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Mycorrhizal status (VAM) of some mangroves growing in saline and non-
saline soils

TANUMI KUMAR AND MONORANJAN GHOSE
Agricultural and Ecological Research Unit, Indian Statistical Institute, 203 Barrackpore Trunk Road, Kolkata 700108,
Wesr Bengal

The present study describes the mycorthizal associations in five mangrove species namely, Bruguiera
gymnorrhiza (L.) Lam., Excoecaria agallocha L., Heritiera fomes Buch. Ham., Phoenix paludosa
Roxb., and Xylocarpus mekongensis Pierre. growing in two distinct ecological sites. One group is
growing in non-saline garden soil of the Indian Statistical Institute, Kolkata and the other group in
the ridge saline zone of the Sundarbans forest. The vesicular arbuscular mycorrhizal (VAM) status of
these plants were evaluated in terms of VA fungal spore number (Sp) per 10 g of rhizospheric soil,
frequency of mycorrhiza (F%). intensity of mycorrhizal colonization (M%), arbuscule (A%), vesicle
(V%) and hyphal abundance (H%) in the root systems. The soil salinity levels of the garden ranged
from 0.32 to 0.96 ppt and were more nutrient poor [in terms of available nitrogen (N)], whereas
salinity levels of forest soils ranged from 5.33 to 10.67 ppt with high concentrations of exchangeable
sodium (Na) and potassium (K). The extent of mycotrophy was more in fresh water condition of the
garden than that of the saline Sundarbans forest. The garden mangroves showed the mean F% and Sp
as 94.91 and 16.73, whereas the forest mangroves possessed only 28.67 and 14.8 respectively,
Excoecaria agallocha showed high F%, M%, A% and highest Sp in the rhizospheric soils at both the
sites. In the saline tracts of the forest, Heritiera fomes lacked mycorrhizal colonization in the roots.
Both ‘Arum’ and *Paris’ types of mycorrhizal colonization were common in Bruguiera gymnorrhiza,
Excoecaria agallocha, Xylocarpus mekongensis at both garden and forest and in Heritiera fomes at
the garden. Phoenix paludosa exhibited ‘Arum’ type at the garden, but ‘Paris’ type at the forest.
Spore numbers showed significant positive correlation with F%, whereas negative correlation with
available phosphorus (P) content of the soil. The F%, M%. and H% were highly positively correlated
to each other, but were highly negatively correlated to soil salinity, exchangeable Na, K and available
P content. The A% was positively correlated to F% and M% but not significantly correlated to any of
the soil characteristics. Glomus and Acaulospora were frequent in both garden and forest soils, but
Glomus versiforme was predominant in the garden soils and G. mosseae and G. etunicatum in the
soils of the Sundarbans.
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INTRODUCTION

Mangrove is a type of coastal woody vegetation
that fringes muddy saline shores and estuaries in
tropical and subtropical regions (Blasco et al.,
1975). Tomlinson (1994) defined mangroves as
tropical trees restricted to intertidal and adjacent
communities. On the Gangetic and Brahmaputra
deltas of West Bengal and Bangladesh, lies the
world’s one of the largest mangrove forests, the
Sundarbans. The term ‘Sundarbans’ came into

existence either from the local Bengali name
‘Sundri’ of the once prevalent mangrove species
Heritiera fomes Buch. Ham. or from the words
‘Sundar’ (meaning beautiful) and ‘bans’ (meaning
forests) i.e. beautiful forests (Naskar and Guha
Bakshi, 1987). The crecks and back waters of the
Sundarbans are subjected to tidal influence and are
therefore saline. The tidal amplitude ranges from 3
m to 8 m high from mean sea level depending upon
the solar phases and position of rivers (Naskar and
Guha Bakshi, 1987).
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A good deal of work has been published on the
occurrence of vesicular arbuscular mycorrhizal
(VAM) fungi in halophytes of salt marshes from
different parts of the world ( Brown and Bledsoe,
1996: Carvalho er al., 2001, 2003, 2004: Cooke and
Lefor, 1990: Cooke et al., 1993: Juniper and
Abbott. 1993: Hildebrandt er al.. 2001: Hoefnagels
et al., 1993; Kim and Weber. 1985: Mason, 1928;
Mohankumar and Mahadevan. 1986: Rozema er al.,
1986: Van Duin er al., 1989). The only studies on
the occurrence of VAM in mangroves of
Sundarbans were reported by Sengupta and
Chaudhuri (1990, 1991, 1994 and 2002). However,
they did not quantify the internal mycorrhizal
structures in the mangroves.

More than ten years back seedlings and fruits of
some important mangroves were collected from the
Sundarbans and planted in the non-saline garden
soil of the Indian Statistical Institute, Kolkata.
These mangroves are surviving and growing well
under fresh water terrestrial conditions.

In order to explore the mycorrhizal status, we
selected five species of mangroves from the
terrestrial garden soil and the same species from the
saline Sundarbans region. Hence the objectives of
the present study were (i) to compare and contrast
the possible differences of mycorrhizal status of
five species of mangroves growing in two distinct
ecological habitats (i.e. non-saline and saline). and
(i) to quantitatively evaluate mycorrhizal
colonization, internal mycorrhizal structures and
fungal spores in relation to some physico-chemical
properties of the soil.

MATERIALS AND METHODS
Study sites

The first site constituted the garden of the Indian
Statistical Institute (ISI), Kolkata (22.65N and
88.38E) at an elevation of 9 m above mean sea
level, where some mangroves were grown under
fresh water terrestrial condition. The second site
was selected on the saline ridge forest of the
Sundarbans (22.11N-22.12N and 88.77E-88.83E).
During winter, the temperature of both the study
sites is cool, but not cold, hardly goes down to
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10°C, and in summer it is warm to hot, sometimes
rising above 40°C in Kolkata, but the temperature
never exceeds 38°C in the Sundarbans due to
prevalence of vast amount of water surface (Naskar
and Guha Bakshi, 1987). The average rainfall and
humidity during monsoon in both the sites are more
or less the same, being 170 cm and 96% respec-
tively.

The first site was designated as garden and the
second site as forest.

Sample collection

Root and soil samples of five mangrove species
(see Table 1) were collected from each site during
the month of September 2004. Three to six
individuals of each species of different stages of
growth (vegetative and reproductive) formed the
samples. Care was taken during collection of an
individual plant that roots were positively identified
as belonging to the particular plant. Young
seedlings were uprooted together with some soil
adhering to the roots. Fine roots of mature trees
were traced by digging, and taken out with adhering
soil. In both the cases samples were brought to the
laboratory, roots were separated from the adhering
soil, washed gently under tap water and fixed in
FAA (formalin-acetic acid-alcohol) for estimation
of VAM colonization. Root adhering soil of each
individual was air dried at room  temperature,
sieved, and divided into two portions. One portion
was used for VAM fungal spore isolation,
eénumeration and identification, and the other
portion for determination of physical and chemical
properties of soil.

Estimation of VAM fungal colonization

Roots were taken out from FAA, rinsed with
distilled water, cleared in 10% KOH at 90°C,
bleached in alkaline Hz(),, acidified with 1% HCI
(Kormanik and McGraw. 1982), and stained with
0.05% trypan blue lacto-glycerol stain at 80°C -
90°C (Phillips and Hayman, 1970). The material
was then destained and stored in lacto-glycerol.

For estimation of VAM fungal colonization, 30
pieces of 1-cm fragments of roots with diameter <
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2 mm were mounted on slides (10 per slide) in
polyvinyl alcohol-lactoglycerol (PVLG). Each root
fragment was ranked under a compound microscope
for the presence and quantification of infection
(colonization) and extent of development of
arbuscules, vesicles, intercellular and intracellular
hyphae including hyphal coils. The mycorrhizal
percentages such as. F% (frequency of mycorrhiza
in the root system), M% (intensity of mycorrhizal
colonization). A% (arbuscule abundance). V%
(vesicle abundance). and H% (fungal hyphae in the
root system) for individual plant were calculated
according to the method of Trouvelot et al.. (1986)
with slight modifications and using the computer
programme ‘Mycocalc” (http://www.dijon.inra.fr/
Mychintec/Protocole/Workshop_Procedures.html).

The mycorrhizal colonization was designated as
either “Arum’ type (A) or ‘Paris’ type (P) according
to the descriptions given by Smith and Smith
(1997). Plants exhibiting both the types were
designated as (A+P). Plant species were classified
as consistently mycorrhizal (all individuals of a
species having mycorrhizal colonization) or
inconsistently mycorrhizal (only some individuals
colonized) according to Koske er al. (1992) and
Muthukumar er al. (2003).
Isolation, enumeration and identification of
VAM spores

Spores were extracted from 10 g of soil in triplicate
for each sample by wet-sieving and decantation
method of Gerdemann and Nicolson (1963),
followed by sucrose centrifugation method of
Daniels and Skipper (1982). The finest sieve used
was 37 um. The spores were collected on grid
patterned filter paper and washed with distilled
water to spread the spores evenly over the entire
grid. The spores were counted using a dissecting
microscope at x40 magnification. Only intact and
healthy spores were counted, and each sporocarp
was considered as one unit.

Spores were mounted on glass slides in PVLG and
PVLG+Melzers reagent. Spore morphology and
subcellular characters were compared to the type
descriptions of the species (Schenck and Perez,
1990) and also to the culture database established
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by INVAM (http://invam.cag.wvu.edu) for identi-
fication. Photomicrographs of VAM structures and
spores were taken.

Determination of soil characters

Soil pH, salinity (Sal. calculated from electrical
conductivity), available nitrogen (N), available
phosphorus (Olsen P). exchangeable potassium (K)
and sodium (Na) were measured according to
Jackson (1973).

Statistical analysis

Two-way Analysis of Variance (ANOVA) was used
to test whether there were significant differences in
spore number, different mycorrhizal percentages
(F%, M%, A%, V% & H%) and soil parameters
between species and site. Pearson’s correlation
coefficient analysis was employed for evaluation of
the relationships  between spore  number,
mycorrhizal percentages and soil parameters. SPSS
software version 7.5.1. 1996 was used and the
values for individual plant were entered for the
statistical analyses.

RESULTS .
Mycorrhizal colonization

Table 1 shows the VAM status of the five
mangroves along with soil characteristics in two
different sites. VAM fungi (Fig. 1) occurred at both
the sites in Bruguiera gymnorrhiza, Excoecaria
agallocha, Phoenix paludosa, and Xylocarpus
mekongensis. Heritiera fomes showed VAM
colonization only at the garden. The highest F%
(100%), M% (66.11%) and H% (40.43%) occurred
in Xvlocarpus mekongensis at the garden soil,
whereas they were very low (22.22%, 12.11% and
3.52% respectively) in the saline forest soil.
Excoecaria agallocha (Fig. 1 1, m) showed the
highest A% and V% (31.79% and 20.95%
respectively) in the non-saline garden soil. At the
forest soil E. agallocha possessed the highest F%
(78.89%), M% (33.52%), A% (22.45%) and H%
(8.74%), but Phoenix paludosa (Fig. la, b, ¢)
showed the highest V% (8.74%). P. paludosa
exhibited *Arum’ type hyphae with arbuscules and
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Vesicular arbuscular mycorrhiza (VAM) in five mangrove species. a, b, ¢, d, ¢ VAM structures in Phoenix paludosa. a Vesicles (one
indicated by an arrow) and hyphae; bar 200 um. b Vesicles (arrow indicating a single vesicle) and hyphae; bar 50 pm. ¢ Arbuscule (trunk
indicated by an arrow) in the cortical root cell; bar 10 um. d Intracellular hyphal coils in cortical cells; bar 30 um. e Intracellular hyphal
coil and vesicle (arrow); bar 30 um. f Hyphal coils and vesicle (arrow) in Bruguiera gvmnorrhiza; bar 30 pm. g, h VAM structures in
Heritiera fomes. g Hyphae and vesicles (one indicated by an arrow); bar 200 pm. h Single vesicle; bar 30 pm. i, j, k VAM structures in
Xylocarpus mekongensis. i Hyphae and vesicles (one indicated by an arrow); bar 200 um. j Intracellular hyphal coils; bar 30 pm.
Arbuscule (trunk indicated by an arrow); bar 20 um. I, m VAM structures in Excoecaria agallocha. 1 Vesicles and spores, bar 50 pm. m
Single root cortical cell with arbuscule (trunk of which indicated by an arrow); bar 20 um. a, b, g exhibit *Arum’ type and d, e, f. j
‘Paris’ type VAM structures.
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vesicles at the garden soil but ‘Paris’ type 2o 120 -

colonization with  characteristic  intracellular £ §

hyphae, hyphal coils (Fig. 1 d). intracellular E 5& 180

vesicles (Fig. 1 ) and arbuscules (with occasional ~ § E 3 80 f*. Fo
absence of typical arbuscules in some individuals) E‘Eg 60

at the forest. The remaining four species showed EE‘:E 40 - Sp
both types of colomization (Fig. 1 f-m), with g 2% B f
occasional absence of vesicles in some individuals g2E

of the species. P. paludosa and E. agallocha were % @c 0 -

consistently mycorrhizal, whereas the rest three §§ Garden Forest

species were inconsis izal. It was .
species were inconsi tently myc‘orrh It wa Slies
interesting to note that mycorrhizal colonization
‘ i e . o1: . Fig. 2 : Mean frequency of mycorrhizae (F%) in the root systems and
was absent in Heritiera f()mes in the saline forest, mean spore numbers (Sp) in 10 g of rhizospheric soil at the

although a few spores occurred in the rhizospheric two siles viz. garden and forest. Bars represent standard
soils erTors.
among the species, and M% between sites. The

Table 2 shows that there were significant H% also differed significantly between sites. A%

differences in F% between the species, between and V% did not differ significantly between
sites, and between species and sites. Fungal spores  species, between sites and between species and
(Sp) in the rhizospheric soils differed significantly  sites.

Table 1 : Mean spore number in 10 g dry weight soil (Sp), frequency of mycorrhiza (F%), intensity of mycorrhizal colonization (M%), arbuscule
abundance (A), vesicle abundance (V), fungal hyphae (H%) in the root system, and rhizospheric soil characteristics of the five species
at the two sites viz. garden (g) and forest (f). The scientific names of the plants have been given together with their families in
parentheses. Values in parentheses represent standard deviations of means. Other abbreviations are as follows: s-shrub, t-tree, M struc.-
mycorrhizal structures, VA(A)-vesicular arbuscular *Arum’ type. VA(P)-vesicular arbuscular ‘Paris’ type, VA(A+P)-both *Arum’ and
‘Paris” types or intermediate forms, Sal-salinity (ppt), N-available nitrogen (mg/kg)., P-available phosphorus (mg/kg), K.Na-
exchangeable potassium and sodium (meq./100g) respectively.

Parameter Bruguiera Excoecaria Heritiera Phoenix paludosa® Xylocarpus
gymnorrhiza' (L.) Lam, agallocha' L. Sfomes' Buch. Ham Roxb. mekongensis' Pierre.
(Rhizophoraceae) (Euphorbiaceae) (Sterculiaceae) (Arecaceae) (Meliaceae)
g f g f g f g f g i
M struc.  VA(A+P)  VA(A+P) VA(A+P) VA(A+P) VA(A+P) — VA(A) VA(P) VA(A+P)  VA(A+P)
Sp 14.33 16.67 29 T 2933 5 2.67 17.33 9.67 18 15.67
(£3.51) (£9.07) (21.73) (=18.01) (£1.73) (£1.53) (£6.51) (x4.51) (£7) (x£10.50)
F% 88.33 7.78 98.33 78.89 97.66 0 90.22 34.45 100 22.22
(x12.58) (x13.47) (£2.89) (£2.39) (+2.04) (£9.68) (£26.73) (0) (+38.49)
M% 47.24 1.9 65.18 33.52 61.26 0 42.30 22.62 66.11 12.11
(£29.91) (£3.29) (£5.67) (£19.19) (+3.83) (£22.05) (£27.76) (£34.55) (+20.98)
A% 12.92 1.33 31.79 22.45 16.38 0 23.46 12.32 23.68 8.34
(£19.81) (x2.31) (£26.92) (+£16.89) (+8.42) (£21.63) (x12.05) (£22.44) (x14.45)
V% 2.42 0.51 20.95 231 17.74 0 1.22 8.74 1.99 0.45
(£2.79) (x0.88) (+26.73) (£2.20) (£15.64) (+1.52) (+14.69) (£2.67) (x0.78)
H% 31.91 0.06 12.43 8.77 33.14 0 17.63 157 40.43 3.32
(£33.26) (£0.09) (+5.57) (*5.17) (£21.26) (£5.14) (£2.01) (+33.49) (£5.74)
pH 8.11 7.8 8 3.83 8.05 7.68 8 73 8.11 8.23
(=0.09) (x0.79) (0) (x0.05) (x0.04) (£0.25) o - (x1.4) (£0.09) (£0.64)
Sal 0.64 10.67 0.64 533 0.32 6.08 0.96 6.05 0.64 6.08
(0) (+0.58) (0) (x0.67) (0) (£1.99) (0) (£3.29) (0) (+2.88)
N 289.33 281.4 23147 498.4 204.47 374.27 220.33 901.6 214.2 37231
(£129.42) (x134.89) (£344.43) (£344.43) (x13.30) (£60.21) (+3.00) (£421.79)  (£32.74) (+8.42)
P 4.07 9.11 6.43 8.79 3.04 16.71 3.81 8.09 6.32 15.09
(£3.79) (x1.45) (£5.69) (£8.23) (+4.20) (+£21.84) (+2.86) (£6.37) (£5.69) (+14.34)
K 0.41 1.89 0.67 1.22 0.37 1.23 0.39 1.28 0.39 1.1
(x0.12) (+0.56) (x0.23) (0) (+0.14) (£0.47) (£0.03) (x0.05) (+0.02) (+0.22)
Na 2.01 16.45 2.14 14.93 2:11 17.53 2.32 6.36 2.09 17.52

(x1.04) (+4.68) (x1.39) (£4.89) (£0.57) (+4.18) (£1.13) (x4.91) (£0.27) (£5.87)




3le

Fig. 2 illustrates that the average frequency of
mycorrhizae in the root systems of the garden
mangroves (94.91%) was much higher than that of
the forest mangroves (28.67%).

On mycorrhizal status (VAM) of some mangroves
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Spore analysis

The highest spore number (29) occurred in the
rhizospheric soils of E. agallocha at both the sites

(Table 1). The lowest VAM spores (2.67) occurred
in the rhizospheric soils of H. fomes at the forest.
Table 2 shows that there were significant
differences in the spore number between the species

Table 2 : Two-way ANOVA of different parameters by species, site
and species®site.  All effects entered simultaneously.
Abbreviations as i Table I. ’

Parameter Factors F (F=7.584, P<0.01). Neither sample site nor the
Sp Species 7.584%% interaction between species and site showed any
Site 0.432 ns s : .
o . y C Fio
Species * Site f3a e Sll:nlfthdI][ d;lfferince on the spore qumben. Elc. 2
% S 6. 100+ a so S oul/s t .21[ t ? mean number of spores in the
Site 124.279%** rhizosperic soils of garden (16.73) and forest (14.8)
Bpecies e S35 did not vary much. The VAM fungal spores
e :;szes ;.Izg(;;i* belonging to four genera, namely Glomus,
ite G75%*+ .
Species » it 1.006 ns Acaulospora,  Gigaspora and  Scutellospora
A% Species 1.680 ns occurred at the garden. while only the first three
Site 3.574 ns genera occurred at the forest. The predominating
Species * Si 0.028 ns o
peeies TSl " spores of Glomus versiforme (Karsten) Berch
V% Species 1.048 ns
Site 2613 ns occurred at the garden, whereas Glomus mosseae
Species * Site 1.615 ns (Nicol. & Gerd.) Gerdemann & Trappe and Glomus
HY% Species 0.531 ns etunicatum Becker & Gerdemann occurred at the
Site 15.896% Fisresit
Species * Sile 1.062 ns g
pH Species 1.690 ns . .
Site 0.175 ns Soil analysis
Species * Site 1.704 ns
. g,‘"‘;c""s ffg?;m** There was no significant difference in pH and
1 - u .
Species * Site 2968 available P content of the two sites (Tables 1, 2).
N Species 2.458 ns However, significant differences occurred in
Site 14.281%+ salinity of the rhizospheric soils between species,
Species ¥ Site 2.968* . . :
A between sites, and between species and sites (Table
P Species 0.284 ns s y
Site 1014 ns 2). The mean salinity of the garden soils ranged
Species * Site 0.338 ns from 0.32 to 0.96 ppt, whereas in forest soils it
K Species 2.209 ns ranged from 5.33 to 10.67 ppt (Table 1). The
s 88.140%#%* . X
e e g ) amounts of exchangeable K and Na, and available
Species * Site 2.767 ns . B X )
Na Species 3 509 ns N‘occurred much more in the forest soils [ha.n those
Site 01,516+ of the garden (Table 1). These parameters differred
Species * Site 1747 18 significantly (P< 0.01 & P< 0.001) mainly between
#p<0.05,  **P<0.01,  ***P<0.001,  ns=not significant sites (Table 2). Soils of both garden and forest were

Table 3 : Pearson’s correlation coefficients (r) between Sp, different mycorrhizal percentages and soil characters including the two sites viz.
garden and forest. Abbreviations as in Table .

Sp F% M% A% V% HY% pH Sal N P K Na
Sp 1.000  .421% 293 351 059 100 197 -046 067 -337% -057  -.023
F% A20* 1.000 8524 53 2% .332 613%# 154 =791%*  .246 - 495%% L 769%* L FE2F*F
M% .293 N 1.000 .645%% 336 732%% 114 -678%* 24| -.448* -665%% . T20%*
A% 351 532%% 645%% 1000  -.042 127 067 -360  -016  -238  -309  -350
V% 059 332 336 -.042 1000 -049 004 238 047 2132 -210 -.389%
H% 100 613%%  732%x 127 049 1.000  .109 -556%%  -368%  -382%  ..506%%  .530%=

*  Corrclation is significant at the 0.05 level (P< 0.05)
*## Correlation is significant at the 0.01 level (P< 0.01)
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poor in major plant nutrients, particularly available
N and P (Table 1L

Correlation amalvsis

Table 3 illssaases the correlation between different
soil paramesers amd the mycorrhizal characteristics.
The Sp showed significant positive correlation
(P<05) wuth P% and negative correlation with P
(P< 005, The F% also showed significant positive
comclanom wuh M%. A% and H%. whereas
megative correlation with Sal, P, K and Na (P<
001, The M% also registered significant positive
comeletiom with A% and H% (P< 0.01) and
megative correlation with Sal, Na, K (P< 0.01). and
P (P< 005 The A% showed significant positive
correlation with F% and M% (P< 0.01), but not
comrelated to any of the soil characteristics. The V%
showed omly significant negative correlation with
Na (P< 003). The H% indicated significant
megative correlation with Sal (P< 0.01), N (P<
0.05). P (P<0.05). K (P< 0.01) and Na (P< 0.01) in
addition 1o positive correlation with F% and M%.

DISCUSSION

The five mangrove species of Sundarbans growing
in fresh water conditions in the garden support the
view of Waisel (1972), that halophytes grow in
saline habitats not because they are salt loving, but
because they can tolerate high concentrations of salt
better than other plants of non-saline habitats.

The present study indicates that the extent of
mycotrophy was much greater in fresh water
condition than in saline water condition. However,
the number of spores did not decrease significantly
with increasing soil salinity. These findings are in
conformity with Aliasgharzadeh er al. (2001),
where they found the same trend between some
crop plants (non-saline) compared with two
halophytes. Hirrel (1981), and Tressner and Hayes
(1971) were of the opinion that sporulation of
arbuscular mycorrhizal (AM) fungi is stimulated
under salt-stress conditions.

The mangrove Heritiera fomes of the saline
Sundarbans forest soils did not show any VAM
structure except a few spores, although its
counterpart in non-saline garden soil possessed
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quite high amount of VAM. This indicated that
salinity might plays a big role in this species which
inhibited VAM infection, and might be designated
as a facultative mycotrophic species. This fact
could be one of the reasons for its gradual depletion
(Naskar and Guha Bakshi, 1987) from the highly
saline substrate of the western Sundarbans. The AM
fungal spores present in the rhizospheric soils of H.
fomes might have come from the interwoven roots
of adjacent AM fungi colonizing plants as
suggested by Muthukumar and Udaiyan (2000) and
Muthukumar er al. (2003). Juniper and Abbott
(1993) also postulated that in high salt
concentrations, mycorrhiza formation of even the
mycotrophic plants may be adversely affected.
McMillen et al. (1998) reported that spore
germination and hyphal growth were inhibited by
high concentration of NaCl. However, Bowen
(1987) opined that salinity induced by NaCl might
differ from natural salinity which contained
different salts. Among the five mangroves.
Exceocaria agallocha showed almost equal spore
numbers and high VAM infections in both garden
and forest soils, which indicated its wide ecological
amplitude in regards to mycorrhizal infection.

Root characters are known to significantly affect
the mycorrhizal status of plant species (Hetrick,
1991). Absence of root hairs make the mangroves
more dependent on mycorrhizae for nutrient

- acquisition from the soil (Baylis, 1975).

According to Smith and Smith (1997) most of the
‘experimental studies had involved cultivated plants
that form ‘Arum’ type VAM, rather than ‘Paris’
type in wild plants. In our study this was found to
be true in case of Phoenix paludosa, but not in
Bruguiera gymnorrhiza, Excoecaria agallocha, and
Xylocarpus mekongensis, as they exhibited both
*Arum’ and ‘Paris’ types of mycorrhizae in both
garden plants as well as in wild forest plants.
Occurrence of both types of mycorrhizae in the
forest plants of these latter three species were in
accordance with the findings of Sengupta and
Chaudhuri (2002).

Higher percentages of arbuscular abundance in the
root systems of the studied mangroves was an
indication of symbiosis between plants and VAM
fungi (Smith and Smith, 1989). However, arbuscule
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abundance might be related to sampling season,
since the present study was carried out during the
wet period (September), when arbuscules were
found to be more abundant than vesicles (Sigiienza
et al., 1996).

The study revealed that spore numbers (Sp) varied
significantly among the species but was positively
correlated to F% and negatively correlated to soil
available P. On the other hand, F% varied
significantly between species, between sites, and
between species and sites, but correlated to various
factors such as, Sp, M%, A%, H%, Sal, P, K, and
Na. These results supported the general conclusion
that variation in spore numbers and frequency of
mycorrhizae in the root systems might be due to
several factors. including mycorrhizal dependency,
variation in host species and their phenology, host
plant-mediated alteration of the soil microenviron-
ment, or other unknown host-plant traits (Eom et
al., 2000:; Lorgio er al., 1999: Wang er al., 2004).
The high spore number in the rhizospheric soils of
Excoecaria agallocha at both the sites indicated
and supported the conclusion of Wang et al., (2004)
in that the host species apparently had direct effects
on spore density and colonization of AM fungi.

The spore density in the saline soils of the
Sundarbans (present study) ranged between 2.67 to
29.33 per 10 g soil which, was higher compared to
3 to 30 per 50 ml soil of the Yellow River Delta
reported by Wang er al. (2004). However, Sengupta
and Chaudhuri (2002) reported spore number
ranged between 170-793 per 10 g soil of the
Sundarbans, which was much higher and
contradictory. Low density of AM fungal spores
was also reported in humid tropical forests (Janos,
1980; Fischer er al., 1994) and in primary tropical
forests of Xishuangbanna (Muthukumar er al..
2003). According to Brundrett (1991) AM fungal
spore numbers decreased during root growth and
increased during root senescence. This fact might
be the reason for the low spore numbers which we
obtained in our study. Significant positive
correlation between Sp and F% in the present study
contradicts reports of Brundrett (1991) and
Brundrett er al. (1996). However, the observation is
consistent with the studies of Muthukumar and
Udaiyan (2000), Aliasgharzadeh er al. (2001) and
Muthukumar er al. (2003).

-
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The significant positive correlation of Sp with F%
and negative correlation with available P, and the
highly significant negative correlation of F% with
Sal, P and Na were in accordance with the findings
of Aliasgharzadeh er al. (2001). Contrary to the
results of Trouvelot et al. (1986), F%, M% and H%
were found to be more sensitive to P content in the
soil than A%. Since F%, M% and H% were highly
correlated to each other, they showed more or less
similar behaviour to the soil characteristics. There
was a significant negative correlation between V%
and Na, and between Sp and P. This finding
remains  unexplained and requires further
investigation.

Glomus and Acaulospora were trequent in the soils
of both garden and the Sundarbans. This is in
accordance with the observations that species of
Glomus and Acaulospora were more abundant in
the tropical soils (Muthukumar and Udaiyan, 2000;
Muthukumar er al.. 2003). Glomus mosseae
occurred as one of the most predominant species of
AM fungi in the saline soils (as in the observations
of Aliasgharzadeh er al., 2001 and Sengupta and
Chowdhuri, 2002). Some of the spores have been
identified to the species level. the rest are yet to be
identified. Further studies are in progress to
characterize the different AM fungal species in the
garden and at the forest. In due course of time we
intend to apply molecular approaches to identify
AM fungi within colonized roots.
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