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A comparative account of mycorrhizal association was investigated from the roots of Michelia
champaca L., Solanum tuberosum L. and Phyllostachys manii Gamble and diversity of
arbuscular mycorrhizal (AM) fungi from the plantation of M. champaca, field of S. tuberosum
and from the runner of P. manii. was evaluated. Highest AM fungal colonization was observed
in M. champaca and lowest was observed in S. tuberosum. However, maximum level of dark
septate endophyte colonization was observed in S. tuberosum. Twenty eight taxa of AM fungi
were isolated from the rhizosphere of three plant species. Of which, 18 were isolated from M.
champaca, 12 from P. manii and 15 from S. tuberosum. Glomus tortuosum and G macrocarpum
were the most abundant species. Shannon diversity was high in P manii with maximum
evenness. The similarity in terms of species composition exhibited between M. champaca
and P. manii. The results revealed similarity in mycorrhizal colonization between tree species
and bamboo species. Nevertheless, mycorrhizal colonization in potato followed different pat-

tern and diversity of AM fungi demonstrated high amount of dominance by a few species.
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INTRODUCTION

The benefits of mycorrhizal associations to plants
include enhanced nutrient and water uptake, pro-
tection against pathogens, improved resistance to
drought, higher tolerance to heavy metals, and in-
creased root surface area (Smith and Read, 1997).
In species-rich natural communities, colonization of
individual plants by mycorrhizal fungi occurs within
a few days of emergence of radicle (Read and Birch,
1988), and can be important for establishment and
survival of compatible plant species (Francis and
Read, 1994). Because of their effects on individual
plant performance, mycorrhizas influence the pro-
ductivity of plant communities and can affect plant
community composition, succession, and species
diversity (Janos, 1996).

Arbuscular mycorrhizal (AM) fungi are common soil
fungi associating with roots of plants in natural and
agro-ecosystems. AM fungi can significantly im-
prove the mineral nutrition of plants (especially P)
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by effectively enlarging the rhizosphere of the plants
with which they associate (Muthukumar and
Vediyappan, 2009). Like mycorrhizal fungi, another
group of root fungal symbionts, dark septate en-
dophytic (DSE) fungi, have been characterized as
producing a range of effects on their host
(Jumpponen, 2001).

Mycorrhizal colonization has been compared in the
plantations of Michelia champaca L. (Das and
Kayang 2010a). Recently, there has been a study
in the DSE fungi and arbuscular mycorrhizal colo-
nization in Sofanum tuberosum L. (Das and Kayang
2010b). Moreover, there has been also a study of
arbuscular mycorrhizal colonization and DSE fungi
in Phyllostachys manii Gamble (Das and Kayang,
2010c). However, there is no report on comparison
of mycorrhizal colonization in a tree species, a crop

‘plant and a bamboo species.

MATERIALS AND METHODS
Site description

The plantation site of M. champaca was selected
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in Mawlein (N25°42 and E91°53; 828.5 m.a.s.l), in
Ribhoi District of Meghalaya, northeast India. P,
manii Gamble were selected for mycorrhizal stud-
ies in the month of October 2008 from plantations
of Meghalaya, northeast India. The bamboo spe-
cies was located at N 25°36 and E 91°53 at 1537
m.a.s.|. Two potato plots, each 100x 50 m? in area,
were selected for root and soil sampling in Swer
village (N 25°25 and E 91°47 at 1910 m.a.s.l) in
the East Khasi Hills District of Meghalaya in north-
east India.

Sample collection

The rhizospheric soil and roots at depths of 0-20
cm around each species, at four different points
for each plant were collected. The soil samples of
each collection were combined to approximately
500 g soil per plant and was collected. The soil
samples were placed in polythene bags, labeled
and transported for further analysis in the labora-
tory. Then leaf litters were removed, ground, sieved
with a 2-mm sieve, stored at refrigerator and pro-
cessed for spore analysis. The roots were fixed in
FAA.

Root processing

The fixed roots were washed in tap water, cleared
in 10% KOH at 90°C and stained with black Faber
Castell stamp pad ink (Das and Kayang, 2008).
One cm long stained root samples were mounted
on slides in lactoglycerol and examined for AMF
and DSE structures under a light microscope
(Olympus 41209). Estimations of AMF and DSE
colonization were done by the magnified intersec-
tion method (McGonigle et al., 1990).

AMF spore diversity

The spores were extracted by a modified wet sieving
and decanting method (Muthukumar et al. 2006).
The soil weighing 100 g was dispersed in 1 L of
water and decanted through a series of 710- to
38-um sieves. The residues were filtered through
gridded filter papers and all whole spores were
counted using a light microscope at 40x
magnification. Sporocarps and spore clusters were
considered as one unit. The isolated spores were
picked up with a needle in polyvinyl alcohol/
lactoglycerol under a microscope (Koske and
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Tessier, 1983) and also in mixed polyvinyl alcohol/
lactoglycerol-Meltzer's reagent (1:1, v/v) for
identification. Complete and broken spores were
examined using a light microscope. Taxonomic
identification of spores to species level was based
on sporocarpic size, colour, ornamentation and wall
characteristics by matching original descriptions
(http:/mwww.invam.caf. wvu.edu; Koske et al. 1986;
Blaszkowski 1989; Almeida and Schenck 1990; Wu
et al. 1995; Oehl and Sieverding, 2004).
Photography of the root segments colonized by
fungi and spores of AMF was via a Leica EC 3
camera attached in a Leica dm 1000 microscope.
Spore density, relative abundance (RA), species
richness (SR) and diversity indices were calculated.

Data analysis

All colonization variables were submitted to one-
way ANOVA and Fischer's LSD test was used for
comparison of means. The data were analyzed with
Statistica 9.0 software.

RESULTS
Mycorrhizal colonization

The AM fungal structural colonization revealed that
arbuscules were significantly different in each spe-
cies. There was no significant difference in vesicu-
lar colonization in between S. tuberosum and P.
manii. Moreover, there was no significant difference
in hyphal colonization between M. champaca and
P. manii (Table 1). However, DSE colonization was

slightly high in S. tuberosum The spore density

was found to be 712/100 g of soil in M. champaca,
137/100 g of soil in P manii and 261/100 g of soil in
S. tuberosum.

Table 1 : Comparison of mycorrhizal colonization (%) in three

species of plants

Plant species Arbusc- Vesicles Hyphae DSE

ules (%) (%) (%) (%)
Michelia 26.70+ 1446+ 71.84+ 290+
champaca 234a 186a 417a 059
Solanum 872+ 044+ 1196% 13.220¢
fuberosum 264b 022b 328 165b
Phyllostachys 47 .89t 027+ 6526+ 044+
manii 229¢c 0.11b 246a 022a

Different alphabetical letters denotes different significance level
{p <0.05)
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Table 2 : Comparison of species of AM fungi in the rhizosphere of
three species of plant

Species Michelia  Phyllostachys  Solanum
champaca manii tuberosum
Acaulospora cavernata Q.30 0.00 2.69
A. foveata 0.00 1.69 0.00
A. rehmii 0.30 4.24 0.43
A. scrobiculata 0.00 3.39 0.00
A. tuberculata 2.07 1.69 1.28
Acaulospora sp 1 5.47 0.00 0.00
Acaulospora sp 2 0.00 0.00 0.85
Ambispora sp 1 0.15 0.85 0.00
Glomus aggregatum .00 0.00 0.43
G. ambisporum 0.00 0.85 0.43
G. clavisporum 0.00 2.54 0.43
G. constrictum 14.03 4.24 0.00
G. fueganium 0.15 0.00 - 0.00
G. glomeratum 0.00 0.00 2.14
G. intraradices 1433 10.17 0.00
G. macrocarpum 32.50 27.97 0.00
G. microaggregatum 0.15 0.00 0.00
G. multiculae 26.88 0.00 0.00
G. rubiforme 0.00 8.47 0.43
G. tawanense 1.62 0.00 0.00
G. tortuosum 10.93 33.90 47.44
Glomus sp 2 0.44 0.00 0.00
Glomus sp 3 0.00 0.00 0.43
Signsporsp 1.03 0.00 19.23
Pacispora boliviana 0.44 0.00 21.37
P. chimono bambusae 1.62 0.00 1.28
Paraglomus occultum 0.59 0.00 0.00
Scutellospora fulgida 0.00 0.00 0.85
Total 100.00 100.00 100.00

AM fungal diversity

Twenty eight species of AM fungi were isolated from
the rhizosphere of M. champaca, P manii and S.
tuberosum (Table 2). Of the total 28 species, 18
were found from M. champaca, 12 from P. manii
and 15 from S. tuberosum. Glomus tortuosum,
Acaulospora rehmii and A. tuberculata were the
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most frequent species encountered from all the
sites.

G. tortuosum G. macrocarpum, G. multiculae
Pacispora boliviana, G. constrictum and Gigaspora
sp 1 were the most abundant genera (Fig. 1). Fif-
teen species of Glomus were found, 7 from
Acaulospora, 2 from Pacispora and 1 each from
Ambispora, Gigaspora, Paraglomus and
Scutellospora.

Nine species of Glomus were found from the rhizo-
sphere of M. champaca, 4 species of Acaulospora,
2 from Pacispora, and 1 each from Ambispora,
Gigaspora and Paraglomus. The number of spe-
cies from the rhizosphere of P. manii was 7 from
Glomus, 4 from Acaulospora, and 1 from
Ambispora. From the rhizosphere of S. tuberosum,
AM fungal species isolated were 7 species from
Glomus, 4 from Acaulospora, 2 from Pacispora and
1 each from Gigaspora and Scutellospora. G.
macrocarpum was the most abundant species iso-
lated from the rhizosphere of M. champaca. G.
tortuosum was the most abundant genera isolated
from the rhizosphere of P. manii and S. tuberosum
(Fig. 2).

The diversity indices revealed the maximum domi-
nance of a few AM fungi in S. tuberosum. Shannon
diversity index was highest in P. manii and Simpson
diversity index was high in M. champaca. In P manii
evenness was maximum (Table 3).

The similarity in terms of abundance in between
the sites revealed that M. champaca and P. manii
exhibited similarity in species distribution. However,
the species composition in potato field displayed
dissimilarity from the other two species.

Table 3 : Diversity indices of AM fungi in three plant species

Michelia Phyllostachys Solanum
champaca manii tuberosum
Taxa_S 18 12 15
Dominance_D 0.2472 0.2506 0.358
Shannon_H 1.917 1.922 1.557
Simpson_1-D 0.7528 0.7494 0.642
Evenness_e"H/S 0.3778 0.5693 0.3164
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Fig. 1 : Relative abundance of arbuscular mycorrhizal spores in the rhizosphere of three plant species.
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Fig. 2 : Rank/abundance plots illustrating the richness and abundance of the AM fungal spore morphospecies detected in the study sites.
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Fig. 3 : Cluster analysis showing similarity between three species
of plants

DISCUSSION

All the three species exhibited both AM fungal and
DSE colonization. However, there is significant
difference in colonization in S. tuberosum compared
to the other two species. Different edapho-climatic
factors and environmental factors like soil type, soil
quality, low nutrient status of soil, high aeration, soil
pH, organic matter, soil moisture, rainfall,
temperature, etc. might be responsible to the
variation in root colonization (Sharma et al. 1986).
The occurrence of DSE fungi in >90% of the plant
species corroborates the fact that DSE fungi are
ubiquitous (Jumpponen and Trappe, 1998).
Ruotsalainen et al. (2007) reported a DSE fungal
colonization levels of >40% in D. flexuosa on an
industrial barren. We did not observe any high
levels DSE colonization. The existence of a
significant inverse relationship between the root
length colonized by AM and DSE fungi do suggest
that these variables are influenced by different
factors (Muthukumar and Vediyappan, 2009).
However, this observation corroborates the
suggestion that that increasing stress or site
characteristics may favour DSE over AM fungi
(Christie and Kilpatrick, 1992).

Out of seven established genera, Glomus was the
most distributed genera. Glomus sporulated
abundantly regardless of tree species and sites
. selected. Sharma et al. (1986) also reported the
dominance of the Glomus. They described the
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wider adaptation of the taxon in varied soil
conditions. Glomus and Acaulospora were common
and widely distributed genera among the samples.
Dominancy of Glomus in the present study is in
agreement with the reports of Sharma et al. (1986)
and Pande and Tarafder (2004). The
predominance of Glomus under varying soil
conditions may be due to the fact that they are
widely adaptable to the varied soil conditions and
can survive in acidic as well as in alkaline soils
(Pande and Tarafder, 2004). The sporulation
pattern of Glomus might bring about the dominance
of the taxon. Spores of Glomus are grown in cluster
and sporulate more frequently while other like
Gigaspora, Scutellospora etc sporulated singly.
Thus, less population of Gigasporineae might be
quite expectable.

The distribution of AM fungi can be measured in
terms of fungal species occurring under certain
conditions (Sieverding, 1991). Variation of diversity
indices was observed in the present study.
Variations of diversity indices observed in the
present study might be due to the climatic factors,
different life durations of the host plants, different .
disturbing agents etc which might be responsible
for spore abundance and distribution of AM fungi
(Chaurasia et al. 2005; Muthukumar and Udaiyan,
2000). Diversity of mycorrhizal fungi might often
be variable with the same plant (Allen and Boosalis,
1983). Different life duration of the different host
plants had been reported to be the controlling
factors of the species composition of AM fungi
(Muthukumar and Udaiyan, 2000), thus the
variation of diversity indices might be resulted in.

The results indicated that M. champaca harbours
maximém number of species in the plantations with
high spore density. Although, similarity exists
between P manii and M. champaca. Furthermore,
the presence of diverse community of AM fungi
should be tested to evaluate the growth efficacy of -
the various isolates.
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