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Abstract

The soils of Khasi and [aintia Hills of Meghalaya are
characterized of having acidic pI-I. The soil samples from
several sites such as abandoned coal mine, coalmine roadside,
potato field and pine forest were examined for arbuscular
mycorrhizal fungi (Ar\-1F).The soils were analysed for spore
extraction and soil physico-chemical properties. Soil-physico-
chemical properties such as moisture content (%), texture
(%), pH and available phosphorus (%) differed Significantly.
Spore density counts revealed that maximum spores were
recovered from coalrnines. Interestingly, spore richness was
more to be in potato fieJd as well as in coalmines. PCA
exhibit least variation in spore density compared to other
environmental factors. Cluster analysis shows less
dissimilarity between pine forest and abandoned coalmine
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and maximum dissimilarity between pine forest and coalmine.
Morphotypes from Glomus, Gignspora, !1t'lIl1iosporn,

Entrophospom, Pacispom and Scutellospora were identified.

Keywords: arbuscu la r mycorrhizal fungi, dissimilarity,
morphotypes, pH, spore density
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Introduction

Arbuscular mycorrhizal fungi (AMF) form associations with
the majority of terrestrial plant species and have been shown to
improve the growth and nutrition of individual plants (Smith &
Read, 1997), defends plan ts against pathogens (Rabie, 1998),
alleviates environmental stresses on plants (Ruiz-Lozano et al.,
200"1), improves plant tolerance to drought and polluted
environments (Auge ', 2001; Vivas et al.. 2003) and accelerates
plant establishment (Caravaca et al., 2003). At present, AMF are
considered as an important component in the restoration and
reestablishment of the vegetation in fragile or degraded ecosystems,
and in the maintenance of plant biodiversity and ecosystem
functioning (van der Heijden et al.. 1998; DhiJlion & Gardsjord,
2004).

The acidity, low P content, and high P sorption capacity
(A rines & Sainz, 1987) ad vice liming and phosphate fertilization
as a common practice to improve plant productivity, and these
treatments are known to affect the fungal populations in soils
(Azc6n -Aguilar et al., 1985). The low productivity of acidic soils
is often related to chemical constraints including deficiency of
phosphorus, nitrogen, calcium, and other nutrients and toxicity
of manganese and aluminum (Sanchez, 1976;Sanchez & Salinas,
1981). The soils developed 011 sedimentary and metamorphic
rocks of north-eastern region are acidic (pH 4.0 to 5.6) and
highly leached, having poor base saturation and low exchange
capacity (Sen et al., ']997).

Our aim is to determine the inoculum density and species
compostion of the acidic soils from Meghalaya. In addition to
compare the edaphic factors of different sites such as coal mine,
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Figure 1: Map of northeast India showing MeghaJaya
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abandoned coal mine, potato field, roadside and pine forest.

Materials and methods

The soil samples were collected from Shillong. Swer and
Khliehriat. Meghalaya, India. In Khliehriat disturbed areas such
as coalmine, abandoned coalrnine and road side (NH-44) are
included in this study. In Swer. a potato field was selected and
a sub-tropical pine forest was selected in Shillong (Fig. 1)

Spores were extracted by modified wet sieving and decanting
method (Muthukumar et al. 2006). 100 g of soil was dispersed
in 1 I water and decanted through a series of 7] 0 to 38 1 sieves.
The residues were filtered through griddec1 filter papers and all
whole spores were counted using a dissection microscope at
40X magnification. Sporocarps and spore clusters were considered
as one unit. AMF spores were mounted in polyvinyl alcohol-
lactoglycerol with or without Meltzer's reagent for identification
using keys from Oehl & Sieverding 2004; Blaszkow ki 1989; http:/
/www.invam.caf.wvu.edu. The photography of the spores and
the root segment colonized by AMF was done with the help of
Leica EC 3 camera a ttached in Leica dm 1000 microscope. Spore
density was expressed as number of AM fungal spores per soil
sample. Species richness is the number of identified A;V!F species
per soil sample.

The soil physical characteristics such as texture and
moisture content (%). Soil texture was analyzed using sodium
hexarnetaphosphate method (Allen et al. 1974). For moisture
content (%),10 g sub sample was oven dried to constant weight
was determined. The soil was analyzed for soil chemical
parameters such as pl-I, organic Carbon and available Phosphorus
Measurement of pH was done using Microprocessor - based
Pocket pH testr 2 (Eutech Instruments) Available phosphorus of
soilwas determined following standard methods molybdenum-
blue method (Allen et al. 1974). The soil organic carbon was
estimated using colorimetric method (Anderson & Ingram 1993)

One sample t test was conducted to analyze the variation in
the soil physic-chemical properties and spore density. Principal
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component analysis (scatter plot) was used to examine whether
the five -ites differ on the basis of the eight variables. To represent
the complex multivariate relationships among the variables,
agglomerative hierarchical cluster analysis was performed and
results were expressed as a dendrogram.

Result

The physico-chemical properties are presented in Table 1.
The percentage of sand in roadside was highest and lowest in
clay and vice-versa applied for the pine forest. The silt percentage
was maximum in coal mine arid lowest in abandoned coal mine.
The moisture content was highest in coalrnine and minimum in
roadside, The pH was lowest in abandoned coal mine and
maximum in pine forest. The organic carbon and available
phosphorus was lower values in abandoned coal mine and
higher in potato field. The spore density per 25 g of soii was
presented in Table 1. The variation of spore density is shown in
Figure 2.

Table 1: Spore density and selected soil physico-chemical
properties of five sites

~i!(' Spore A10!stlll'C SOlid :;1I! Cl ai, pH ()rgl1l1ic {)/)05'

den,ity! ("i) (%) f%) (%) C (%j phorlls
25g (l1Ig/kgJ

Pim' !;:'rl'.c-:t 197 23.1 :I 75.% 2.56 22.0S 6.-1 1.0 2.:18

R(\,ld~!ti1..' NH-44 3'\ 1:'.10 90.Gb 1.72 8.22 SA O.6·j 233

;"\bclnth,rH:d
coalrnuu 143 20.23 89.3 0.42 10.2S 4.4 0.51 2.33

Coalmin« 567 ~2,9 R4.1 1.98 10.92 4.8 1.52 2.80

Po ta to held 102 2ii.21 82. '\03. 5614. 085.37 J 1.-15 5.94

Spurr density and Organic C does not differ significantly
hetvve-en the five sites and other soil physico-chemical properties
:oi(',nificantly differ at [1<0.05.

Principal component analysis reveals least variation in spore



Arouscular Mycorrhizal Fungifrom the Acidic Soils ofMeghalaya 235

600

'0
II)

:i? 400
N

~
'"C
<I>

~ 200oc.
(/)

o
Roadside

NH-44
Potato field Adandoned Pine forest Coalmine

coaimine

Figure 2: Spore density of different sites
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density in all the sites as compared too the environmental factors
(Figure 3). Cluster analysis exhibit highest dissimilarity between
pine forest and coalmine and low between pine forest and
abandoned coalmine (Figure 4).

Seventeen morphotypes were recovered from all the sites
(Table 2 & Figure 5). Isolation frequency is presented in Table 2.
Species richness in the sites follows the trend potato field>
coalmine > pine forest> roadside> abandoned coal mine. Glomus
was the richest species of all the genera (figure 6). Sorenson's
coefficient shows higher values in all the disturbed sites than
between pine forest and disturbed SItes (Figure 7).

The AMF community composition similarity as assessed by
Sorenson's coefficient between the pine forest and roadside,
abandoned coalmine and coalmine were 0.4, 0.25 and 0.31,
respectively. Sorenson's coefficient between roadside and
abandoned coalmine and between roadside and coalmine were
0.67 and 0.72, respectively. The similarity between coefficients
was 0.44 in between abandoned coalrnine and coalrnine. Sorenson's
coefficient between potato field and pi.ne forest, roadside, coalmine
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Table 2: AMF species composition of all the five sites ~.;;..
;:::

AMI-' species Pine forest RoadsIde Abmldoned
'J,

COLliminf Potato Frl'I/JHI1I'!I ~
NH-44 coalmine field S'

'"s:
Acaulospom scrobiculata + + + 60 3
Acaulospora sp 1 + 20 :5::::-
Acaulospora sp 2 + - . 20 N'

~
Acaulospora sp 3 - -I- 20 ;?
Enthophosphora sp + 20 '~

Cigaspora sp 1 40 '-.- + + c:
Gigaspora sp 2 + 20

Oi

Glomus spl + + + + + 100 ~
),

C. sp2 + + + 60 r-

~
G.aggregatum - + + + 60 r:

\.n

G. caledonian 20 <:)

+ ::.;
'r,

G. clavispora + + 40 ......:.;,.,

G. rubiformis + + 40 s:
~

G. tortuosum + 20 if
Pacispora boliviana 20

;;-
- - - - + .'S

Pacispora sp 1 + 20
Scutellospora fulgida + + ~(J ,........•,

~_,!.~':::_ ;;.;~ •. ;:~;,~x;;.~;,w:>?tl-~7. .•;m•.•~;~ttft1t55i~~=.'~=.i~¢ftf±titt5;;tf~~j~1f::rr:~;5i:;.;~1£i:iliitg'$?ewVit;::-~··:"r:;;i~:;t'::~tfij~i¥g_:z#s¥t&"""'~::'in@S
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Figure 5: Arbuscular mycorrhizal fungi isolated from the acidic soils (a &
b) Acaul ospora species isolated from different; (c & d) Gigaspora species;
(e-h) Glomus species isolated from different sites and (i) Pacispora species,
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Figure 6: Species richness of different AMF species isolated from
acidic soils

and abandoned coalmine are 0,18,0.13,0.08 and 0.22, respectively.

Discussion

The features favoring the higher population may either be
the conducive to edaphic conditions for sporulation like low
nutrient status, high aeration and optimum moisture or the
undisturbed conditions of the soils which allowed sufficient
time for the build up of mycorrhizal spores (Chulan and Omar,
1991).However, in this study coalmine is found to be very high
comparatively to other sites. AMP distribution and mycorrhizal
efficiency might be influenced by soil pH, soil humidity level,
etc (Abbott and Robson, 1991;Moreira-Souza et al., 2003). Sharma
et al., (1986) reported that the incidence of AMF species in the
subtropical forest of Meghalaya (India), are controlled to a great
scale by the soil pH, organic matter, moisture and nutrients
status of forest floor.The soil pH isknown to control the availability
of nutrients from the soils to plants thereby regulating the status
of mycorrhiza (Baylis,1967).In an undisturbed ecosystem, higher
spore population was quite natural as AMF spores tended to be
higher and the population diversity was higher in native
undisturbed forests than the disturbed and replanted areas
(Sieverding, 1991).
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Patterns of spore production, spore quantity etc are closety
related to the plant phenology, root phenology and root production
(Brund rett, 1991). Every life history of a mycorrhizal fungus is t
subjected to be influenced by plant roots. Spore germination,
germination rate, direction of germ tubes hyphal branching
recognition of the host root penetration establishment intensity
of colonization growth of hyphae into soils and sporulation of
the AMF were reported to be affected by the plant roots (Bhatia
et al., 1996). Different life duration of the different host plants
had been reported to be the controlling factors of the species
composition of AMP (Muthukumar and Udaiyan. 2000), thus the I~
variation of diversity indices might be resulted in. There was ;
also great diversity of mycorrhizal fungi often associated with
the same plant (Alen and Boosalis. 1983). Disturbance might
also responsible for distribution of AMF (Jasper et al., ]989).

Sharma et al., (1984 and 1986) reported the dominance of the
Glomus in northeast India. They described the wider adaptation
of the taxon in varied soil conditions. The sporulation pattern
of Glomus might bring about the dominance of the taxon. Spores
of Glomus are grown in cluster and sporulate more frequently .1
while other like Gigaspora. Scutellospom etc sporulated singly.
Thus, less population of Gigasporineae might be quite expectable
as also reported (Dhar & Mridha, 2006). Acaulospora species are
often associated with acidic soils (Abbott and Robson, 1991),
whereas the soils studied were also acidic which supports the
occurrence of two species of Acaulospora. Pacispara boliuana may
favour these sub-tropical region and also ubiquitous as reported
by (Oehl and Sieverding, 2004).
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