
American-Eurasian J. Agric. & Environ. Sci., 14 (10): 1080-1088, 2014
ISSN 1818-6769
© IDOSI Publications, 2014
DOI: 10.5829/idosi.aejaes.2014.14.10.12432

Corresponding Author: Bal Krishan Choudhary, Department of Environmental Science, 
Women’s College, Agartala - 799001, Tripura, India. 

1080

Vesicular Arbuscular Mycorrhizal (VAM) Spore Diversity and Density
Across the Soil of Degraded Forest and Rubber Plantation in Tripura, India

Uma Sarkar, Bal Krishan Choudhary and Bipin Kumar Sharma1 2 1

Department of Microbiology, Tripura University, Suryamaninagar - 799022, Tripura, India1

Department of Environmental Science, Women’s College, Agartala - 799001, Tripura, India2

Abstract: Mycorrhizal association is the most common symbiotic relationship found in natural as well artificial
ecosystem. We analyse two important land use system viz. Degraded Forest (DF) and Rubber Plantation (RP)
to  study  the  species  composition  and  diversity  of  VAM. Our study area, 1880 spores (1380 from DF and
500 from RP) were retrieved from the study sites, representing 27 species. About a third of the AMF species
belonged to the genus Acaulospora and a quarter to the genus Glomus. In Total, 25 species were obtained from
degraded forest, 17 species from rubber plantation and 14 species were common in both sites. In DF, the percent
(%) contribution of total spore density was shared by Genus Acaulospora (13.04%), Gigaspora (20.58%),
Glomus (27.54%) and Scutellospora (8.99%). Similarly in RP, the percent distribution was as Acaulospora
(12.8%), Gigaspora (13.6%), Glomus (42.4%) and Scutellospora (3.20%). Four important Genera (Acaulospora,
Gigaspora, Glomus and Scutellospora) shared about 70.14 % spore in DF than 60.59% in RP. Notwithstanding,
spore density in RF was decrease 21.33 % of Acaulospora, 14.30 % of Gigaspora, 33.47 % of Glomus and 77.42
% of Scutellospora compared to DF. There was no significant difference in spore density and number of
species diversity under the land use land cover under the study. It may be concluded from our study that forest
management practices should aim to increase the diversity of tree species of the secondary forest with the aim
also to increase the soil microbiological resources like AMF communities.
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INTRODUCTION assist the plants in their uptake of phosphorus, nitrogen

Mycorrhiza is the mutualistic symbiosis (non- the hyphal network of the fungi apart from increased
pathogenic association) between soil-borne fungi with the absorptive surface area of the roots [4-7]. The non-
roots of higher plants [1]. They are more common in nutritional benefits of VAM association include improved
temperate  and  boreal  forest  trees  and  number  over water relation, increased resistance to root pathogens;
5000  species  mainly  within  the   Basidiomycetes  [1]. mineral element toxicity and stable soil structure [8]. Van
The endomycorrhizal are characterized by inter-and der Heidjen et al. (1998) have reported that VAM fungus
intracellular fungal growth in root cortex, forming specific diversity determines plant community structure and
fungal structures, referred to as vesicles and arbuscles overall ecosystem stability and function [9]. Any
and this characteristic growth gives the endomycorrhizal disturbance on this relationship may cause changes in
the alternate name, Vesicular Arbuscular Mycorrhiza terms of decreased population status and diversity of
(VAM). About 80% of all terrestrial plant species form this these mycorrhizal fungi i.e. forest logging practice and
type of symbiosis [2] and 95% of the world’s present disturbance in soil influenced significant changes in
species of vascular plants belong to families that are VAM propagules [10]. There have been large reports on
characteristically mycorrhizal [3]. VAM are found in a the nature of redistribution and diversity of mycorrhizal
wide range of habitats usually in the roots of fungi in  the  disturbed  soil  environments.  However,
angiosperms, gymnosperms and pterydophytes. The little is known about AM fungal diversity in artificial
fungus obtain carbon from the host plant and in return ecosystems that are subjected to constant human

and other mineral nutrients from deficient sites through
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intervention.  The  main  purpose  of  this study was to (1) suspension was left undisturbed for 15-20 min. The
identify the different VAM fungus species present in suspension was then decanted through the stack of
Degraded forest (DF)and Rubber Plantation sieves 245, 125, 45 and 35micrometer (µm) (arranged in
(RP)ecosystem and (2) to estimate and compare the decreasing order of mesh size from top to bottom). Same
diversity of VAM in both ecosystems. We hypothise that process was repeated 2-3times and the residue from each
VAM spore diversity and abundance will be high in the sieve was collected. The suspension was then centrifuged
forest ecosystem than monoculture plantation. at 2000rpm for 10 minutes and supernatant was discarded.

MATERIALS AND METHODS again centrifuged at 2000rpm for 2 minutes and again

Study Site: Tripura is a  small  hilly  state  is  located  in intopetridis for counting. 
the north-eastern part of the Indian sub-continent,
surrounded by Bangladesh on three sides and  having Spore Identification and Counting: Intact AM spores
rich diversity of both flora and fauna. Over 60% of the were transferred onto glass slides containing polyvinyl
state is hilly and there are five distinct  hill  ranges alcohol-lactophenol with or without Melzer’s reagent and
running parallel to each other from north to south identified under a compound microscope at 400x
interspersed with  valleys  in  between  through  which magnification. Intact AM fungal spores were examined
run all the rivers of the state, west  word  till  they  meet and  counted  under stereo microscope (Olympus OIC
the river Brahmaputra  in  Bangladesh. The total area of 1629) and identifications were made by observing
the state is 10,497.69 sq km and is located between 22° 56' diagnostic characteristics such as spore wall, colour, size
to 24° 32' North latitude and  between 90° 09' to 92° 20' and type of hyphal attachment [14] under compound
East longitude. The climate is characterized by moderate microscope (Nikon-Optiphot-2) with the help of
temperatures that ranging between 10°C-35°C and a INMYCORRIZAL – International Culture Collection of
highly humid atmosphere with the annual  rainfall of Arbuscular and Vesicular-Arbuscular Mycorrhizal Fungi
about 247.9 cm. Forest covers an area of about 6292.681 (http://in Mycorrizal.caf.wvu.edu) and other species
sq km. This suitable tropical climate support luxurious descriptions.
growth of various types  of  forests  scattered  all  over
the state from hilly tract to  plain.  About 19  ethnic Data Analysis: Number of individuals spore for each
groups predominantly living in and  around  the  forests species was counted from the sample in the Microscopic
of Tripura with cooperating nature, have  their  own field. Percentage frequency of individual species = No. of
language, culture, food-habit and socio-religious Sites in which individual X 100 / Total no. of Mycorrhizal
traditions. fungi species in all sites. Relative Frequency of spore for

Soil Sampling: Soil samples for AMF spore collection occurrence of species in a site X100/ Total occurrence of
and species identification was done in 5 plots of each all species (three sites, i.e. Total occurrence =3). Relative
ecosystem (Degraded Forest and 12 year old Rubber Density (RD) was calculated by, RD= Density of a species
Plantation) during March, 2014. Plots were randomly in a site X100/ Total density of all species in all site.
established within each ecosystem. The soil samples from Relative  Importance  Value (RIV) was calculated to
the rhizosphere were collected in sterile polythene bags examine which species was most important in 200 scales.
using soil coral (4.5 cm diameter and 10 cm length) at a RIV= Relative Frequency (RF) + Relative Density (RD).
depth of 0-30 cm. The soil samples were kept in sealed Index of general diversity (H'); we calculated Shannon &
plastic bags and stored at 4°C until analysis. Weaver’s Index ( H´ )=  (ni / N log ni / N); where, ni is

Spore Extraction: Overall, 50 soil samples (5 sites X 5 total number of individuals in that location. Index of
replicates from each land uses) were processed. dominance     was     calculated    by    Simpson’s   Index
Mycorrhizal fungal spores were isolated by wet sieving (C )=  (ni / N) ; where ni is the number of individuals of
and decanting method proposed by Gerdemann and each species and N is the total number of individuals in
Nicholson (1963) and Singh and Tiwari (2001) [11-12]. that location. All the formulas and calculation of diversity
Approximately  50  g of individual air-dried soil sample indices were done followed by Muller–Dombois and
was dispersed in 250 ml of water in a beaker and the Ellenberg (1974) [14].

Then 40-60% sucrose solution was mixed to the pellet and

supernatant was sieved with pore size 35 µm and taken

each species was counted. Relative Frequency (RF) =

the number of individuals of each species and N is the

2



Am-Euras. J. Agric. & Environ. Sci., 14 (10): 1080-1088, 2014

1082

RESULTS AND DISCUSSION with favorable shade, temperature and moisture which

Vegetation Type of Study Sites: The top storey  canopy and regularly monitored rubber plantation. In the total
of DF was unevenly about 20–25 m high; Schima study area a third of the AMF species belonged to the
wallichii (DC.) Korth, Terminalia bellirica (Gaertn.) genus Acaulospora and a quarter to the genus Glomus
Roxb, Careya arborea (Roxb), Dillenia  pentagyna (Figure 1). While this relative distribution in number of
(Roxb), Lagesromia parviflora Roxb. etc. and species in these two genera was more or less the same in
occasionally  Artocarpus  chama  Buch.  Ham. ex Wall the evergreen forest and the deciduous forest. 
and Syzygium cerasoides (Roxb.) Chatt. etc. were the
dominant tree species. The mid storey was dominated by VAM Spore Density and Distribution: Overall  1880
Bauhinia malabarica Roxb., Lannea coromandelica spores (1380 from DF and 500 from RP) were retrieved
(Houtt.) Merr., Vitex peduncularis Wall  ex Scauer., etc. from the study sites, representing 27 species viz
The lower storey was  colonized  by  Holarrhena .Acaulospora delicate, A. denticulate, A. laevis, A.
antidysenterica G.  Don. Ex DC, Glochidion assamicum undulate, Ambisporasps,  Gigaspora albida, G.
Hook. f. and Microcos paniculata L., etc. The ten top calospora, G. candida, G. candida, G. clarum, G. sps,
most dominant tree species were S. wallichi, B. Glomus clarum,   G.    fasciculatum,    G.   microcarpum,
malabarica, T. bellirica, C. arborea, H. anidysenterica, G. mosseae, G. reticulatum, G. ambispora, G. tortuosum,
Lannea coromandelica (Houtt.) Merr., Lagerstroemia G. maculosum, Sclerocystis sps, Scutellospora calospora,
parviflora Roxb., S. cerasoides, G. assamica and M. S. sps, S. sps2, S. sps3, Unidentified 1, Unidentified 2,
paniculata etc. The forest  floor  of  degraded  forest is Unidentified 3 and Unidentified 4. In Total, 25 species
covered with thick layer of litter, weeds and grasses were obtained from DF and 17 species from  RP  and  14
throughout the year. The  ground  was  covered  with species were common in both sites (Table 2). Thirteen
thick layer of  different plant species like, Eupatorium VAM were identified to species level, 10 species were
odoratum, Mimosa pudica, Vernonia cinerea, Sida identified to genus level and 4 remain unidentified. For
acuta, Ageratum conyzoides, Spilathes paniculata, identification, images of some spore observed  are  given
Urena lobata, Cuperus sp., Cynodon dactylon, in  Figure  1.  From  the  analysis,  it was  found   that
Cymbipogon sp., Panicum sp., Euphorbia hirta, species   like   Acaulospora  delicate, A. denticulate,
Desmodium triflorum, Blumea lacera etc. Whereas in Gigaspora candida, G. clarum,  Glomus  microcarpum,
case of rubber plantation (12 year old monoculture), G. tortuosum,   Sclerocystis   sps,   Scutellospora   sps1,
distributed as patches in the  matrix  of  forest  land. It S. sps2 and S. sps3 were present only   in   degraded
was having very few species on the ground. The ground forest, whereas Glomusclarum  and G. reticulatum were
was quite clear due to frequent visit of tappers and restricted to rubber plantation. It was also observed that
ground clearance practices [15]. Very few species of number of species was greater in DF than RF when
Clerodendrum viscosum, Pavetta indica, Spermacoce compared between species and individuals (Figure 2). In
hispida, Rungia pectinata, Ageratum conyzoides, DF, the percent contribution of total spore density was
Spilathes paniculata, etc. Some seedling of trees likes shared by Genus Acaulospora (13.04%), Gigaspora
Microcos paniculata, Mallotus phillippensis, Suregada (20.58%), Glomus (27.54%) and Scutellospora (8.99%).
multiflora, Holarrhena antidysenterica, etc. Grasses like Similarly in RP, the percent distribution was as
Cyperussps, Cynodon dactylon, Cymbipogonsps and Acaulospora (12.8%), Gigaspora (13.6%), Glomus (42.4%)
Panicum repens, Digitaria sanguinalis were frequent. and Scutellospora (3.20%) (Table 1). VAM fungi

Frequency and Abundance of VAM Fungi Spore in Soil: found to dominant in  both  habitats  as  observed by
For all soil composite  samples,  the  spore  abundance their high value of RIV (Figure 3), which may be due to
and species richness of spore community differed their preferred host plant and sporogenous characteristics
substantially. From the compares of species number and i.e.  Glomus and  Acaulospora species  usually  take short
individuals at each site it was clear that high species time period  to  produce  small  spores,  compared  with
richness was observed in Forest site than plantation site. the large spores producing genera Gigaspora and
The average number of spores per 100 g of soil ranged Scutellospora in the same environment [16-17]. Results
from 460 (DF) to 166.66 (RP), with an average value of showed the dominance of Glomineae over Gigasporineae.
313.33. The result shows that forest is an ideal habitat Predominance  of  Glomineae  has  already   been  reported

helps to grow several Mycorrhiza species than artificial

belonging to genera Glomus and  Acaulospora  were
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Table 1: Showing the population characteristics of VAM spore in degraded forest (DF) and Rubber Plantation (RP) sites in Tripura

Degraded Forest (DF) Rubber Plantation (RP)
---------------------------------------------------------------------------- ---------------------------------------------------------------------------
Density of Density of

VAM fungus spores per 100g soil Spore Abundance RIV of spore spores per 100g soil Spore Abundance RIV of spore

Acaulospora delicata 12 2.44 5.05 - - -
Acaulospora denticulata 16 2.44 5.92 - - -
Acaulospora laevis 32 4.88 11.83 21.33 7.14 19.94
Acaulospora undulate 10.67 2.44 4.76 - - -
Ambispora sps 18.67 4.88 8.94 9.33 3.57 9.17
Gigaspora albida 17.33 2.44 6.21 2.67 3.57 12.6
Gigaspora calospora 21.33 2.44 7.08 10.67 3.57 9.87
Gigaspora candida 10.67 2.44 4.76 - - -
Gigaspora clarum 21.33 4.88 3.02 - - -
Gigaspora sps 24 2.44 9.52 9.33 3.57 9.17
Glomus clarum - - - 2.67 3.57 5.17
Glomus fasciculatum 33.33 7.32 14.28 20 10.75 22.12
Glomus microcarpum 13.33 2.44 5.34 - - -
Glomus mosseae 25.33 7.32 12.63 28 10.71 11.14
Glomus reticulatum - - - 6.67 3.57 27.21
Glomus ambispora 2 1.2 15.14 6.67 3.57 7.47
Glomus tortuosum 14.67 2.44 5.43 - - -
Glomus maculosum 6.67 2.44 3.59 - - -
Sclerocystis sps 40 7.32 16.01 6.67 7.14 11.14
Scutellospora sps1 13.33 2.44 5.34 5.33 3.57 6.67
Scutellospora calospora 2.67 2.44 3.02 - - -
Scutellospora sps2 14.67 2.44 5.63 - - -
Scutellospora sps3 22.67 7.32 9.22 9.33 10.71 5.17
Unidentified 1 2 1.2 12.12 6.67 7.14 16.21
Unidentified 2 40 9.76 3.31 6.67 7.14 7.57
Unidentified 3 24 7.32 12.33 12 7.14 14.21
Unidentified 4 21.33 4.88 9.52 2.67 3.57 5.17

Total 460 100 200 166.67 100 200

Table 2: Comparative assessment of different diversity indices (Mean±SE) in Degraded Forest (DF) and Rubber Plantation (RP) sites in Tripura

Paired t test
---------------------------------------------

Diversity Indices Degraded Forest (DF) Rubber Plantation (RP) t-value p-value*

Individuals (N) 460±208.6 166.67±100.43 2.19 0.09
Taxa (S) 13.33± 1.76 9.33±1.76 1.60 0.18
Simpson dominance (D) 0.89±0.04 0.85 ±0.05 1.09 0.33
Shannon diversity (H) 2.41±0.33 2.05 ±0.33 1.32 0.25
Peilou Evenness (E) 0.86 ± 0.09 0.87±0.03 -0.19 0.85
MenhinikRichness (R) 0.63 ± 0.03 0.74±0.05 -3.22 0.03
Jaccard Similarity (J) 0.93±0.03 0.93±.01 -8.07 0.98
Fisher diversity (á) 2.58±0.27 2.16±0.31 1.02 0.36

* Significant at <0.05 level

from tropical sites [1, 18]. Sporulation of Acaulospora is abundance and influence of disturbances on mycorrhizal
more extensive in the preserved area and seemed to be habitat by regular latex collection and plantation
related to high acid pH in the soil [19]. Our study area is monitoring. Since, land disturbance reduces below ground
having predominantly acidic soils [20]. Low value of spore AM fungal communities; their diversity and abundance
density in the RP may be attributed to the lower host plant strongly determine by disturbance intensity [21-22].
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Fig. 1: Showing different species of VAM identified during the study (a- Gigaspora albida, b. Glomus ambispora, c-
Acaulospora undulate, d- Glomus mosseae, e- Scutellospora calospora, f.- Glomus fasciculatum, g- Glomus
maculosum, h- Unidentified 1 and i-Unidentified 2).

Fig. 2: Differences of VAM spore richness between degraded forest (DF) and rubber Plantation (RP) sites in Tripura

Four important Genera (Acaulospora, Gigaspora, This may be due to conversion  of  forest  land  into
Glomus  and  Scutellospora)  shared   about  70.14 % rubber monoculture ecosystem (Figure 4). Similarly,
spore in DF than 60.59 % in RP. This is also due to the Ahmad [10] also reported that there was a reduction of
present of dense and diverse vegetation,  mature   and VAM propagules by 30-50% when a forest soil is severely
old  aged trees, shrubs and herbs; which may provide disturbed through heavy soil mechanical compaction,
suitable environment for their colonization [23]. exposure and erosion. Other reason may be that the soils
Notwithstanding, spore density in RF was decrease 21.33 of disturbed sites are frequently low in available nutrients
% of Acaulospora, 14.30 % of Gigaspora, 33.47 % of and lack the nitrogen-fixing bacteria and mycorrhizal fungi
Glomus and 77.42 % of Scutellospora compared to DF. usually associated with root rhizosphere [24]. 
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Fig. 3: Relative Importance Value (RIV) of VAM spore in Degraded Forest (DF) and Rubber Plantation (RP) sites in
Tripura

Fig. 4: Variation of VAM spore density (Mean ± standard error) in Degraded Forest (DF) and Rubber Plantation (RP)
sites in Tripura

Status of VAM Fungal Diversity: The Shannon-Wiener enhancing the formation and re-colonization of plant roots
Index of general diversity was higher in DF (2.41) by VAM fungi in RP. Like elsewhere we found more spore
compared to RP (2.05), suggesting a greater diversity of diversity in DF that monoculture RP, this may be due to
VAM fungi species in the DF than in RP (Table 2). The fact that a denser plant community helps the colonizing
lower value of index of dominance for VAM fungi in the AM fungi to spread extensively, with less propagules
DF (0.10±0.04) indicates shared dominance of many VAM being lost to dispersal. Dense plant covers also produce
fungi species, while the higher value in RP (0.14±0.05) higher litter fall and great amount of root biomass for
indicates  dominance  by a few species of VAM fungi. maintaining a diverse AM fungal community [28]. Plant
This result is quite comparable with other study of the density is directly associated with VAM diversity since,
same climatic condition [25]. Since the herbaceous and rhizosphere of mature tree has high percentage of spores.
woody plant grows during the fallow period they are the The density and diversity of AM fungi increases with
main agents of restoring soil fertility [26]. It is necessary increasing tree canopy cover especially in deciduous
to improve the re-establishment of this vegetation [27] by forest,  because  plant  in  this habitat may more efficiently
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Table 3: Competitive of VAM spore diversity and density across different land use systems in different region

Sl No Land use Region Soil depth (cm) No. of Species Spore density (individual per 100 gram soil) Reference

1. Pine forest Central Himalaya 0-10 - 57.56 Choudhary, 2012 [30]
2. Seasonally dry Tropical Forest Thailand - 24 59.7 Nandawanget al., 2008 [31]
3. Grass land Western Ghat, India. - 11 May-22 Sathiyadaset al., 2010 [32]
4. Evergreen forest Chile 0-20 20 3164 Castillo et al., 2006[33]
5. Grass land Chile 0-20 29 1001 Castillo et al., 2006[33]
6. Dry deciduous forest Chile 0-20 14 456 Castillo et al., 2006[33]
7. Natural Forest Arunachal Pradesh 0-30 42 13 Singh et al., 2003 [25]
8. Natural Forest South India -- - 271-1285 Visalakshi, 1997[34]
9. Undisturbed Forest Cachar, Assam - 12 879 Sharmah&Jha 2011 [35]
10. 20 year old Teak plantation Cachar, Assam 0-15 7 103 Sharmah&Jha 2011 [35] 
11. Fragmented Forest Brazil 0-15 13 288-2797 Carrenho and Gomes., 2011 [19]
12. Rubber Plantation and Degraded Forest Tripura 0-30 17-25 166.67- 460 Present study

convert the higher solar inception into photosynthetic communities. Current study showed that the production
products which directed to roots, providing a food source of spores of most species and the diversity of AMF
for AM fungi [29]. The comparison of VAM spore communities were jeopardized by stresses produced by
diversity and density in different forest land uses in disturbances in the original environment. Acaulospora
different region [19, 25, 30-35] suggested that present laevis, G. macrocarpum and highly affected by plantation
result could be comparable with those previous studies practices.
(Table 3).
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