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Abstract 

Cellulose decomposition in the tropical mangrove plant community’s 

India was estimated by Carboxymethyl Cellulose (CMC) and crude cellulose degradation assay and the cellulolytic fungi 

from rhizosphere soils mangrove plants were enumerated and identified. Crude cellulo

of respiratory loss of cellulose carbon revealed moderate to high activity. Among seven high decomposer isolates 

Trichoderma koningii showed exceptionally high crude cellulolytic (C1) ability. Although Penicillium funi

Aspergillus flavus and A. versicolor had comparatively low activity for crude cellulose decomposition, they had shown a 

higher cellulose utilization efficiency. Cellulolytic activity of fungi appeared to be negatively correlated with increasing 

concentrations of salinity of the medium. 

successional stages were cellulose decomposers. The isolates vary for their decomposing abilities.
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Introduction 

Inter-tidal estuarine salt marsh “mangrove” ecosystems of the 

tropics and subtropics are detritus based where primary 

productivity is contributed mainly by the vascular plants. 

Mangrove plants are very productive in nature although they are 

fragile and sparsely distributed
1
. As the primary producer of 

organic matter, the diverse community of mangrove vegetation 

provides the base for a large and complete food 

higher presence of carbon and other nutrients, the ecosystem 

help to build a microbial community of larger size and they 

perform major roles for major exchange within the ecosystem

 

The plant biomass entering the aquatic environment of the

marshes is composed primarily of plant structural polymers, 

principally lignocelluloses
5
. Lignocellulose is a complex matrix 

composed of lignin, cellulose and hemicelluloses

Microorganisms are the primary degraders of lignocelluloses 

and they link primary and secondary production in the food 

webs of the aquatic ecosystems which are specifically detritus 

based
7
. In general, the lignin component of plant detritus is 

recalcitrant to microbial degradation and is often linked to 

cellulolysis at the initial stages
8
. Fungi with their ability to 

permeate the plant tissue at various depths and levels perform 

vital function in lysis of cellulose to open up the lignin 

component for further degradation
9,10

. 

 

Despite the importance, knowledge about microbial dive

especially the function of microfungi in tropical mangrove’s 

nutrient cycles is deemed to be inadequate
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of respiratory loss of cellulose carbon revealed moderate to high activity. Among seven high decomposer isolates 

Trichoderma koningii showed exceptionally high crude cellulolytic (C1) ability. Although Penicillium funi

Aspergillus flavus and A. versicolor had comparatively low activity for crude cellulose decomposition, they had shown a 
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 A significant high proportion of the total population of fungi of the soils of the 

successional stages were cellulose decomposers. The isolates vary for their decomposing abilities. 
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tidal estuarine salt marsh “mangrove” ecosystems of the 

tropics and subtropics are detritus based where primary 

the vascular plants. 

Mangrove plants are very productive in nature although they are 

. As the primary producer of 

organic matter, the diverse community of mangrove vegetation 

provides the base for a large and complete food web
2
. Due to 

higher presence of carbon and other nutrients, the ecosystem 

help to build a microbial community of larger size and they 

perform major roles for major exchange within the ecosystem
3,4

. 

The plant biomass entering the aquatic environment of the salt 

marshes is composed primarily of plant structural polymers, 

. Lignocellulose is a complex matrix 

composed of lignin, cellulose and hemicelluloses
6
. 

Microorganisms are the primary degraders of lignocelluloses 

primary and secondary production in the food 

webs of the aquatic ecosystems which are specifically detritus 

. In general, the lignin component of plant detritus is 

recalcitrant to microbial degradation and is often linked to 

. Fungi with their ability to 

permeate the plant tissue at various depths and levels perform 

vital function in lysis of cellulose to open up the lignin 

Despite the importance, knowledge about microbial diversity, 

especially the function of microfungi in tropical mangrove’s 

nutrient cycles is deemed to be inadequate
11,12

. The present 

study examines the structure and composition of cellulolytic 

microfungi as are obtained in the soils of physico

different stages of eco-succession of mangrove plants in Indian 

area of Sundarban mangrove ecosystem. This study will form a 

holistic assessment of the role of microfungi in biogeochemical 

cycling of carbon and other nutrients in the soils of an estuarine 

mangrove ecosystem. 

 

Materials and methods 

Area studied and collection of sample: 

mass’s terminal part formed by the river Ganges in India near its 

confluence with Bay of Bengal (20

is called Sundarban. Sundarban 

composition of estuarine mangroves which belongs to the ‘Old 

World Mangroves’ of Indian sub

physiographic characters and floral diversity, four distinct 

successional stages of vegetation development is eviden

estuarine land mass of Sundarban i.

mangrove swamps, ii. Diurnally inundated developed mangrove 

swamps, iii. Declining mangroves and mangrove associates on 

the occasionally inundated ridges and upstream levees of the 

rivers and creeks, and iv. Declined mangroves and mangrove 

associates on embankment-protected rarely inundated highlands 

now dominated with introduced salinity tolerant non

agricultural and forestry plants
14

. 

 

Soils from required sites were collected

low tide conditions for inundated islands during spring 

(February- April) from selected locations above a 10Km

________________________________ ISSN 2319–1414 

Int. Res. J. Environmental Sci. 

    17 

Ecology of cellulose decomposition by microfungi in the rhizosphere of 

angrove plant community at the Ganges River Estuary in India 
Chaudhuri

2 

8 

successional stages at the estuary of Ganges river in 

India was estimated by Carboxymethyl Cellulose (CMC) and crude cellulose degradation assay and the cellulolytic fungi 

se degradative ability by measurement 

of respiratory loss of cellulose carbon revealed moderate to high activity. Among seven high decomposer isolates 
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A significant high proportion of the total population of fungi of the soils of the 

 

study examines the structure and composition of cellulolytic 

microfungi as are obtained in the soils of physico-chemically 

succession of mangrove plants in Indian 

area of Sundarban mangrove ecosystem. This study will form a 

holistic assessment of the role of microfungi in biogeochemical 

cycling of carbon and other nutrients in the soils of an estuarine 

Area studied and collection of sample: The Deltaic land 

mass’s terminal part formed by the river Ganges in India near its 

confluence with Bay of Bengal (20
0
31-22

0
30N, 80

0
10-89

0
51E) 

 is dominated by a rich 

composition of estuarine mangroves which belongs to the ‘Old 

World Mangroves’ of Indian sub-group
13

. Depending upon 

physiographic characters and floral diversity, four distinct 

successional stages of vegetation development is evident in the 

i. Wholly inundated formative 

Diurnally inundated developed mangrove 

Declining mangroves and mangrove associates on 

the occasionally inundated ridges and upstream levees of the 

Declined mangroves and mangrove 

protected rarely inundated highlands 

now dominated with introduced salinity tolerant non-mangrove 

Soils from required sites were collected from 0-12cm during 

low tide conditions for inundated islands during spring 

April) from selected locations above a 10Km
2 

zone 
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of the riverine delta. From the soil samples of different locations 

five representatives were collected and combined for analysis. 

The soil samples were collected from rhizospheric zone of the 

thick stands of single or mixed vegetation of mangroves and 

other plants from the root zone and were generally considered to 

represent the rhizosphere soil. Soils were air dried, sieved and 

then used for physico-chemical and microbial analysis. 

 

Analytical procedures: Standard methods of soil analyses were 

applied to analyse the common physico-chemical characters of 

rhizospheric soil sample which were collected from the 

estuarine sediment’s (1-15cm) surface layer. The incubation 

temperature for fungi was 28±1
0
C. 

 

The cellulose decomposing fungi were isolated and enumerated 

in selective media (18). Inoculated petridishes were incubated at 

28±1
0
C for 10 days. 

 

Results and discussion 

Physico-chemical analysis of soil (Table-1) revealed that soils 

are saline, presence of vital plant nutrients specifically nitrogen 

and phosphorous were one of the major stress factor for 

Sundarban plants. All the stages had moderate organic matter 

contents (except for Stage-I formative swamp), as its features of 

tropical alluvial soil under plant cover. Stage-I showed total and 

NO3 nitrogen concentration at lowest level and increased level 

with the stages of physiographic succession of the plant 

community. Concentration of exchangeable NH4 were also very 

low to moderate, being lowest in the stage-IV soil. Total 

phosphorus were relatively high, having an inverse relationship 

with the stages of succession compared to that of available 

phosphorus. 

 

Based on growth on and clearing of cellulose medium, 

presumptive cellulose decomposers were identified. Presence of 

a population of active cellulose decomposing fungi in the 

successional stage soils was recorded (Table-2). Except for the 

mangrove swamps of stages I and II, the difference between the 

soil samples for decomposer population was mostly significant. 

Proportionally, the percent fraction of total fungi showing 

presumptive cellulose decomposing ability seemed to be quite 

high for all the soils (Figure-1). The variation between the soils 

for the decomposer population was of the same order and 

magnitude as seen for the total population of fungi. The least 

saline stage-IV soil had the highest total population of 

decomposers and the highly saline, formative swamp had the 

lowest population. 

 

Proportion of cellulose decomposers to total population was 

significantly higher for fungi in the late successional stages 

(Stages I and II). The relationship was reverse in the early 

successional stages (Stages III and IV). The population 

proportion of cellulose decomposers to total showed a stagewise 

increase from successional Stage-I to Stage-IV. The 

presumptive cellulose decomposer population of fungi were 

isolated and identified after confirmation of their cellulolytic 

ability. There were sixteen isolates of fungi with evidenced 

cellulolytic ability as judged from their positive growth on 

complex cellulose source (Table-3). 
 

Distribution data of various species of cellulolytic fungi in these 

soils revealed greater species diversity in the Stage-IV 

reclaimed soil than in Stage-I swamp soil (Figure-1). There was 

a decrease in the number of species of cellulolytic fungi, from 

Stage-IV to Stage-I soil with an apparent inverse relationship of 

species diversity to salinity levels of the soils. For the 

component of cellulolytic fungi of these soils, the population 

fraction of high decomposers showed a declining trend from 

Stage-IV to Stage-I soils with simultaneous increase in low to 

moderate decomposer population. 
 

Salinity tolerance of representative cellulose decomposing 

fungal species was studied by growing the isolates in presence 

of varying concentrations of NaCl in vitro. All the isolates 

showed adaptive halophily, as there was stimulation of growth 

in presence of low concentrations of NaCl in the medium. 
 

Salinity tolerance of eight selected cellulose decomposing fungi 

was compared in basal (sugar) and cellulose medium (Figure-2). 

Except for the two high decomposing species, Scopulariopsis 

brevicaulis and Trichoderma koningii, tolerance limit was lower 

in cellulose medium than in sugar medium. The two mentioned 

species showed a higher tolerance limit in cellulose medium. 

Cellulose decomposing ability and salinity tolerance of these 

isolates were apparently not related. The species isolates of the 

high saline, swampy successional stages were in general more 

halotolerant. 

 

The decomposer species of fungi differed among themselves for 

their presumptive cellulose decomposing ability. Eight species 

of fungi were compared for their cellulolytic ability in vitro. 

Effect of increasing concentrations of salinity on cellulolysis 

showed inherent differences among the isolates in their 

cellulolytic efficiency as affected by salinity stress were 

expected to be found out from these studies. 

 

The eight species of fungi varied with respect to their cellulose 

utilization efficiency (Figure-3). All the species studied, were 

able to degradatively utilize both low molecular weight 

modified cellulose and native crystalline cellulose. On a 

comparative basis Aspergillus niger and Penicillium 

funiculosum appeared to utilize soluble cellulose more 

efficiently than others. Trichoderma koningii, Scopulariopsis 

brevicaulis, Aspergillus terreus and Penicillium citrinum were 

moderately efficient. Aspergillus versicolor and A. flavus were 

inefficient utilizers of soluble cellulose as compared to others. 

These two species and Penicillium funiculosum, however were 

the most efficient utilizers of insoluble cellulose. Aspergillus 

niger and A.terreus were moderate utilizers and the rest are 

comparatively poor utilizers of insoluble cellulose. Although, 

the index for utilization efficiency determination for soluble and 

insoluble celluloses were not based on the same scale, it 
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appeared that the ability for utilization of these two sources of 

cellulose by any species of fungi was not the same. For 

Aspergillus versicolor, A. flavus, A. terreus and Penicillium 

citrinum utilization of insoluble cellulose was decidedly more 

than that of the soluble source. For the remaining species, 

utilization efficiency for the two sources was comparable. 

 

Estimation of crude cellulose degradative ability by 

measurement of respiratory loss of cellulose carbon by these 

fungi (Figure-4) indicated differences among the isolates. 

Trichoderma koningii showed exceptionally high crude 

cellulolytic (C1) ability. Scopulariopsis brevicaulis, Aspergillus 

niger, A. terreus and Penicillium citrinum also had a high 

activity for crude cellulose decomposition. Penicillium 

funiculosum, Aspergillus flavus and A. versicolor had 

comparatively low activity for crude cellulose decomposition. 

Incidently these three species has shown a higher cellulose 

utilization efficiency as judged by dry matter production from 

unit amount of cellulose carbon. It appeared from the data that 

there was, in general, an inverse relationship between crude 

cellulose utilization efficiency (dry matter conversion per unit 

amount of cellulose breakdown) and cellulose breakdown 

activity (cellulose weight loss per unit amount of dry matter 

production). This reflected that the most efficient cellulose 

degraders required lesser amount of cellulosic carbon for the 

unit amount of dry matter production and from that point of 

view, Trichoderma konigii, Scopulariopsis brevicaulis, 

Aspergillus terreus, Penicillium citrinum appeared to be highly 

efficient cellulose degraders present in the soils of the 

ecosystem. 

 

Effect of salinity on cellulolytic activity-utilization (dry matter 

production) and degradation (cellulose weight loss) of these 

decomposer species showed that, all the fungi responded 

similarly to increasing concentrations of salinity where activity 

appeared to be negatively correlated with concentrations of 

sodium chloride in the medium. There were minor differences 

among the fungi in the rate of fall in activity with increasing 

salinity concentrations. Cellulolysis by Aspergillus versicolor, 

A. terreus and A. flavus showed greater tolerance to salinity than 

all other fungi. Effect of NaCl concentrations of cellulose 

utilization by these fungi, although comparable, was not similar 

to the effect on cellulose degradation. For most species, the fall 

in activity was more gradual, as were reflected by the slope of 

the dose response curves. The response pattern of utilization and 

degradation of cellulose to salinity of Trichoderma koningii and 

Scopulariopsis brevicaulis, the two efficient cellulolytic fungi 

were comparable, and they showed least tolerance for both the 

activities. Between these two species Trichoderma koningii 

showed lesser tolerance for utilization than Scopulariopsis 

brevicaulis. Cellulose utilization by Aspergillus flavus, A. niger 

and Penicillium responded in a comparable manner, to 

increasing salinity concentrations, with grossly sigmoidal dose 

response relationships. The remaining three species, Aspergillus 

versicolor, A. terreus and Penicillium funiculosum responded by 

increased activity at low dosages (1-3%) of NaCl but thereafter 

the rate of declining was comparable to that of the two least 

tolerant fungi, Trichoderma koningii and Scopulariopsis 

brevicaulis. Cellulolysis caused by the more efficient fungi was 

more sensitive to salinity than less efficient ones. 

 

Conclusion 

Soils of all the stages were characteristically saline. Stage I and 

stage II soils representing formative and developed mangroves 

respectively were more saline than the stage III and stage IV 

soils representing declining mangrove habitats and reclaimed 

lands respectively. The soils were basically silty clay loam 

accept of stage I which was sandy – loam in character. The 

organic matter status of these soils was high and varied in an 

ascending relationship with stages of succession. In spite of very 

high content of organic matter, the successional stage soils were 

very poor for their total nitrogen and available phosphorous. 

The relationship stage of soil formations and plant succession 

with availability of these nutrients was exactly revers. The total 

Phosphorous status of these soils was reasonably high and 

directly increased with stage of succession. 

 

A significantly high proportion of total populations of fungi of 

the soils of the successional stages were cellulose decomposers. 

Proportional population of cellulose decomposers to total 

population was lower in early successional stages compare to 

late stage. 

 

Sixteen species of Fungi were isolated as cellulose decomposers 

from these soils. The isolates varied for their decomposing 

abilities. Distribution pattern of these isolates and their response 

to salinity was grossly similar to that of found for micro flora in 

general. The early successional swampy stages were dominated 

by fungal decomposer spices isolates which were more tolerant 

to salinity. An ecological separation of the micro flora 

population for contributions to cellulose decomposition in the 

successional stages, depending upon the salinity, inundation and 

organic matter concentration was revealed from the results. 
 

The species of cellulose decomposing fungi obtained from these 

soils were similar to those of other terrestrial ecosystems and 

those reported earlier from saline marshes also. Several spices 

of Aspergillus showed high to moderate cellulolytic efficiency. 

These species isolates varied in their efficiency for crude 

cellulose breakdown and utilization, which was not directly 

related. While some species of fungi efficiently degraded 

cellulose without accumulating proportionally equivalent 

amounts of carbon in cell matter, others accumulated more 

carbon per unit of cellulose degradation. 
 

Cellulolytic activity of fungi appeared to be negatively 

correlated with increasing concentrations of salinity in the 

medium. There were minor differences among the fungi in the 

rate of fall in activity with increasing salinity. Aspergillus 

versicolor, A.terreus and A.flavus, the decomposers species 

dominating in the swamps, showed greater tolerance to salinity 

than others. 
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Table-1: Physico-chemical analysis of root-zone soils of eco-successional stages of Sundarban. 

Successional 

stage 
pH 

Salinity index 

(EC) ds m
-1 

Organic 

matter (g/kg) 

Total N 

(g/kg) 

NO3 - N 

(mg/kg) 
NH4-N 
(mg/kg) 

Phosphorus (mg/kg) 
Exchangeable 

K (mg/100g) 
Total Available 

Stage I 8.0 16.0 4.60 0.9 108 21 240.8 11.24 1.74 

Stage II 7.8 14.5 14.27 1.0 324 28 278.3 22.11 1.98 

Stage III 7.4 4.5 8.77 1.5 509 36 336.8 10.87 1.45 

Stage IV 7.2 2.5 12.93 1.7 606 43 402.7 8.34 0.92 

 
Table-2: Total population of fungi and cellulolytic fungi along with proportional to total population in root-zone soils of the 

successional stages of mangrove and other plants of Sundarban. 

Soils studied 

Populations count g
-1 

dry soil 

Percent of total population 

Total populations X 10
4 
(+ SD) Cellulolytic fungi X 10

4 
(+ SD) 

Stage-I 1.53 + 0.33 0.22 + 0.11 14.38 

Stage-II 2.23 + 0.45 0.43 + 0.13 19.28 

Stage-III 35.97 + 3.91 10.07 + 1.52 27.99 

Stage-IV(a) 42.53 + 4.46 11.61 + 1.86 27.30 

Stage-IV (b) 49.22 + 5.98 19.36 + 1.98 39.33 

SEm+ 1.87 0.55 - 

CD at % 7.70 2.01 - 

 

Table-3: List of cellulose decomposing fungi isolated from root-zone soils of the successional stages of mangrove and other plants 

of Sundarban. 

Aspergillus sp.(7): A.flavipes (Bain and Sart) Thom and Church, A. flavus Link., A. niger Van Tieghem, A. oryzae (Ahlberg) 

Cohn, A. terreus Thom., A. versicolor (Vuill) Tiraboschi, A. wentii Wehmer. 

Penicillium sp.(2): Penicillium citrinum Thom., P. funiculosum Thom. 

Scopulariopsis sp. (2):S. acremonium (Delacr) Vuill, S. brevicaulis (Sacc.) Babin 

Trichoderma sp. (2): T. harzianum Rifai, T. koningii Dudem. 

Others (3): Sporotrichum sp., sterile white mycelial isolate, Non- sporulating dematiaceous isolate. 
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Figure-1: Species composition of cellulose decomposing fungi in root-zone soils of the successional stages of mangrove and other 

plants of Sundarban. 
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Figure-2: Halotolerance of isolated cellulose decomposing fungi isolated from the ecosucessional stages. 

 

 
Figure-3: Comparative Cellulose utilisation activity of selected decomposer fungi. 
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Figure-4: Cellulose degradation activity (in crude cellulose) of selected decomposer fungi.
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