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During the last few years there have been revolutionary changes in understanding of
arbuscular mycorrhizal (AM) fungi distribution, conservation and prospecting using com-
putational databases and platforms. In the present study a searchable biodiversity data-
base available at http://amfungi.aurobindo.du.ac.in and www.amfungi.in is presented us-
ing MS access and visual basic applications (VBA). A consolidated region-wise distribution
checklist of 148 species of AM fungi belonging to 21 genera of the phylum Glomeromycota
is developed, which can be searched either species-wise or state-wise to retrieve informa-
tion about latest consensus classification, type specimen description, apart from occurrence
and abundance. We report Funneliformis mosseae to be the most widely distributed species
of Glomeromycota in India, present in the largest number of states which is in dissent with
earlier reports of Glomus fasciculatum and Glomus macrocarpum as the most widely dis-
tributed species. The genus Glomus is represented by the highest number of species fol-
lowed by Acaulospora and Scutellospora. The states falling in the Western Ghats region, i.e.
Karnataka, Goa and Maharashtra, contain more than 68.9 % of total AM fungal species
reported from India. Many important states of India especially Himachal Pradesh, North
Eastern India which covers the region of Himalayas and Aravallis remain less represented.
We hope that the checklist serves as a quick reference for knowing which Glomeromycota
are expected at any Indian location and can be further used to fill gaps in world distribu-
tion maps of AMF apart from providing latest classification and quick links to the availa-
bility of monospore cultures and original species description.

Keywords: AM fungi, Glomeromycota, distribution, MS access, VBA programming,
checklist, database.

The phylum Glomeromycota (Schiiller et al. 2001) includes arbuscular
mycorrhizal fungi (AMF), which symbiotically form associations with plant
roots and benefit plant nutrition, growth and survival, due to their greater
exploitation of soil nutrients (Brundrett et al. 1996, Smith & Read 2008).
These associations represent a key factor in the below ground dynamics
which influence diversity and plant community structure (Chaudhary et al.
2008, Turrini & Giovannetti 2012). Understanding distribution and occur-
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rence of AM fungi in forest ecosystems is hampered due to their microscopic
nature, hidden habitat in soil, tedious lengthy procedures for pot culturing
and accurate/correct identification. A checklist on their taxonomic status,
geographical distribution, occurrence and abundance is of prime importance
in understanding ecosystems functioning (Fitter 2005, Turrini & Giovannetti
2012) and forms the basis in many conservation priority approaches, e.g. in
reserve selection procedures (Goswami et al. 2012, Halme et al. 2012) and
IUCBN red listing (Dahlberg & Mueller 2011). Several checklists such as
catalogue of life (Roskov et al. 2013), INVAM (http://invam.wvu.edu/) and
species lists (Schiifler & Walker 2010, http://schuessler.userweb.mwn.de/
amphylo/) or identification manuals (Schenck & Pérez 1990; Oehl et al. 2011
a, b; Blaszkowski 2012) have proven as effective tools for mycorrhizal re-
search and application. Indian Glomeromycota are poorly represented in all
these databases of AMF such as GBIF (Turrini & Giovannetti 2012) and
MAARJAM, the mycorrhizal distribution database (Yang et al. 2012; Schiifler
2013; Opik et al. 2010, 2013).

AMF species diversity in India is poorly known despite the fact that
India is one of the major centres for culture collection and production of
large quantity of AMF inocula as biofertilisers and synthetic seeds (Puri &
Adholeya 2013, Adholeya et al. 2013). Earlier studies indicate the uneven
distribution of Glomeromycota among states, climatic zones and ecosystems,
and the tendency of fungi with a wide geographical distribution to have a
broad host range (Bansal et al. 2012, Lakshmipathi et al. 2012, Sharma &Ya-
dav 2013, Bhattacharya et al. 2013). Presence of AMF has been recorded from
88 % of the sites examined in India with Glomus fasciculatum (currently
named as Rhizophagus fasciculatus) and Glomus macrocarpum being the
most commonly recorded species (Rani & Mukerji 1990). More than 105
Glomeromycota species were known to exist up to 2005 but a systematic re-
cord of occurrence and diversity of AMF in India was not available. The
names have been updated based on the availability of type specimens and
molecular sequence data (Manoharachary et al. 2005; Oehl et al. 2008, 2011
a, b; SchiiBfler & Walker 2010; Goto et al. 2012; Redecker et al. 2013).

The present study is aimed at monitoring arbuscular mycorrhizal fungi
distribution patterns and building a checklist on their taxonomic and biodi-
versity status across 18 states of India namely: Andhra Pradesh (AP), Assam,
Bihar, Goa, Haryana (HAR), Jammu and Kashmir (JK), Karnataka (KN),
Kerala, Madhya Pradesh (MP), Maharashtra (MAH), Meghalaya (MEGH),
Orissa, Punjab, Rajasthan (RAJ), Tamil Nadu (TN), Uttarkhand (UK), Uttar
Pradesh (UP) and West Bengal (WB).

Materials and methods

The available literature consisting of a collection of 64 citations since
Manoharachary et al. (2005) onwards was studied. Several records, referring
to new species descriptions from different regions in India, prior to 2005, e.g.
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Glomus delhiense, G. hyderabadensis, and G. goaensis were also included. A
searchable database with information about the biodiversity status of AMF
species in different states of India was built using MS access and Visual Basic
Applications (VBA). The checklist hence developed is available at http://
amfungi.aurobindo.du.ac.in and www.amfungi.in (Fig. 1) and can be searched
in two ways: (1) species name, whether the given species is recorded from
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gymnosperms and angiosperms and represent an important
component of biodiversity. In fact AM fungi have been suggested to \_

play a key role in ining the di and of \ é ]
plant species in any ecosystem. .'__—\;/ w i
A checklist on their taxonomic status, lical distributi AMF ion Map ‘
present status and abundance is of primary importance in

ling of any tioning and forms the basis in many conservation priority

approaches, .9. in reserve selection procedures and IUCEN red listing. Several of such checkiists

Fig. 1. Present web view of the checklist avaible at http://amfungi.aurobindo.du.ac.in and
www.amfungi.in

India or not and if available at which locations, (2) geographical location /
states of India which are included in the present study. The checklist can be
used to retrieve information about occurrence and abundance of 148 species
of AMF in India. It also provides latest consensus classifications of these spe-
cies (Redecker et al. 2013, http://schuessler.userweb.mwn.de/amphylo), the
study methodology like culture based / field studies for spore isolation or
morphological or molecular methods used for AMF taxonomy and a link to
the original description of the species.It can also be used to retrieve informa-
tion about the availability of the species as monoculture at CMCC (Centre
for Mycorrhizal Culture Collection), TERI, India, which has been designated
as the mycorrhizal germplasm culture collection by the Department of Bio-
technology, Government of India.
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The primary structure of the database consists of 21 tables namely:

(i) Table (i) named ‘literature’ with detailed reference along with complete
list of species and region of study.

(ii) Table (ii) named ‘species_list ‘a list of all species present, extracted from
table ‘literature’.

(iii) Table (iii) named ‘standard_species’ table with all the new names as giv-
en by species list (Schiiller & Walker 2010; http://schuessler.userweb.
mwn.de/amphylo), Oehl et al. (2011 a, b, 2014; http://www.agroscope.
admin.ch/grandes-cultures-systemes-pastoraux/05911/07581/index.
html?lang=en) and Goto et al. (2012) along with all synonyms.

(iv) Tables (iv) to (xxi) are tables for the individual 18 states of India.

A complete checklist of species occurring in India was developed using
the data from the table species_list. Final numbers were obtained by remov-
ing duplicate entries and comparing these names given in table ‘standard
_species’. All older names were replaced with new names and all synonyms
were merged to one present accepted name according to consensus clas-
sification (Redecker et al. 2013). With the help of SQL queries, separate
tables were created for each state and per cent occurrence of species across
a state was calculated on the basis of number of studies in which it oc-
curred divided by total number of studies. Species present in more than
50 % of the studies were recorded as common species of that region. The
wider distribution of a species is judged on the basis of number of states
where it is present.

Results

In the checklist (Tab. 1) 148 species of Glomeromycota are reported for
India. This number of species is much higher than that of 105 as reported by
Manoharachary et al. (2005) and much lower than the estimated number of
species known to exist in the global flora (~270) developed on the basis of
DNA sequence data from the epitypes (SchiiBler & Walker 2010, http://
schuessler.userweb.mwn.de/amphylo/, Opik et al. 2013, Oehl et al. 2014,
http://www.agroscope.admin.ch/grandes-cultures-systemes-pastoraux/
05911/07581/index.html?lang=en). The present checklist (Table 1) includes
several species, which have been reported from India for the first time, e.g.
Glomus delhiense and G. multisustenum from soils of Delhi (Mukeriji et al.
1983), G. goaensis, from Goa (Khade 2009) and G. hyderabadensis from Hy-
derabad (Swarupa Rani et al. 2004). Likewise there are many species in the
Indian Glomeromycota, such as Glomus pachycaulis, which is reported from
five states in several studies and yet is not included in the phylogenetic list
of AMF (http://schuessler.userweb.mwn.de/amphylo/). This emphasizes the
need of more DNA sequence data from type material established on the basis
of living spores and fungal cultures before the new classification can univer-
sally be accepted and applied in drawing general conclusions.
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Fig. 2. Distribution map of 4 most common AM Fungi across different states in India (a to
d) a. Funneliformis mosseae, b. Acaulospora spinosa, c. Rhizophagus fasciculatus, d. Acau-
lospora laevis. (Dark colour indicates presence)

The AMF species reported from India belong to 21 genera with Glomus
being represented by the highest number of species (Table 1). The list of gen-
era arranged in decreasing order according to the number of representative
species is : Glomus, Acaulospora, Scutellospora, Gigaspora, Sclerocystis,
Funneliformis, Rhizophagus, Racocetra, Ambispora, Claroideoglomus, En-
trophospora, Pacispora, Paraglomus, Archaeospora, Redeckera, Diversipora,
Dentiscutata, Septoglomus, Cetraspora, Corymbioglomus and Geosiphon. Of
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Fig. 3. Comparative species richness of Glomeromycota across several states of India pre-
sented in terms of darkness of black colour.

these Dentiscutata, Cetraspora, Corymbioglomus and Septoglomus have re-
cently been included in the list of consensus genera (Redecker et al. 2013). We
should expect a much richer species diversity of AMF in soils of India be-
cause many species may have been ignored in the present checklist in ab-
sence of data about the site of their collection. Also the identification of AMF
mainly depends on the ability of extracting spores and raising monosporal
cultures (Bhattacharya et al. 2013) apart from other constraints.

The nine most widely distributed species arranged based on their repre-
sentation in more number of states in India are: Funneliformis mosseae,
Acaulospora spinosa, Rhizophagus fasciculatus, Acaulospora laevis, Acaulo-
spora scrobiculata, Glomus aggregatum, Rhizophagus intararadices, Clar-
otdeoglomus claroideum and Claroideoglomus etunicatum. These reports
contradict the earlier reports of Glomus fasciculatum (currently known as
Rhizophagus fasciculatus) and Glomus macrocarpum being the most com-
mon species in India (Rani & Mukerji 1990). However, the empty areas in the
distribution maps of these fungi indicate that there is a need for more studies
in the regions of North Eastern India and Northern India before a substan-
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tive conclusion could be drawn at all India level (Figs. 2-3). On the other
hand many AMF species (about 60) are more localized in their distribution
and are hitherto known only in one state and were reported only in one study
(Table 1).

The 18 different states of India studied here include the regions Old
Delhi Ridge (Mukerji et al. 1983), Godavari Belt Forests, Andhra Pradesh
(Renuka et al. 2012), disturbed and undisturbed forests of Karbi Anglong
Hill, Assam (Sharmah & Jha 2011), Western Ghats of Goa (Khade 2009),
Eastern Himalayas in West Bengal (Vyas et al. 2008), Konkan sand dunes of
Maharashtra (Kamble et al. 2012a,b), deserts, arid zones of Rajasthan (Vyas
&Vyas 2012), agricultural fields of garlic plantation at Nilgiris, Tamil Nadu
(Rajeshkumar & Nisha 2012), University farms of Haryana (Bansal et al.
2012), pearl millet, maize, wheat, pigeonpea and chick pea fields in Gwalior,
Madhya Pradesh (Koul et al. 2012) and polluted sites in UP (Khade &Ad-
holeya 2008). Karnataka tops the biodiversity list with 89 species followed
by Goa (69), Maharashtra and Andhra Pradesh (Tab. 2). Very few species are
reported from states like HP, Delhi, Punjab, UP, Haryana and JK but this
does not in any way imply poor species diversity. It rather suggests that a
lesser number of reports are available from these areas and the checklist can
be consolidated by conducting more studies in these areas and also motivat-
ing scientists from these areas to make their studies public.

Discussion

Undoubtedly, India is vastly rich in biodiversity, being one of the top ten
plant species-rich nations in the world and the fourth in Asia, not only in
terms of flowering plants or algae, lichens and bryophytes, etc. but also in
diversity of fungi belonging to phylum Glomeromycota which includes 148
of the total 14500 fungal species known to occur in India (source: India’s
Fourth National Report to the Convention on Biological Diversity) which is
roughly 56 % global AMF flora (Opik et al. 2013). While these figures show
the significance of Indian biodiversity on the national and global level, there
are certain gap areas that need to be addressed in right earnest especially in
context of AMF taxonomy and identification. First, there is the need to carry
out exhaustive all India-based surveys in order to have a better picture of
AMF biodiversity in India. Molecular methods must be applied for species
identification in addition to morphological characters. Several authors have
already pointed out a general lack of such studies from regions other than
Europe and North America and more investigations are suggested to be car-
ried out from regions like Africa and Asia (Kivlin et al. 2011, Young 2012,
Turrini & Giovannetti 2012, Opik et al. 2013). In absence of molecular data
however biodiversity information obtained by traditional morphological
identification of spores is also important and can be used to provide meta-
data to substantiate the molecular data and generalise the distribution pat-
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tern of AMF, for instance, recent studies of Mello et al. (2013) on distribution
of Paraglomus in Brazil.

The development of such check lists and distribution maps is expect-
ed to greatly boost the understanding of world wide AMF biodiversity, that
of India in particular. Earlier biodiversity studies aimed to facilitate the
description of distribution and richness patterns of AM fungi in different
habitats and climatic regions of world, and host plant association using
Glomeromycota DNA sequence and metadata were limited in adding to our
understanding of biodiversity of AMF because there exists a wide gap be-
tween DNA sequence-based and traditional morphotaxonomy of Glomero-
mycota (Opik et al. 2013). The main advantage in the present day research
is the combination of morphology and molecular phylogeny, which is lead-
ing to a gradual development of stable, natural classification of AM fungi.
In the past three years, two distinct classifications of Glomeromycota have
been proposed both of which are characterised by rearrangement of genera
on the basis of rDNA sequence analysis being used for species description
(SchiiBler & Walker 2010; Oehl et al. 2011 a, b, 2014; Stiirmer 2012; Goto
et al. 2012; Silva et al. 2012; Redecker et al. 2013). World wide meetings
and discussions among scientsis, like during the INVAM meeting in France
(Redecker et al. 2013), a progress towards a consensus and robust system-
atics of Glomeromycota is being made. Further support is coming from
recent standardization of easy and convenient methods for culture and
maintenance of AMfungi (Blaszkowski 2012, INVAM: http://invam.wvu.edu/
methods). Future progresses will certainly fill current gaps emerging through
unidentified ecological sequences and unidentified phylogenetic clades
(Opik et al. 2013).

Main highlight of the present survey and checklist developed is that it is
first of its kind which has enlisted the major Glomeromycota of Indian sub-
continent with their distribution maps across different states. Since the data
included was mainly from last 5 years studies, this can be treated as latest
updated list of AMF and can be used for several purposes including filling of
gaps representing Indian region in the distribution maps of AMF in several
world biodiversity databases. Emerging patterns, including the uneven dis-
tribution of Glomeromycota among different states and climatic zones in
India, or the tendency of certain AM fungal species to associate with a wide
taxonomic range of host plants in many states or just limit itself to one re-
gion, can serve as a basis to generate testable hypotheses for future study.
This information about region-specific diversity of AMF has important im-
plications for use of non-indigenous AMF inoculation for commercial pur-
poses in horticultural and land reclamation studies (Mummey et al. 2009). In
addition to providing information to scientists and researchers in the field of
mycorrhizal fungi, the list will be used by officials in central and state gov-
ernment, besides Botanical survey of India, to develop a list of AM fungi that
are common in each state to help expedite the process for obtaining the re-
search isolates and cultures.
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