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1. INTRODUCTION
Arbuscular mycorrhizal fungi (AMF) are rhizospheric in nature that
develop a nonspecific symbiotic association with the majority of vascular
plants (Gianinazzi and Gianinazzi-Pearson 1986). Composition of the AMF
community may be strongly affected by the individual plant species through
differential effects on hyphal growth and sporulation (Sanders and Fitter
1992; Bever et al. 1996). On the basis of performance of AMF on individual
plants, mycorrhizae influence the productivity of plant communities as well
as affect community composition, succession and species diversity (Janos
1996). Despite recorded exceptions, it is possible to make broad
generalizations about the latitude and altitude, soil properties and the
structure and function of different mycorrhizal types that colonize
dominant vegetation along a gradient of climatic zones (Read 1984).
The Indian Himalayan Region (IHR) with its vast and diverse climatic
zones harbours a large number of plants including those of medicinal value.
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The plants of the IHR are subjected to harsh climatic conditions, especially
in the higher altitudes. Amongst various high value medicinal plants of the
Himalayan region, T. baccata L. subsp. wallichiana (Zucc.) Pilger (the only
Taxus species found in India; common names: thuner, talispatra) has gained
considerable importance as a source of anti-cancer drug Taxol (paclitaxel), a
diterpenoid that was first isolated from the stem bark of T. brevifolia Nutt.
(Wani et al. 1971). Though distributed widely in the Himalayan region, from
Afghanistan in the west to Bhutan in the east between 1800 and 3400m amsl,
this under canopy species does not form extensive cover, and generally
occurs in patches under Quercus semecarpifolia, Abies pindrow, Pinus
wallichiana and Cedrus deodara.
In the present investigation the arbuscular mycorrhizal status was
examined by analyzing the soil and root samples collected from the
rhizosphere of Taxus baccata and, in the trap cultures developed using finger
millet (Eleusine coracana) as a suitable host. Characteristic observations are
given below.
2. SALIENT OBSERVATIONS
Detailed observations have been recorded on the distribution of arbuscular
mycorrhizal fungi belonging to the order-Glomales in the rhizosphere of T.
baccata; percent colonization of AM fungi, average number of vesicles and
population of spores, are shown in Table 1. The colonization of AM fungi
was characterized by the presence of arbuscules, inter/intra cellular
hyphae, vesicles and extraradical chlamydospores (Fig. 1A-F). The degree of
colonization observed at the three sites was in the order: site C > site A > site
B, and the average number of intraradical vesicles were >20 at site C and <10
at site B; these vesicles were not found in the root samples collected from site
A. Shape of the vesicles varied from spherical to ellipsoidal to irregular (Fig.
1D-F). Formation of ellipsoidal and spherical vesicles indicated the presence
of genus Glomus and irregular or rectangular shaped vesicles were
Table 1 Different attributes of AM fungi observed in the rhizosphere soil of
T. baccata
Study Sites
Site A
Site B
Site C

Colonization of
AM fungi (%)
28
23
36

No. of Vesicles
cm –1 root segment
ND
<10
>20

Spore population
Nos. 25g –1
34
40
43
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indicative of the presence of genus Acaulospora in the roots of T. baccata
(Onguene and Kuyper 2001). The occurrence of different shaped vesicles in
the same root segment indicated AM colonization by more than one species
(Tommerup 1988). The absence of vesicles at site A was characteristic of root
colonization by Gigaspora and Scutellispora (Morton 1990). The extraradical
chlamydospores (genus- Glomus) were also associated with fine feeder roots
of T. baccata; such roots were covered with a sheath or mantle of fungal
mycelium, confirming the presence of ectomycorrhizae in T. baccata roots
(Fig. 1 A-B).
Maximum spore population was observed in the rhizosphere soil of T.
baccata collected from the subalpine location (site C), followed by sites B and
A. The higher spore population coincided with higher per cent colonization
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fasciculatum and G. aggregatum were dominant in the rhizosphere soil
samples from sites B and C, respectively. Several workers (Ragupathy and
Mahadevan 1993; Dalpe and Aiken 1998) have reported predominance of G.
fasciculatum, under various climatic conditions, ranging from tropical to
high arctic. The distributional pattern of AMF genera is known to vary with
the climatological region (Vestburg 1995).
While the maximum similarity in occurrence of AMF species existed
between site A and site B, the similarity was least in between site A and site
C (Table 3). The dominance and diversity indices indicated that AM fungi
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dominated at site C with highest diversity in comparison to sites A and B
(Table 4). An increasing trend in the AMF diversity was coincidental with
increase in altitude in the present study. The species richness of plants
generally increases along a gradient from the poles to the tropics, but
mycorrhizal fungi appear to present an exception to this pattern; the fungal
species richness varies between sites regardless of the latitude (Allen et al.
1995). AMF species richness and diversity were maximum at site C where T.
baccata formed open canopy with other dominant forest tree species, while
the distribution of T. baccata was confined to the thick under canopy of
Cedrus deodara and Pinus wallichiana plus Abies pindrow at site A and B,
respectively.
Table 3 Similarity matrix for the occurrence of AM fungi between different sites
Study sites
Site A
Site B
Site C

Site A

Site B

Site C

100

36.36
100

26.66
28.57
100

Table 4 Dominance and Diversity indices of AM fungi at different sites
Study sites

Site A

Site B

Site C

Index of Dominance
Shanon and Wiener
Diversity Index
Simpson Index

0.187
2.718

0.216
2.701

0.122
2.675

0.813

0.783

0.877

In general, the AM fungi are abundantly present in the soils from most
ecosystems, and form mutualistic symbiotic association with roots of
around 80% of terrestrial plant species. However, the diversity of AMF in
natural ecosystems in relation to floristic diversity is poorly studied in
comparison to plant diversity. The AM type of symbiosis is very common as
the fungi involved can colonize a vast taxonomic range of both herbaceous
and woody plants. AM fungi differ widely in the level of colonization they
form with the root systems. Earlier, Bakshi and Thaper (1960) and Khan
(1971) had reported the occurrence of AM fungi in some gymnosperms,
including T. baccata from the Indian subcontinent. The present study would
appear to be the first detailed report on the distribution of AM fungi in T.
baccata roots and rhizosphere soils, from three different sites (sub temperate
to sub alpine/alpine locations) of Kumaun region of ICH.

!

Basic Research and Applications of Mycorrhizae

depth of 10-15 cm after removing the top layers of humus and soil. The soil
pH ranged from 6.03 to 6.66. Roots were excavated carefully with the help of
a hoe preventing any damage. Fine feeder roots were separated and shaken
lightly. The samples were collected in triplicate and placed in labeled
polyethylene bags, and stored in a refrigerator at 4-5° C prior to mycorrhizal
evaluation.
3.3 Estimation of Colonization by AM Fungi
The root samples were rinsed thoroughly in running tap water to remove
adhering soil and debris. Roots were cut into small segments (approx. 1 cm)
for clearing and staining; root segments were cleared in KOH (10%, w/v; 90°
C; 2h) and stained with 0.01%, w/v; acid fuschin (Kormanik et al. 1980).
Afterwards a minimum of 100 root segments were used for the assessment of
per cent colonization of AM fungi, using the following formula:
% AM colonization =

Total number of root segments colonized
¥ 100
Total number of root segments examined

3.4 Isolation and Identification of AM Spores from Soil
Spores of AM fungi were isolated using the wet sieving and decanting
technique (Gerdemann and Nicolson 1963). Individual soil samples were
dispersed in l L of water and the suspension was left undisturbed for 15 min
to allow the soil particles to settle. The suspension was then decanted
through 710- and 36 µm sieves and the residue from the sieves was washed
into beakers. After settlement of heavier particles, the supernatant was
filtered through gridded filter papers. Each filter paper was spread onto a
glass plate and observed through a stereomicroscope (SMZ-2T, Nikon).
Intact AM fungal spores were used for the identification. The spore color
was examined under the same stereomicroscope on freshly collected
specimens immersed in water. Intact and crushed spores in
polyvinylealcohol-lactophenol (PVL) or polyvinylealcohol-lactophenolglycerol (PVLG) were examined and identified according to Schenck and
Perez (1990).
3.5 Trap Culture
Pot cultures were maintained in the greenhouse with soil and root samples
to recover AM spores present in the samples, including those which may not
have sporulated at the time of sample collection. A mixture of autoclaved soil
and sand (3:1) was used for pot cultures (30 cm ht x 25 cm diam). Seeds of a
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local variety of finger millet (Eleusine coracana), following surface
sterilization with 0.01% HgCl2 for 2 minutes and thorough washing with
sterilized distilled water, were sown in pots to provide host plants.
3.6 Data Analyses
Species richness, Shannon and Wiener index of diversity, Simpson’s index
of dominance, and Similarity index were calculated for the distribution and
diversity of AMF species (Franke-Synder et al. 2001).
4. CONCLUSION
Taxus baccata L. subsp. wallichiana (Zucc.) Pilger is medicinally important,
under canopy forest tree species found in the Indian Himalayan region;
occasionally it is also found in open areas near timberline. The root and soil
samples were collected from the rhizosphere of T. baccata from three sites in
the Kumaun region: site A (Jageswar forest, 1800m amsl, Dist. Almora), site B
(Vinayak forest, 2200m amsl, Dist. Nainital), and site C (Khaljhuni forest,
2450m amsl, Dist. Bageswar). Observations on % colonization of Taxus
roots by arbuscular mycorrhizal (AM) fungi and their spore population(s) in
the rhizosphere soil have been recorded.
For each Site, randomly selected 100 fine root segments were examined for
estimating % colonization and the number of intraradical vesicles. Roots
were separated, washed thoroughly with running tap water, cut into small
segments (approx. 1 cm length), cleared with 10% KOH and stained with
0.01% acid fuschin. Maximum colonization (36%) was observed in root
segments from site C followed by sites A (28%) and B (23%). Average number
of intraradical vesicles was >20 at site C and <10 at site B; vesicles were not
found in the root samples collected from site A.
Spore population(s) was found to belong to five genera- Acaulospora,
Entrophospora, Glomus, Gigaspora and Scutellispora. Genus - Glomus was
dominant in the rhizosphere soil of all the three sites; genus - Sclerocystis was
not observed in any of the soil samples. Maximum number of species and
diversity of AM fungi occurred at site C (9 species) followed by sites A (6
species) and B (5 species). This may be a reflection of the vegetational
composition at different sites. It may be noted that the host plants were
growing in the under canopy of Cedrus deodara and Abies pindrow plus Pinus
wallichiana at sites A and B, respectively; contrary to this root and soil
samples were collected from host plants which were growing in the open at
site C.
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