w

54.

55.

56.

5

S

58.

5

o

60.

6

=

. Pfeiffer

nudiflora (Acanthaceae) to arbuscular mycorrhizal fungi. Mycorrhiza 20: 275-
280.

Tapia-Gone JJ, Ferrera-Cerrato R, Varela-Fregoso L, Rodriguez-Ortiz
JC, Soria-Colunga JC, et al. (2010). Infectividad y efectividad de hongos
micorrizicos arbusculares nativos de suelos salinos en el cultivo de lechuga
(Lactuca sativa). Revista Mexicana de Micologia 31: 69-74.

. Golubski AJ (2011) Dual plant host effects on two arbuscular mycorrhizal fungi.

Pedobiologia 54: 209-216.

SchufBler A, Schwarzott D, Walker C (2001) A new fungal phylum, the
Glomeromycota: phylogeny and evolution. Mycological Research 105: 1413-
1421.

Janos DP, Trappe JM (1982) Two new Acaulospora species from tropical
America. Mycotaxon 15: 515-522.

Trappe JM (1977) Three new Endogonaceae: Glomus constrictus, Sclerocystis
clavispora and Acaulospora scrobiculata. Mycotaxon 6: 359-366.

. Daniels BA, Trappe JM (1979) Glomus epigaeus sp. nov., a useful fungus for

vesicular-arbuscular mycorrhizal research. Can J Bot 57: 539-542.

Rose SL, Trappe JM (1980) Three new endomycorrhizal Glomus spp.
associated with actinorrhizal shrubs. Mycotaxon 10: 413-420.

CM, Walker C, Bloss HE (1996) Glomus spurcum: a new
endomycorrhizal fungus from Arizona. Mycotaxon 59: 373-382.

Gavito ME, Pérez-Castillo D, Gonzalez-Monterrubio CF, Vieyra-Hernandez T,
Martinez-Trujillo M (2008) High compatibility between arbuscular mycorrhizal
fungal communities and seedlings of different land use types in a tropical dry
ecosystem. Mycorrhiza 19: 47-60.

Boddington CL, Dodd CJ (2000) The effect of agricultural practices on the
development of indigenous arbuscular mycorrhizal fungi. . Field studies in an
Indonesian ultisol. Plant and Soil 218: 137-144.

Oehl F, Sieverding E, Ineichen K, Mader P, Boller T, et al. (2003) Impact of
land use intensity on the species diversity of arbuscular mycorrhizal fungi in
agrosystems of central Europe. Appl Environ Microbiol 69: 2816-2824.

. Kivlin SN, Hawkes CV, Treseder KK (2011) Global diversity and distribution of

arbuscular mycorrhizal fungi. Soil Biol Biochem 43: 2294-2303.

Lekberg Y, Schnoor T, Kjgller R, Gibbons SM, Hansen LH, Al-Soud WA,
Sgrensen SJ, Rosendahl S (2011) 454-sequencing reveals stochastic local
reassembly and high disturbance tolerance within arbuscular mycorrhizal
fungal communities. Journal of Ecology 100: 150-160.

.Rosendahl S, Matzen HB (2008) Genetic structure of arbuscular mycorrhizal

populations in fallow and cultivated soils. New Phytologist 179: 1154—1161.

Rosendahl S, Stukenbrock EH (2004) Community structure of arbuscular
mycorrhizal fungi in undisturbed vegetation revealed by analyses of LSU
rDNAsequences. Molecular Ecology 13: 3179-3186.

Panwar V, Meghvansi MK, Siddiqui S (2011) Short-term temporal variation
in sporulation dynamics of arbuscular mycorrhizal (AM) fungi and physico-
chemical edaphic properties of wheat rhizosphere. Saudi Journal of Biological
Sciences 18: 247-254.

Armenta-Bojorquez D, Garcia GC, Camacho BJR, Apodaca SMA, Gerardo ML,
et al. (2010) Biofertilizantes en el desarrollo agricola de México. RaXimhai 6:
51-56.

.Velazquez S, Cabello M (2011) Occurrence and diversity of arbuscular

mycorrhizal fungi in trap cultures from El Palmar National Park soils. Eur J Soil
Biol 47: 230-235.

Martinez-Garcia LB, Armas C, Miranda JD, Padilla FM, Pugnaire FI (2011)
Shrubs influence arbuscular mycorrhizal fungi communities in a semi-arid
environment. Soil Biol Biochem 43: 682-689.

. Stinner DH, Stinner BR, Martsolf E (1997) Biodiversity as an organizing

principle in agroecosystems management: Case studies of holistic resource
management practicioners in the USA. Agriculture Ecosystems and
Environment 62: 199-213.

Vandermeer J, Van Noordwijk M, Anderson J, Ong Ch, Perfecto | (1998) Global
change and multi-species agroecosystems: Concepts and issues. Agriculture
Ecosystems and Environment 67: 1-22.

. Alarcon A, Ferrera-Cerrato R, Pérez-Moreno J (2007) Mycorrhizae in tropical

J Biofertil Biopestici
ISSN:2155-6202 JBFBP, an open access journal

Volume 3 + Issue 1« 1000115


http://ojs.unam.mx/index.php/rxm/article/view/17885
http://www.ajol.info/index.php/gjas/article/viewFile/2017/10643
http://www.springerlink.com/content/q466214q78u73q17/
http://www.scielo.org.mx/scielo.php?pid=S0187-31802010000100006&script=sci_arttext&tlng=es
http://www.springerlink.com/content/j63h4824g801628l/
http://www.scielo.org.mx/scielo.php?pid=S0187-31802010000100010&script=sci_arttext&tlng=pt
http://www.sciencedirect.com/science/article/pii/S0953756208620262
http://agricola.nal.usda.gov/cgi-bin/Pwebrecon.cgi?Search_Arg=CAIN789001624&DB=local&CNT=25&Search_Code=GKEY&STARTDB=AGRIDB
http://www.nrcresearchpress.com/doi/abs/10.1139/b79-070
http://ecoport.org/ep?SearchType=reference&ReferenceID=409033
http://agris.fao.org/agris-search/search/display.do?f=1997/US/US97166.xml;US9634360
http://www.springerlink.com/content/p1027q0573248h23/
http://www.springerlink.com/content/uj6151625j252181/
http://aem.asm.org/content/69/5/2816.abstract
http://www.sciencedirect.com/science/article/pii/S0038071711002823
v
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2008.02535.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-294X.2004.02295.x/full
http://www.sciencedirect.com/science/article/pii/S1319562X1000135X
http://cat.inist.fr/?aModele=afficheN&cpsidt=24473069
http://www.sciencedirect.com/science/article/pii/S0038071710004621
http://www.sciencedirect.com/science/article/pii/S0167880996011358
http://www.sciencedirect.com/science/article/pii/S0167880997001503

Citation: Alarcon A, Hernandez-Cuevas LV, Ferrera-Cerrato R, Franco-Ramirez A (2012) Diversity and Agricultural Applications of Arbuscular
Mycorrhizal Fungi in Mexico. J Biofertil Biopestici 3:115. doi:10.4172/2155-6202.1000115

Page 9 of 10

62.

6

w

64.

6

[

66.

6

J

6

[ee]

69.

7

o

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

. Velasco-Velasco J,

agriculture. In: Hamel C, Plenchette C, editors. Mycorrhizae in crop production.
New York, USA: The Haworth Press 197-238.

De la Rosa-Mera CJ, Ferrera-Cerrato R, Alarcon A, Sanchez-Colin MJ, Mufioz-
Mufiiz OD (2011) Arbuscular mycorrhizal fungi and potassium bicarbonate
enhance the foliar content of the vinblastine alkaloid in Catharanthus roseus.
Plant Soil 349: 367-376.

.Manjarrez-Martinez MJ, Ferrera-Cerrato R, Gonzalez-Chavez MC (1999)

Efecto de la vermicomposta y la micorriza arbuscular en el desarrollo y tasa
fotosintética de chile serrano. Terra Latinoamericana 17: 9-15.

Manjarrez-Martinez MJ, Alarcon A, Ferrera-Cerrato R (2005) Fertilizacion
foliar en plantas de Annona cherimola Mill. inoculadas con hongos micorrizicos
arbusculares. Terra Latinoamericana 23: 553-562.

.Alarcon A, Ferrera-Cerrato R (2003) Aplicacion de fésforo e inoculaciéon de

hongos micorrizicos arbusculares en el crecimiento y estado nutricional de
Citrus volkameriana Tan & Pasq. Terra 21: 91-99.

Alarcén A, Gonzalez-Chavez MC, Ferrera-Cerrato R, Villegas-Monter A (2000)
Hongos micorrizicos arbusculares en la dinamica de aparicion de estolones y
nutricion de plantas de fresa cv. Fern obtenidas por cultivo in vitro. Terra 18:
211-218.

. Alarcon A, Gonzalez-Chavez MC, Ferrera-Cerrato R, Villegas-Monter A (2001)

Efectividad de Glomus fasciculatum y Glomus etunicatum en el crecimiento de
Vitis vinifera L. micropropagadas. Terra 19: 29-35.

. Alarcon A, Davies Jr FT, Egilla JN, Fox TC, Estrada-Luna AA, et al. (2002)

Short term effects of Glomus claroideum and Azospirillum brasilense on growth
and root acid phosphatase activity of Carica papaya L. under phosphorus
stress. Revista Latinoamericana de Microbiologia 44: 31-37.

Alarcéon A, Gonzalez-Chavez MC, Ferrera-Cerrato R (2003) Crecimiento
y fisiologia de Citrus volkameriana Tan & Pasq en simbiosis con hongos
micorrizicos arbusculares. Terra 21: 503-511.

Ferrera-Cerrato R, Almaraz-Suarez JJ (2001)
Vermicomposta, micorriza arbuscular y Azospirillum brasilense en tomate de
cascara. Terra Latinoamericana 19: 241-248.

Rubio R, Borie F, Schalchli C, Castillo C, Azcén R (2003) Occurrence and effect
of arbuscular mycorrhizal propagules in wheat as affected by the source and
amount of phosphorus fertilizer and fungal inoculation. Applied Soil Ecology
23: 245-255.

Bainard LD, Koch AM, Gordon AM, Klironomos JN (2012) Temporal and
compositional differences of arbuscular mycorrhizal fungal communities in
conventional monocropping and tree-based intercropping systems. Soil Biol
Biochem 45: 172-180.

Ipsilantis |, Samourelis C, Karpouzas DG (2012) The impact of biological
pesticides on arbuscular mycorrhizal fungi. Soil Biol Biochem 45: 147-155.

Sangabriel-Conde W, Trejo-Aguilar D, Soto-Estrada A, Ferrera-Cerrato R,
Lara-Capistran L (2010) Potencial de colonizacién de hongos micorricico-
arbusculares en suelos cultivados con papayo bajo diferentes manejos de
produccion. Revista Mexicana de Micologia 31: 45-52.

Davies Jr FT, Olalde-Portugal V, Alvarado MJ, Escamilla HM, Ferrera-Cerrato
R, et al. (2000) Alleviating phosphorus stress of chile ancho pepper (Capsicum
annuum L “San Luis” by arbuscular mycorrhizal inoculation. Journal of
Horticultural Science and Biotechnology 75: 655-661.

Davies Jr FT, Olalde-Portugal V, Aguilera-Gémez L, Ferrera-Cerrato R, Alvarado
MJ, et al. (2002) Alleviating of drought stress of chile ancho pepper (Capsicum
annuum L. cv. San Luis) with arbuscular mycorrhizal fungi indigenous to
Mexico. Scientia Horticulturae 92: 347-359.

Cartmill AD, Alarcén A, Valdez-Aguilar LA (2007) Arbuscular mycorrhizal fungi
enhance tolerance of Rosa multiflora cv. Burr to bicarbonate in irrigation water.
Journal of Plant Nutrition 30: 1517-1540.

Cartmill AD, Valdez-Aguilar LA, Bryan DL, Alarcon A (2008) Arbuscular
mycorrhizal fungi enhance tolerance of vinca to high alkalinity in irrigation
water. Scientia Horticulturae 115: 275-284.

Van der Heijden MA, Sanders |, Thomas Boller T, Wiemken A (1998) Different
arbuscular mycorrhizal fungal species are potential determinants of plant
community structure. Ecology 79: 2082-2091.

Jansa J, Smith FA, Smith SE (2008) Are there benefits of simultaneous root

8

=

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

colonization by different arbuscular mycorrhizal fungi? New Phytologist 177:
779-789.

. Karagiannidis N, Thomidis T, Lazari D, Panou-Filotheou E, Karagiannidou

C (2011) Effect of three Greek arbuscular mycorrhizal fungi in improving the
growth, nutrient concentration, and production of essential oils of oregano and
mint plants. Scientia Horticulturae 129: 329-334.

Allen E, Brown JS, Allen M (2001) Restoration of animal, plant, and microbial
diversity. Encyclopedia of biodiversity, Volume 5, Academic Press, New York,
USA.

Stukenbroke EH, Rosendahl S (2005) Clonal diversity and population genetic
structure of arbuscular mycorrhizal fungi (Glomus spp.) studied by multilocus
genotyping of single spores. Molecular Ecology 14: 743-752.

Croll D, Wille L, Gamper HA, Mathimaran N, Lammers PJ, et al. (2008) Genetic
diversity and host plant preferences revealed by simple sequence repeat and
mitochondrial markers in a population of the arbuscular mycorrhizal fungus
Glomus intraradices. New Phytologist 178: 672-687.

Gomez-Leyva JF, Lara-Reyna J, Hernandez-Cuevas LV, Martinez-Soriano JP
(2008) Specific polymerase chain reaction-based assay for the identification of
the arbuscular mycorrhizal fungus Glomus intraradices. Journal of Biological
Sciences 8: 563-569.

Ortega-Larrocea MP, Xoconostle-Cazares B, Maldonado-Mendoza IE,
Carrillo-Gonzalez R, Hernandez-Hernandez J, et al. (2010) Plant and fungal
biodiversity from metal mine wastes under remediation at Zimapan, Hidalgo,
Mexico. Environmental Pollution 158: 1922-1931.

Martinez-Garcia LB, Pugnaire FI (2011) Arbuscular mycorrhizal fungi host
preference and site effects in two plant species in a semiarid environment. Appl
Soil Ecol 48: 313-317.

Uribe-Valle G, Dzib ER (2006) Vesicular arbuscular mycorrhizal (Glomus
intraradices), Azospirillum brasilense and Brasinoesteroid on yield of maize in
luvisol soil. Agric. Téc. Méx 32: 67-76.

Sanchez de la Cruz R, Diaz-Franco A, Pecna QV, Garza Cl, Loera J (2008)
Glomus intraradices y Azospirillum brasilense en trigo bajo dos regimenes de
humedad en el suelo. Universidad y Ciencia 24: 239-245.

Aguirre-Medina JF, Moroyoqui-Ovilla DM, Mendoza-Lépez A, Cadena-Ifiiguez
J, Avendafio-Arrazate CH, et al. (2011) Hongo endomicorrizico y bacteria
fijadora de nitrogeno inoculadas a Coffea arabica en vivero. Agronomia
Mesoamericana 22: 71-80.

Watanarojanaporn N, Boonkerd N, Wongkaew S, Prommanop P, Teaumroong
N(2011) Selection of arbuscular mycorrhizal fungi for citrus growth promotion
and Phytophthora suppression. Sci Hortic 128: 423-433.

Berch S, Ferrera-Cerrato R, Gonzélez-Chavez MCA (1989) Vesicular-
arbuscular mycorrhizal fungi from corn fields in Atlacomulco, Mexico. Mycologia
81: 933-935.

Varela L, Trejo D (2001) Los hongos micorrizégenos arbusculares como
componentes de la biodiversidad del suelo en México. Acta Zool Mex 1: 39- 51.

Violi HA, Barrientos-Priego AF, Wright SF, Escamilla-Prado E, Morton JB,
et al. (2008) Disturbance changes arbuscular mycorrhizal fungal phenology
and soil glomalin concentrations but not fungal spore composition in montane
rainforests in Veracruz and Chiapas, Mexico. Forest Ecology and Management
254: 276-290.

Varela L, Estrada-Torres A, Alvarez-Sanchez FJ, Sanchez-Gallén | (2008)
Catalogo ilustrado de hongos micorrizégenos arbusculares de la Reserva de la
Biosfera de Los Tuxtlas. (CD). Mexico DF, Mexico: SEMARNAT, CONACYT,
GEF, TSBF-CIAT, Instituto de Ecologia, AC, Facultad de Ciencias-UNAM.

Mufoz-Marquez E, Macias-Lépez C, Franco-Ramirez A, Sanchez-Chavez E,
Jiménez-Castro J et al. (2009) Identificacion y colonizacion natural de hongos
micorrizicos arbusculares en nogal. Terra Latinoamericana 27: 355-361.

Barcenas A, Varela-Fregoso L, Strirmer S, Chavez-Barcenas AT (2011)
Catalogo de hongos micorrizégenos arbusculares de huertos de aguacate
de Michoacan, México. Actas VII Congreso Mundial del Aguacate, Cairns,
Australia.

Hernandez-Cuevas L, Castillo S, Guadarrama-Chavez P, Martinez Y, Romero
MA, et al. (2003) Hongos micorrizégenos arbusculares del Pedregal San
Angel. DF, México, Las Prensas de Ciencias-UNAM, México DF.

Pezzani F, Montafia C, Guevara R (2006) Associations between arbuscular

J Biofertil Biopestici
ISSN:2155-6202 JBFBP, an open access journal

Volume 3 + Issue 1« 1000115


http://www.ajol.info/index.php/gjas/article/viewFile/2017/10643
http://redalyc.uaemex.mx/redalyc/html/573/57319104/57319104_1.html
http://www.esajournals.org/doi/abs/10.1890/0012-9658%281998%29079%5B2082:DAMFSA%5D2.0.CO;2
http://www.deepdyve.com/lp/elsevier/arbuscular-mycorrhizal-fungi-host-preference-and-site-effects-in-two-TgfTdES2vn
http://www.sciencedirect.com/science/article/pii/S0304423811000768
http://www.springerlink.com/content/h60181614k247661/
http://redalyc.uaemex.mx/redalyc/html/573/57317102/57317102.html
http://redalyc.uaemex.mx/src/inicio/ArtPdfRed.jsp?iCve=57311146014
http://redalyc.uaemex.mx/redalyc/html/573/57321111/57321111_1.html
http://redalyc.uaemex.mx/redalyc/html/573/57318304/57318304_1.html
http://www.medigraphic.com/pdfs/lamicro/mi-2002/mi021f.pdf
http://redalyc.uaemex.mx/redalyc/html/573/57321406/57321406_1.html
http://redalyc.uaemex.mx/redalyc/html/573/57319305/57319305_1.html
http://www.sciencedirect.com/science/article/pii/S0929139303000453
http://www.sciencedirect.com/science/article/pii/S0038071711003683
http://www.sciencedirect.com/science/article/pii/S0038071711003130
http://www.scielo.org.mx/scielo.php?pid=S0187-31802010000100007&script=sci_arttext
http://hortweb.tamu.edu/faculty/davies/research/abstracts/pdfs/2000-75-jhsb.pdf
http://www.sciencedirect.com/science/article/pii/S030442380100293X
http://www.tandfonline.com/doi/abs/10.1080/01904160701556802
http://www.sciencedirect.com/science/article/pii/S0304423807003068
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2007.02294.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2007.02294.x/full
http://www.sciencedirect.com/science/article/pii/S030442381100166X
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-294X.2005.02453.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2008.02381.x/full
http://docsdrive.com/pdfs/ansinet/jbs/2008/563-569.pdf
http://www.sciencedirect.com/science/article/pii/S0269749109005338
http://scielo.unam.mx/scielo.php?pid=S0568-25172006000100007&script=sci_arttext
http://www.scielo.org.mx/scielo.php?pid=S0186-29792008000300008&script=sci_arttext&tlng=en
http://www.buscagro.com/detalles/Hongo-endomicorrizico-y-bacteria-fijadora-de-nitrogeno-inoculadas-a-Coffea-arabi..._61857.html
http://www.jstor.org/pss/3760113
http://redalyc.uaemex.mx/redalyc/src/inicio/ArtPdfRed.jsp?iCve=57500004
http://www.sciencedirect.com/science/article/pii/S037811270700597X
http://redalyc.uaemex.mx/redalyc/html/573/57313040010/57313040010_1.html
http://www.avocadosource.com/wac7/Section_02/BarcenasAE2011.pdf
http://books.google.co.in/books?id=XYHFZOepKXgC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://www.ncbi.nlm.nih.gov/pubmed/16614817

Citation: Alarcon A, Hernandez-Cuevas LV, Ferrera-Cerrato R, Franco-Ramirez A (2012) Diversity and Agricultural Applications of Arbuscular
Mycorrhizal Fungi in Mexico. J Biofertil Biopestici 3:115. doi:10.4172/2155-6202.1000115

Page 10 of 10

mycorrhizal fungi and grasses in the successional context of the two-phase V (2008) Los Glomales de las planicies del Desierto de Sonora. In: Montafio
mosaic in the Chihuahuan Desert. Mycorrhiza 16: 285-295. NM, Camargo-Ricalde SL, Garcia-Sanchez R, Monroy A, editors. Arbuscular
i . i ) Mycorrhizae in Arid and Semiarid Ecosystems. Mexico DF, Mexico: Mundi-
100.Guadarrama-Chavez P, Camargo-Ricalde SL, Hernandez-Cuevas L, Castillo- Prensa, INE, SEMARNAT, UAM, Facultad de Estudios Superiores Zaragoza-
Arguero S (2007) Los hongos micorrizégenos arbusculares de la region de UNAM 85-95.
Nizanda, Oaxaca, México. Boletin de la Sociedad Botanica de México 81:
131-137. 102.Aguilar-Fernandez M, Jaramillo VJ, Varela L, Gavito ME (2009) Short-term
consequences of slash-and-burn practices on the arbuscular mycorrhizal fungi
101. Aguilera-Gémez LI, Rivas-Manzano IV, Ocampo-Jiménez O, Olalde-Portugal of a tropical dry forest. Mycorrhiza 19: 179-186.

J Biofertil Biopestici
ISSN:2155-6202 JBFBP, an open access journal Volume 3 « Issue 1 + 1000115


http://www.ncbi.nlm.nih.gov/pubmed/16614817
http://redalyc.uaemex.mx/src/inicio/ArtPdfRed.jsp?iCve=57708108
http://www.ncbi.nlm.nih.gov/pubmed/19169717

	Title

	Corresponding author
	Abstract
	Keywords
	Introduction
	AMF diversity in agrosystems
	AMF diversity and effectiveness in wild plant species
	AMF diversity and effectiveness in fruit and forestry plantspecies
	Genetic diversity of Mexican strains of AMF
	Some hypothesis about the AMF in Mexico
	Future prospects in AMF diversity and bioprospecting

	Conclusions
	Acknowledgement
	Table 1

	Table 2

	Figure 1
	Figure 2
	Figure 3
	References

