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Abstraet  The arbuscular mycorhizal status of fifleen
mangroves and one mangrove associate was myvestgated
from 27 sites of three inundation Lypes namely, dinmal,
usual spnngtide and summer spangtide. Roots and
thizospheric  soil samples were analysed for spore
density, frequency of mycorrhizal colonization and some
chemical charactenstics of soil. Relative abundance,
frequency and spore nchness of AMFE were assessed at
ecach mundation type. All the plant species excepl
Avicennia alba exhibited mycorthizal colonization. The
study demonstrated that mycormhizal colonieation and
spore density were more influenced by host plant species
than tidal inundation. Forty four AMF species belonging
o sk genern, namely Acanlospora, Entrophospora,
Crigaspora, Glomus, Sclerocystis and Scutellospora, wene
recorded. Clomus mosseae exhibited highest frequency at
all the imundation types; Glom fistulosum, Sclerocystis
coremicides and Glomus mosseae showed highest rela
tive abundance at sies imundated by vsual springtides,
summer springtides and divmal udes, respectively. Spome
rchness of AMF was of the order usual spring-
tide = diwmal = summer springtide mundated  sites.
The mean spore nchpess was 327, Divmally inundated
sites had the lowest concentrations of salinity, avalable

phosphorus, exchangeable potassium, sodivm and mag-
nesium. Statstical analyses mdicated that mycorrhizal
frequency and AMF spore richness were significantly
negatively correlated to soil salinity. Spore richness was
also significantly negatively comelated 1o available
phosphors. The soil parameters of the usual springtide
inundated  sites appeared 1w be favoursble for the
existence of maximum number of AMF. Glomus mos-
seae was the predominant species in terms of frequency in
the soils of the Sundarbans.
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Introduction

Arbuscular mycorrhizal fungi (AMF) oceur in a wide
vardely of ecosystems, such as farmland and forestland,
as well as many stressful environments. The distribu-
tion of AMF in different ecological regions and their
relatons o soil charactenstics and native plants have
been explored by several researchers (Khan 1974
Walker et al. 1982; Kim and Weber 1985; Rozema
et al. 1986; Koske 1987; MceGee 1989; Stahl and
Christensen 1991; Cookeet al. 1993; Hoefnagels et al.
1993; Udaiyan et al. 1996; Barrow et al. 1997
Bhardwaj et al. 1997; Hildebrandt et al. 2001). AMF
populations in saline soils are variable and affected by
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many factors. For example, Hildebrandt et al. (2001)
reported mycorrhizal colonization as well ashigh spore
density in Central European salt marshes. Landwehr
et al. (2002) found the number of spores in European
saling, sodic and gypsum soils o be rather vanable but
high on the average when compared with the reports of
Hildebrandt et al. (20010, with Glomus geosporm as
the dominant species. Alasgharzadeh et al. (2001)
reported that the spore number of AMF in saline soil of
the Tabriz plain of lran was not correlated with soil
salinity but suffered adverse effects of the accumula-
tion of some anions and cations. Wang et al. (2004)
suggested that the poor plant diversity and low
vegelation cover severely restricted colomzation and
diversity of AMF in the saline-alkaline soils of the
Yellow River delta of China. Variation in the popula-
tons of AMF and their symbiosis with plant mootls 1s
related o both soil properties and host plants (Hayman
1982). In addition, species and isolates of AMF differ
in their tolerance o adverse physical and chemical
conditions in soil (Sengupta and Chaudhun 1990
Juniper and Abbott 1993; Mankarios and Abdel-Fattah
1994). Recentimvestigations showed that salt tolerance
of some plants increases under saline conditions when
they are mycorrhizal with certain AMF (Pond et al.
1984 Poss et al. 1985; lindal et al. 1993; Aboulkhair
and El-Sokkary 1994,

Worldwide vadous researchers (Schenck and
Peree 1990; Walker 1992) have wsed morphological
approaches for the specific identification of AMF
spores, but it s also true thal sometimes spores are
difficult to identify by morphology (Reddy et al.
2005) It 1s also an established fact that molecular
techniques to species identification can reveal results
that spore momphology may fail o recogmee (Reddy
et al. 2005). Howewer, it may not be reahste for
every researcher o employ molecular approaches.

Though molecular investigations on AMF have
started yielding promising results in some cases yel
several obstacles are encountered in this way (Reddy
et al. 2005). The lack of clear species concepl and
polymorphism of cumently vsed marker genes make
it difficult to cleady define AMF species by molec-
ular methods (Reddy et al. 20035). It has also been felt
that a single genetic locus (e.g. r DNA) does not
provide clear differentiation of genetic varation in
intra-species and mter-species (Redecker et al. 2003;
Reddy etal. 2005). Due to these constraints of
molecular methods, identification of AME, based on

the morphological features of the asexually produced
propagules e, chlamydospores, sull remams the
most popular and feasible approach for AMF taxon-
omy and classification.

Saline soils occupy over 7% of the eanh’s land
surface. Solutions o saline toxicity in plants should
include both plant breeding for salt tolerance and use of
bwological factors such as mycorrhiza. In this respect, it
is very important to study the diversity and effectiveness
of AMF in saline soils and their effects on host plants.

Mangrove 15 a type of coastal woody vegelation
that fringes muddy saline shores and estoaries in
topical and subtropical regions (Naskar and Guha
Bakshi 1987). On the Gangetic and Brahmaputra
deltas of West Bengal and Bangladesh lies the
world’s second largest mangrove forests, the Sundar-
bans (Ghose 20010, According o satellie imagery of
the Forest Survey of India (1999) total area of the
Indian  Sundarbans was 2125 square  kilometer,
excluding the anastomosing network of creeks and
backwaters. The crecks and backwalers of the
Sundarbans are subjected to tidal influence and are
therefore saline. Sites can be broadly divided into
three typesfelasses (Watson 1928 —diumal, wsoal
springtide and summer springtide.

The only studies on the occurrence of arbuscular
mycorrhiza (AM) in mangroves of Sundarbans were
reported by Sengupta and Chaudhori (1990, 1991,
1994, 2002). However, they did not quantify the
mycorrhizal colonization of the plants in relation to the
properties of soil and tidal inundation. Studies on AMF
populations of the Sundarbans are meagre. Swdy of
relative abundance and frequency of species, their
large scale propagation and their application in the field
might facilitate reforestation programmes in the future.

The objectives of the present study were 1o
investigate the distribution of AMF in the rhizo-
spheres of mangroves and mangrove associates of the
Sundarbans, and o evaluate mycorrhizal frequency in
the roots in relation o tdal inundation and chemical
properties of soil.

Materials and methods

Study sites

Root and sml samples were collected  between
September 2004 and February 2007 from 27 sites of
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siv different areas (including two islands) in the
Sundarbans of West Bengal (Fig. 1). Each site is
equivalent o a guadrate of size 4 m x 16 m. The
latitude-longitude values of the six areas are pre-
sented in Table 1. Sites were broadly divided into
three mmundation types (Watson 1928) viz. diornal
inundation {Diurnal)— 10 sites, usual springtide inun-
dation (Uspy—nine sites and summer springtide
inundation (Sspl—eight sites.

Sampling

Root and soil samples for all available species
(Table 2) at a paticular site were collected from
three o five individuals at different stages of growth
(vegetative and reproductive). The distribution of
species significanty vaded with inundation type
{Table 2). Care was laken during collection of an
individual plant that roots were positively identified
as belonging o the same plant. Young seedhings were
uprooted together with some soil adhenng W the
roots. Fine roots of mature tees were traced by
diggmg, 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-alecohol) for estimation of AM  colomzation.
Root adhering or thizospherc soil of each individual
wias air doed at room  temperature, sieved, and
divided into two portions. One portion was used for
AMEF spore isolation, enumeration and identification,
and the other portion for determination of chemical
characteristics of soil.

Estimation of AMF colonization

Roots were ken oul from FAA, ansed with distilled
water, cleared in 10% KOH at 90°C, bleached in
alkaline H,0,, acidified with 1% HCI { Kommanik and
MeGraw 1982), and stained with 0.05% trypan blue
lacto-glycerol stain at 80-90°C (Phillips and Hayman
1970, The material was then destauned in lacto-
glycerl.

For estimation of AM colonization in the oot
systems, 30 pieces {in case of seedlings) to 60 pieces
ifor matwre trees) of l-cm fragments of roots with
diameter <2 mm were mounted on shdes (10 per
slide) in polyvinyl aleohol-lactoglycerol (PVLG).

Fig. 1 Map of the
Sundarbans showing study
arens. A—Manmathanagar,
B—Sajnekhali,
C—Sudhanyvakhali,
D—Dhanchi island,
E—Bhagwatpur and
F—Lothian island
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Tahle 1 Stwdy areas, their

geographic locations and Arens Location Mumber of sites studied
:":L”}:bjf:f sites shudied at Bhagwatpur 21°44'33" N & BE°18'29" E 1
Dhanchi (island} 21°36'M" N o 21°42'33" N 16
& BE"24'54" E 10 BR°28'30" E
Lothian (island) 2173250 N o 21°42'30¢ N 6
& RR"I8'10" E 1o BR"21'30" E
Manmat hanagar 227112 N & RRMRMMVE 1
Sajnekhali 229727 N & BRMY4R" E 1
Suodhanyakhali 227642 N & RRMA'46" E 2
Tahle 2 Plants associated with mycorrhizae, their habit and habitm at three tidal inundation tvpes
Family Species Abbreviation Hahbit Hahitat sites
Acanthaceae Acanthus iicifolins L. Al MWH I, 1L, I
Arecacens Phoenix palmdosa Roxh, P.p MT Il
Avicenniacens Avicennia alba BL Aa MT I 1L I
Avicennia maring (For.) Vierh. Am MT I I, I
Avicennia afficinalis L. Ao MT I, 1L, I
Euphorbisce ae Excoecaria agallocha L. E.a MT Il
Me linceae Xyvlocarus granatum Koenig. X MT Il
Xvlocarpus mekongensis Pierne. Xoam MT II
Myrsinee pe Aegiceras cornfoulation (L) Blanco Ac MT I I
Flumbaginacens Aegialitis rotundifolia Roxh, Ar MS I, 1
Poaceae Porteresia coarctata (Roxb.) Tak. P.c MAH I
Rhizophoracene Bruguiera gymnorrhiza (L) Lam, B.g MT I, 1
Bruguiena parviffors W, & A B.p MT I, 1
Cerfops decandra (Griff.) Ding Hou, Cd MT IL, I
Ceriaps fagal {Pers.) Robins Ci MT IL, I
Sterculiacene Hertiera fomes Buch, Ham. H.[ MT Il

MW H, Mangrove woody herb: MT, Mangrove ree; MAH, Mangrove associate herb: L sites inundated divrnally: 11 sites inundated
b usual springtides and I, sites inundated by only summer springtides. Species habita varies significantly with inundation tvpes

(P < 0.000)

Each root fragment was ranked under a compound
microscope for gquantification of infection (coloniza-
tion). Frequency of mycorrhizal colonization in the
roob system of an individual plant (F%) was estimated
by using the method of Trouvelot et al. (1986).

lsolation, enumeration and identfication
of AMF spores

Spores were extracted from 10 g of rhizospheric soil
in triplicate for individual plant by wetl-sieving and
decanting method of Gerdemann and Nicolson
(1963), followed by sucrose centrifugation method

of Daniels and Skipper (1982). The finest sieve used
wis 37 pm. The spores were collected on grid pattern
filter paper and washed with distilled water o spread
the spores evenly over the entire gnd. The spores
were counted wsing o dissecting microscope with
objectives of x40 magnification and =10 eye-piece.
Only intact and healthy spores were counted, and
each sporocarp was considered as one unil.

Spores were mounted on glass slides in PYVLG and
PVLG+Melzers reagent. Spore morphology and sub-
cellular - characters were  compared o the ype
descriptions of the species (Schenck and Perez 199()
and also o the culture database established by INVAM
(hip:finvam.cag. wvo.edu) for identification.
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Numbers and distribution of AMF spores

Spore density, frequency, relative abundance and
spore richness of AMF at the three specified inunda-
tion types were expressed as follows: spore density
(Sp) = number of AMF spores in 10 g of rhizo-
spheric  soil  in triplicate for  individual plant;
frequency (Fr) = (number of the samples in which
the genus or the species was observed! otal sam-
ples) x 100%; relative abundance (RA) = (number
of spores of a genus or a species/ total spores) x
100%; Spore richness = number of AMF species
(hased on spore momphology) in 10 g of rhieosphernic
sonl for individual plant

Determination of soil characters

Soil pH, salinity (Sal, calculated from electrical
conduvctivity ), available mitrogen (N), avalable phos-
phorus (Olsen P), organie carbon (OC), available
potassium  (K), sodiom  (Na), caleiom (Ca) and
magnesium (Mg) were measured according o Jack-
som (1973).

Statistical analyses

Chi-square test was performed afier cross tabulation
of the mangrove species versus inundation type Lo
check whether the species composiion vared sig-
nificantly with inundation or not. Two-way Analysis
of Vanance (ANOVA) was wsed w test whether
there were significant differences in spore density
and mycorrhizal frequency  between species and
mundation types. The data on soil parameters were
subjected to one-way ANOVA o udge whether the
variation i the parameters between the imundation
types were significant or not. Pearson’s comrelation
coefficients (r) were caleulated between spore den-
sity and spore richness and the soil parameters. ¥
test was also performed afler cross tabulation of the
AMF species (based on spore morphology) versus
mundation  type o check  whether the  species
composition varded significantly with  inundation
type or nol. Means and standard  emors were
estimated for the replicate values. For all the above
statistical analyses SPSS software version 11.0 was
used.
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Fig. 2 Mean of frequency of myoorthizal colonization in the
rool svstems (F%) of different plant species. Bars represent
standard errors

Results
Mycorrhizal colonization

Figure 2 represents the AMFE status of 15 man-
groves and one mangrove associate. All species
except Avicennia alba were colomzed by AME
The mean frequency of mycorrhizal colonization
(F%) ranged from 0.83% o 65.12%. The highest
Fis occur in Excoecaria agallocha (65.12%),
Heritiera fomes (61.16%) and Bruguiera gymno-
rhiza (5263%) and lowest in Porteresia coarctata
(0L.83%) and Avicennia maring (1.19%). Significant
differences in mycorrhizal frequency occur between
species, bul not between nundation levels; how-
ever,  significant
mycorrhizal frequency between species and inun-
dation types (Table 3).

interaction  was  observed  in

AMF spore density

The highest mean spore density (60.09) occurs in
the rthizosphere of Phoenix paludosa, followed by
Hevitiera  fomes (48.89) and Ceriops  decandra
(41.24), whereas the lowest spore density (2.92)
occurs  in Awvicennia  marina  (Fg. 3). Table 3
shows suatistically significant differences in spore
density among  rhizospheres  of  different  plant
species. However, inundation has no  significant
effect on spore density. The lowest spore densily
oceurs  in diumally  muondated  sites. Interaction
between host plant and inundation was significant
(Table 3).
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Table 3 Two-way ANOVA of mean spore density and mean frequency of mycorhizal colonization at the three inundation tvpes
with species, inundation and species * inundation as factors. All effects entered simultaneously

Parameter Inundation Factors F
Diurnal Usp Sap

Spr B.B5 (1.26) 2698 (5.55) 20012 (2.32) Species 2. 1974
Inundation 1.248 ns
Species * Inundation 226045

F% 17.73 (3.21) 31.37 (3.56) 10,83 (0.82) Species 6.020%=
Inundation LR ns
Species * Inundation f.5475%

Walues in parenthesis represent standard errors. Sp, mean spome density in 10 g of rhizospheric soil; and F%, mean frequency of
mycorthizal colonization in the root svstems in percentage. Divrnal, divrnally inundated sites: Usp, sites inundated by usual
springtides: and Ssp, sites inundated by only summer springtides. *% P < 001, ns = not significant
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Fig. 3 Mean of spore density (5p) of different plant species.
Bars represent standard errors

Genera and species of AMF

A total of 44 species representing 6 genera, including
10 species of Acawlospora, 2 of Entrophospora, 3 of
Gigaspora, 21 of Glomus, 2 of Sclerocystis and 6 of
Scutellospora, were isolated from the rthizosphere of
the plants from 27 sites of the Sundarbans. Twelve
forms of the 44 species isolated do not fit into the
known descriptions for AMF (Table 4). Out of the 44
species, 43 species occur i usually springtide inun-
dated sites, 21 in diumally inundated areas and only 7
i surmmer spingtides sites (Table 4). Acaulospora sp.
(1), Clomis coronatum, G, etunicatm and (. mosseae
occurmed at all the inundation ¢lasses (Table 4).

Relative abundance and frequency of AMF
Considering all the study sites together

The highest frequency (Fr) and relative abundance
(RA) of spores occur in the genus Glomus, and

second highest in Acanlospora, wheneas the lowest Fr
and RA oceur in Entrophospora (Fig. 4). Species
wise, the highest RA occurs in Glomus etunicatum
and . fisteloswm and lowest in Entrophospora sp.
(1), E sp. (2), Gigaspora decipiens, Glomus fascic-
wlatwm, G. viscosum and Scutellospora dipapillosa.
The highest frequency of spores occurs in (7. mosseae
and second highest m (. etunicatum (Fig. 5). A
delicata, A. lacunosa, A. sp. (3), (. etunicatum,
Scutellospora sp. (1) and Scw. sp. (2) register
intermediate frequency of spores.

Considering the mundation tvpes separately

(5. mosseae spores had the highest Froin all of the
three inundation sites but the highest RA of G
maosseae occured only in divmally inundated sites
iFigs. 6-8). On the other hand the highest RA of 6.
Justulosum and  Sclevocystis coremioides ocours in
wsual springtide (Fig. 70 and summer springtides
(Fig. 8) respectvely.

AMF spore nchness

The highest spore nchness (53.877) occurs o usual
springtide inundated sites, the lowest (0.666) in
summer springtide sites and intermediate (3.28)
diurnally mnundated sites. The mean spore richness 1s
3.27.

Soil parameters al the three inundation types

Table 5 illustrates some chemical parmmeters of soil

at  three  muondation  classes.  Usoal  spnngtide
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Table 4 Distribution of AMF species (based on spore mor-
phology) at the three inundation tvpes. Abbreviations as in
Table 3

AM Tungal species Iruindation

Diurnal Usp Ssp

. bireniculata Rothwell &Trappe +
- delicata Walker, Pleiffer & Bloss R
- foveata Trappe & Janos -
- lacunasa Morton

- mellea Spain & Schenck

1+ +

+ +
+ + + + + +

. serobicnlata Trappe
. spinesa Walker

- sp (L

. s (2)

Al spo(3)

E sp (1)

E sp (2)

i decipiens Hall & Abbon -
Ot margarita Becker & Hall -
i sp. +

Ol aggregatum Schenck & Smith emend. -
Koske

O albidum Walker & Rhodes -
Ol clarum Nicolson & Schenck -
Ol coromatum Giovannet i s
Gl ebumewm Kenn., Stutz & Morton -
Gl etunicatum Becker & Gerdemann IR

Ol forsefewdatom (Thaxter) Gerd. & Trappe —
emend. Koske & Walker

. fetalosam Skou, & Jakob, +
Gl geosporum (Nicol, & Genl.) Walker 4
Ol mtraradices Schenck & Smith -
Gl daetenm Rose & Trappe -
Gl dame floson Dalpé, Koske & Tews -
Gl mosseae (Nicol. & Gerd.) Gerd. & R
Trappe
Ol multicante Gerdemann & Bakshi R
Ol occultuom Walker -

o g e g g R

+ + + +

|
++ 4+ F++++++
|

FE 4+
+

FE 4+
I

Ol verruculosum Blaszk. -
Ol viseosum Nicolson -
oGl osp (1) +
Gl ospo (2) _
Gl osp 3) +
Gl osp 14 =
Scl. coremioides Berk. & Bmoome -
Sel sinuosa Gerd. & Bakshi E

+ + o+
[

Table 4 continued

AM Tungal species Inundation

Diurnal Usp Ssp

Sew. calospora (Nicol. & Gend.) 4 + =
Walker & Sandems

Sew. dipapillosa (Walker & Koske) - + =
Walker & Sandems

Sew. pellucida (Nicol. & Gerd.) - + =
Walker & Sandems

Sew. persica (Koske & Walker) - + =
Walker & Sandems

Scu. sp. (1) 1 + =

Scu. sp. (2) 4 + =

Toal species 21 43 7

Species distribution varies significantly with inundation tvpes
(P = 0.001})

mundated sites had the lowest concentrations of Sal,
P, K, Na and Mg; summer springlide inundated sites
exhibited highest concentrations of Sal, OC, N, Na, K
and Mg. P and N did not differ significantly between
the mundation types. P owas highest and N lowest in
the soils of the diumally inundated sites (Table 3).
The cationic analysis of the soil indicated that Na, Ca,
Mg and K ions dominated as soil salinity increased.

Correlation analysis

Table 6 represents the correlation of spore density,
mycorrhizal frequency and spore dchness with soil
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AMF genera (based on spore morphology)

Fig. 4 Relative abundance and frequency of AMF genera
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AMF species (based on spore morphology)

Fig. 6 Relative abundance and frequency of AMF species at
the dinrnally inundated sites

parameters. Soil salinity is negatively comelated
(P = 001) with mycorrhizal frequency and spore
richness, and available phosphorus is negatively
correlated (P < 0.01) with spore richness.

Discussion

Root hairs are generally absent or are small and
poody developed on mangrove mots (Tomlinson

these were both high in case of Heritiera fomes and
quite low in the rhizospheres of Avicennia maring
and Porteresia coarctata.

This study also indicates that the number of spores
did not decrease significantly with increasing soil
salinity. These findings are in conformity with
Aliasgharzadeh et 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) are of the opinion that
sporulation of AMF is stimulated under sali-stress
conditions. This may again cause accumulation of
spores in saline soil. The occurrence of relatively low
spore numbers (mean of 19 per 10 g soil) in our study
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Fig. 7 Relative abundance
and frequency of AMF
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AMF species (based on spore morphology)
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Ar [ ] Lo Soil parameters  Inundation F
=1 E:’. Las Diurnal  Usp Ssp
F o __ 1% n pH BRI BO3 b 757 a 15.265%
;’ 723 = (0.0} (0.03) (0.0
E f5; Lag™ Sal 15622 992k  2167¢  B7.16%®
p / | 040)  (040)  (139)
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sl " (005} (D06} (0.08)
B M 29219 31086 33703 1.54 ns
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AMF species (based on spore morphology) Na 2726a 2197b  4053c 2087
Fig. 8 Relative abundance and frequency of AMF species at (0.99) (0.34) (3.38)
the summer springlide inundated sites Ca 19584 1379b  I1238b  15.09%®
(1.02) (0.73) (0.99)
supports some studies of saline soils where low spore Mg 1058 b 999 b 14992  R6R*®
numbers were reported (Bamow et al. 1997; Himrel {0.51) {0.55} (LI}

el al. 1978; Kim and Weber 1985), but our resulls
contrast with the reports of spore density of soils of
Tabriz Plain where relatively high spore numbers
{mean of 100 per 10 g soil) were recorded.
Although Avicennia alba showed no mycorrhizal
colonization, we cannol designale it as a non-
mycorrhizal species because the mean salinity of

Sal-salinity (ppt, parts per thousand )y, OC, Organic carbon (5):
M, available nitrogen (mgfkg) P-available phosphorus (mgf
kg K, Na, Ca and Mg exchangeable potrssium, sodiom,
calcium and magnesium (meq/100g) respectively. Values in
parentheses represent standard errors. The digits followed by
same letler are not significantly different according 1o LSD.
FP005 FF P =001, ns =no significant. Other
abhreviations as in Table 3
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Table 6 Pearson’s correlation coefficient (r) values between
frequency of mycorrhizal colonization, AMF spore density and
spore richness with different soil parameters

Soil Frequency of Spore Spore
properties mycorthizal density richness
colonization
pH LRI LL ~0.057 ~ .02
Sal —.2(/* ~0. 134 —.392%
oC 0.003 0.097 {026
N 0134 0.093 0147
P -0.051 L ~{.308%
=008 0018 ~0. 130
MNa ~(1L083 —0.055 ~0.197
Ca ~(.074 -0 110 ~0. 147
Mg LT 0114 (.02

Abbreviations as in Table 5. *= P < 0.01

our study sites was 17.29 ppt and a previous report
stated that it 15 mycorthizal at sites having salimity
less than 15 ppt (Sengupta and Chaudhun 2002). This
may serve as an evidence to show that, at high salt
concentrations, mycorrhiza formation of even the
mycolrophic plants may be adversely affecied (as
opined by Juniper and Abbott 1993). This study
shows that mycorrhizal colonization n the mot
systems and spore density in the fuzosphenc soils
are more dependent on host plant species than on
tidal inundation.

The mycorthizal frequency and spore density
decreased with mcrease in available soil phosphorus.
This supports the general conclusion of Anderson
(1992 that more 15 the amount of available P i the
soil more is the inhibition of root colonization and
spore number in the rhizosphere. Spore nchness was
not only influenced by soil salinity, but also by
available phosphorus.

The mangrove species distribution significantly
varied with tdal inundation type, again imundation
levels had significant effect on most of the measured
soil parameters. This is in conformity with the view
that local pattems of tdal inundation influence soil
characteristics that control plant species distribution
i mangrove wetlands (Tomlinson 1986).

In the mangrove soils udal mundation causes
submergence, thereby influencing soil saturation and
hence redox potential (Tomlinson 1986). The present
study shows that spore density 15 keast in diomally
mundated sites: this could be due o more anoxic

microenvironment and more negative redox poten-
tials ranging from —100 mV o —400 mV (Mitsch
and Grosslink 1993). Both these factors are known Lo
decrease AM spore density (Khan 1993). Under-
eround water table of the Sundarbans is shallow and
enriched with high salt contents (Naskar and Guha
Bakshi 1987). Dunng the dry season, salt molecules
move along with water to the surface soil. As the
waler in the soil evaporates the salt molecules are left
on the surface soil (Yadav et al. 1981). Since the
summer spangtide mundated sites meceive the least
number and lowest duration of tides, mean salinity as
well as the concentrations of Na, K oand Mg show
highest valoes. Quite high salimity and high concen-
trations of the estimated cations might suggest that
though in the divmally inundated sites water runs n
opposite directions bwice a day (Naskar and Guha
Bakshi 1987), yet the leaching of the salt molecules
are not much for these sites. Soil parmmeters of siles
mundated by wsoal springtides apparently seem o be
most favourable for AMF spore density, richness and
mycorrhizal colonization.

In contrast to the assumption that the gencera
Acawlospora  and  Scutellospora are  particularly
diverse in the tropics (Walker 1992; Allen et al
19935), the present study indicates a predominance of
Crlomus over other gener. Similar observations have
been made in the tropics by Ragupathy and Mahad-
evan (19933, Thapar and Khan  (1985)  and
Muthukumar and Udaiyan (20007 Two  possible
reasons for the predominance of Glomus are, firstly,
that Acanfospora species are oflen associated with
acidic soils (Morton 1986; Abbott and Robson 194913,
whereas the soils examined at the Sundarbans were
neutral o sightly alkaline. Clomuns species are known
Lo be more common in neutral and slightly alkaline
soils (Mukerji et al. 2002). Secondly, Gigaspora
species predominate in soils with high sand content,
especially dunes (Day et al. 19587; Lee and Koske
1994y Scwtellospora 15 ancestral W Gigaspora
(Walker 1992) and probably prefers similar sandy
soils. The soil of the Sundarbans of West Bengal was
less sandy (Naskar and Guha Bakshi 1987) than those
examined by most of the authors cited above.

Sites mundated by vsoal spnngtides support the
existence of 43 AMF species out of the 44 species so
far recorded in our study. One major reason could be
that the soil microenvironment is more favourable for
the growth of AMF than those of the diumally and
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summer springtide mundated areas. The mean spore
richness obtained in our results is higher than those of
some saline racts and salt marshes, explored by some
researchers (Barrow et al. 1997; Carvalho et al. 2001,
Wang et al. 2004). Mycorrhizal colonization 15
redoced with increase o salinity, but plant growth
15 stll improved by the symbiosis as compared with
non-mycorthizal plants growing under similar condi-
tons (Gupta and Krishnamuorthy 19965, This swdy
mndicates that spore richness and composion are
influenced by tidal inundation.

Though Glomus  mosseae and G, etunicatum
occurred as the two most frequent species [as observed
by Aliasghareadeh et al. (2001) in the soils of the
Tabriz Plain of Iran] and €7 fistuloswm the most
abundant species of AMF in the Sundarban soils, yet
these species might not be the main root colonizers of
the mangroves. Moreover, the possibility that these
species of Gilomus can improve tolerance of mangroves
to salt stress should be tested to select useful isolates.

It appears that spore richness and composition of
AMEF is more influenced by tidal inundation than AM
colonization in the roots or spore density in the
rhizospheres.

Much of the data presented in our work elucidates
patterns of spore distribution and their identification
based on mormphological parameters. Despite the
constraints of molecular approaches, we hope o
employ such technigues for AMF identification in the
near future (at least for the spores whose specific
identification could not be established on the grounds
of  spore  morphology  and  their  subeellular
characteristics).
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