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Abstract

The present study focused on the distribution of bacteria at three different depths of soil column at
three different sampling stations. Total heterotrophic bacteria population revealed that bacterial count
decreased from upper zone to lower zone. Percentage composition of gram negative bacteria (70%) was
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abundant than gram positive forms. The overall generic composition revealed that Micrococcus sp. and
Acinetobacter sp. (13% each) were the dominant genera. Enzyme production of bacteria revealed that
phosphatase producers were comparatively higher than other studied enzymes at three different depths.
Hence it could be inferred that Ayiramthengu mangrove ecosystem harbours diverse novel bacterial

composition that differs along various depth of soil column that have the ability in enzyme production.
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Introduction

Mangroves are unique ecosystem adapted to saline
coastal soil. Mangroves comprise a substantial portion
of tropical coastal biodiversity that occupy less than 1%
of the world’s surface and are mostly found between the
Tropic of Cancer and the Tropic of Capricorn. Mangrove
ecosystems have high habitat heterogeneity as they are
in the ecotones of land-sea-estuary (Chen et al., 2016).

Microorganisms have fundamental role in
mangrove environment, with special importance
in controlling geochemical habitat (Holguin et al.,
2001). The productivity, conservation and recovery of
mangroves maintained by the diversity and activity of
microbes (Alongi, 1996). Bacteria have a pivotal role
in carbon, nitrogen, sulphur and phosphorous cycles
within the mangrove (Rojas et al., 2001). Several groups
of bacteria were present in mangrove performing
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various activities like nitrogen fixation, phosphate
solubilisation, photosynthesis, cellulose degradation,
sulphur oxidization and methanogenesis (Thatoi et al.,
2013).

It has been found that mangrove ecosystems are
a possible source for discovering a variety of bacterial
species that generate enzymes, proteins, antibiotics, and
contain genes for salt tolerance. Most of these bacterial
species have the potential to be used in the future.
Because of their enormous capacity for production, low
cost of use, and ease of genetic modification, bacteria
are crucial for the manufacture of enzymes (Thatoi et
al., 2013). Therefore, the present study deals with the
isolation of bacteria and its enzyme production from
three depths of soil from Ayiramthengu mangrove
ecosystem, Kerala, India.
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Materials and Methods
Study Area

Ayiramthengu mangrove ecosystem (lat. 9° 07’ 30”-
9° 07’ 40" N and long. 76° 28’ 40™- 76° 28’ 50" E) was
the study area, which was divided into three sampling
stations. Station 1 lies close to the land area; Station 2
situated in the middle of the mangrove and Station 3
was the area adjoining the estuary.

Sampling

Soil samples (1gm) were collected aseptically from
three sampling stations at three different depths
namely, upper zone (0-5 cm), middle zone (5-10 cm) and
lower zone (10-15 cm) using a pipe core sampler (2 cm
diameter). Samples (1gm) were transferred into sterile
labelled containers with 25% v/v of glycerol prepared in
sterile 50% sea water and were immediately transported
in an ice box. Samples were immediately taken to the
laboratory for the further analysis.

Cultivation and enumeration of Bacteria

The samples were serially diluted in sterile sea
water and plated on to ZoBell marine agar (Hi Media,
India) using standard plate count method. Then
incubated at 28 + 2°C for 48-72 hours to estimate the
Total Heterotrophic Bacteria (THB) present in the
sample. The colonies were counted and expressed in
colony forming units per gm weight of sample.

CFU/g = Number of colonies counted x (1/dilution
factor) x (1/volume plated(ml))

Isolation and purification of heterotrophic
bacteria

The individual bacterial colony were isolated and
purified for the study. The individual bacterial colonies
that developed were isolated and purified. The purified
isolates were identified up to generic level based on cell

morphology and biochemical reactions as per Bergey’s
Manual of Determinative Bacteriology (Holt et al., 2000).

Enzyme Production

The isolates which were fast growing, and which
could produce at least one of the four evaluated enzymes
were chosen. All the pure isolates were tested for
various enzymes like phosphatase, lipase, cellulase and
amylase. Phosphatase enzyme production was carried
out by the method of Baird-Parker (1966). The plate
assay for lipase enzyme production was carried out by
following Sierra (1957). Cellulase enzyme production
was screened according to the method of Hankin and
Anagnostakis (1977). Amylase enzyme production was
done using plate assay method following Mac Faddin
(1980).

Statistical Analysis

Statistical calculations were done for Total
Heterotrophic Bacteria (THB) at various depths using
Anova and Post- Hoc test by SPSS software.

Result

Soil sample was studied at three various depths
(upper, middle and lower) along three different sampling
stations. The result revealed that THB count showed a
decreasing trend from upper layer to the lower layer.
One-way ANOVA result revealed that the three layers
showed a significant difference in bacterial density (p
< 0.05) (Table 1) and the post hoc analysis showed that
a significant difference was found between upper and
lower layers and also between upper and middle layer
(p < 0.05) but not significant between middle and lower
layer (p > 0.05) (Table 2).

During the study, Gram-negative bacteria (GN)
were relatively abundant, being grouped under 19 genera
(70%), while Gram positive bacteria (GP) contributed
only 8 genera (30%).

Table 1 One-way ANOVA for soil heterotrophic bacteria at various depths

ANOVA
Total Heterotrophic Bacteria
Sum of Squares df Mean Square F Sig.
Between Groups 101.630 2 50.815 14.089 .000
Within Groups 378.694 105 3.607
Total 480.324 107
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Table 2 Post hoc analysis for soil heterotrophic bacteria at various depths

Multiple Comparisons

Dependent Variable: Total Heterotrophic Bacteria
Tukey HSD

) ) 95% Confidence Interval
(I) Element J) Element Mean Difference (I-J) ~ Std. Error Sig.
Lower Bound Upper Bound
) Soil Middle 1.5556" 4476 002 491 2.620

Soil Upper

Soil Lower 2.333%" 4476 000 1.269 3.398

Soil Upper -1.5556 4476 .002 -2.620 -491
Soil Middle

Soil Lower T778 4476 196 -286 1.842

Soil Upper -2.3333° 4476 .000 -3.398 -1.269
Soil Lower o

Soil Middle -1778 4476 196 -1.842 .286

*, The mean difference is significant at the 0.05 level.

The overall percentage dominance of soil hetero-
trophic bacteria isolated during study was presented in
Fig. 1. The result showed that Micrococcus sp. and Acine-
tobacter sp. (13% each) was the dominant genera. This
was followed by Bacillus sp. (9%), Pseudomonas sp. (7%),
Acetobacter sp. (6%), Moraxella sp., Beijernckia sp. and Al-
caligenes sp. (5% each), Alteromonas sp. (4%), Staphylo-
coccus sp., Xanthomonas sp., Vibrio sp., Rhizobacter sp.,
Deinococcus sp. and Planococcus sp. (3% each), Strepto-
coccus sp., Flavobacterium sp., Klebsiella sp., Derxia sp.
and Proteus sp. (2%), Arthrobacter sp., Escherichia sp.,
Salmonella sp., Citrobacter sp. and Enterococcus sp. (1%
each).

About 37% of isolates were isolated from the upper
region followed by lower region (32%) and middle region
(31%) for enzyme production study. The isolates from
the upper region showed 78% phospholytic and 70%
lipolytic forms were predominant in relation to cellulo-
Iytic (52%) and amylolytic (48%) forms. The middle re-
gion showed 80% phosphatase enzyme production fol-
lowed by lipase (77%), amylase (55%) and cellulase (49%)
enzymes production. The lower region characterized
by the predominance of phosphatase producers (74%)
on considering the lipase (70%), cellulase (54%) and am-
ylase (47%) producers. The highest percentage of phos-
phatase, lipase and amylase enzyme production was ob-

= Klebsiella
= Arthrobacter

» Pseudomonas Bacillus

m Staphylococcus = Acinetobacter

= Planococcus = Moraxella Alcaligenes

= Escherichia = Salmonella = Proteus

= Derxia Citrobacter Halovibrio

m Streptococcus

= Vibrio

= Dejinococcus = Micrococcus

Azotobacter

n Alteromonas = fnterococcus

Beijernckia = Acetobacter = Xanthomonas

= flavobacterium = Rhizobacter

Figure 1. Percentage dominance of soil heterotrophic bacteria
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Figure 2. Extracellular enzyme production of soil heterotrophic bacteria (Mean) in different depth ranges

served in the middle region whereas cellulase enzyme
in the lower region (Fig. 2).

Discussion

A huge composition of bacterial load was isolat-
ed from soil sample heterotrophic bacteria soil sam-
ple. These bacteria may get involved in the detritus de-
composition of litter fall on the sediment surface. Stud-
ies on mangrove microbial community in the sediments
are essential in recognizing the process of biogeochem-
ical cycling (Roy et al., 2002). Bacteria may behave as a
primary decomposer, which use small amount of dis-
solved organic substances and absorb dissolved inor-
ganic substances such as nitrate and phosphate (Tha-
toi et al., 2013).

Three samples were studied from three depths of
the soil and the result indicated that the bacterial den-
sity was high at the upper zone followed by middle and
lower zone. The upper zone has an enormous number
of bacteria that can convert the dead and decaying mat-
ter into nutrients. As the depth increases down the soil
column, the dead and decaying matter become reduced
thereby the aerobic culturable bacteria remain reduced.
Hence the middle and lower zone under study showed a
minimized density of bacteria compared to the upper
region. The upper surface of sediment contains pho-
totrophic and heterotrophic microorganisms that were
responsible for sediment stabilization against resus-
pension, plant growth promotion and chelation of toxic
metals and other contaminants (Decho, 2000; Bouchez
et al., 2013). A change in bacterial pattern was reported
on studying the depth integrated microbial community
in mangrove soil of Sundarbans (Das et al., 2012).

One of the dominant group of bacteria observed
during the present study was Acinetobacter sp. Acineto-
bacterinvolved in degradation pathways of various long-

chain dicarboxylic acids and aromatic and hydroxylat-
ed aromatic compounds (Yoshida et al., 1975). Anoth-
er dominant genus was Micrococcus sp., play an impor-
tant role in degradation and nutrient cycling. Also, Ven-
kateswaran and Natarajan (1983) reported Micrococcus
as a phosphate solubilizing bacteria from mangrove bi-
otopes in Porto Novo, Chennai water and sediment. Ba-
cillus as a rhizosphere organism in mangroves and rec-
ommended that they should be aimed to provide micro-
bial resolutions which improve polluted environments.
The occurrence of Bacillus sp. in mangrove ecosystem
has been well documented (Lee et al., 2014; Deivanai et
al., 2014; Castro et al., 2014; Eldeen et al., 2015).

Pseudomonas has a major role in the turnover of
certain nutrients like nitrogen, carbon and phospho-
rous appeared in the leaf biomass (Robertson and Dan-
iel, 1989; Mumby et al., 2004; Romero et al., 2005). Ni-
trogen fixing bacteria included Azospirillum sp., Azoto-
bacter sp. and Klebsiella sp., and phosphate-solubiliz-
ing bacteria were Bacillus sp., Paenibacillus sp., Vibrio
sp. and Pseudomonas sp. (Thatoi et al., 2013). Ambeng et
al. (2019) reported Bacillus, Staphylococcus, Vibrio, Mic-
rococcus, Alteromonas and Escherichia from mangrove
sediments of Pangkajene River estuary. Certain bacte-
ria like Streptococcus, Staphylococcus, Micrococcus, Mo-
raxella and Pseudomonas found associated with de-
grading materials in Indian mangrove soil (Kathiresan,
2003). Many bacterial genera including Bacillus, Micro-
coccus, Alteromonas, Escherichia, Xanthomonas, Moraxel-
la, Alcaligenes, Proteus, Citrobacter, Acetobacter, Strepto-
coccus, Aeromonas and Planococcus were reported from
different mangroves ( Essien et al., 2013; Castro et al. ,
2014; Saseeswari et al., 2016).

The overall highest enzyme producing isolates’
percentage was observed in the middle layer of soil for
phosphatase, lipase and amylase enzymes. This may be
due to the reason that the degradation process occurs
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at this layer. Also, the enzyme producing bacteria for
specific enzyme of study may be abundant in this lay-
er. In the case of cellulase enzyme highest production
of isolates found in lower layer that corroborates with
the finding of Das, et al. (2012) in Sundarbans mangrove
soil that cellulase bacteria increases with increase in
depth. They also stated that phosphate solubilizing bac-
teria decreases with increase in depth which was also
observed here.

Soil microbial communities perform a crucial role
in the process of nutrient recycling and in the conser-
vation of mangrove health. Hence the present study de-
picted that mangrove soil contain variety of bacteria.
These bacteria varied along different depths of soil col-
umn based on the role played by it. Studies on microbi-
al ecology in this complex mangrove environment are
essential for the better understanding of bacterial re-
sponses to ecosystem functioning and the diverse extra-
cellular enzymes study provide a resource for novel hio-
catalysts discovery and its industrial application.

Acknowledgement

The authors are grateful to the Principal,
Catholicate College, Pathanamthitta for providing
facilities and to MG University, for financial support.

References

Alongi, D. M. (1996). The dynamics of benthic nutrient
pools and fluxes in tropical mangrove forests. J.
Mar. Res., 54: 123-148.

Ambeng, H., Zubair, N. P. Oka & Tongirroh, A. (2019).
Isolation and characterization of bacteria from
mangrove sediment at coastal area in Pangkep
South Sulawesi. Journal of Physics Conference Se-
ries, 1341(2):022016.

Baird-Parker, A. C. (1966). Methods for classifying Staph-
ylococci and Micrococci. In Identification Methods
for Microbiologists, Part A. (Society for Applied
Bacteriology Technical Series,1:59), edited by B. M.
Gibbs and F. A. Skinner. Academic Press, New York
and London.

Bouchez, A., Pascault, N., C. Chardon, C., et al. (2013).
Mangrove microbial diversity and the impact of
trophic contamination. Marine pollution bulletin,
66(1-2):39-46.

Castro, R. A. & Carolina, M. C. (2014). Isolation and en-
zyme hioprospection of endophytic bacteria associ-
ated with plants of Brazilian mangrove ecosystem.
Springer Plus, 3:382.

Chen, Q., Qian, Z., Jing, L., Shuguang, J. & Hai, R.
(2016). Mangrove succession enriches the sediment
microbial community in South China. Sci. Rep., 6,
27468.

Das, S., M. De, Ganguly, D., Maiti, T. K., Mukherjee, A.,
Jana, T.K. & De, T. K. (2012). Depth Integrated Mi-
crobial Community and Physico-Chemical Proper-
ties in Mangrove Soil of Sundarban, India. Advanc-
es in Microhiology, 2: 234-240.

Decho, A. W. (2000). Microbial biofilms in intertidal sys-
tems: an overview. Cont. Shelf Res., 20: 1257-1273.

Deivanai, S., Bindusara, A.S., Prabhakaran, G. & Bhore,
S.J.(2014). Culturable bacterial endophytes isolated
from Mangrove tree (Rhizophora apiculata Blume)
enhance seedling growth in Rice. Journal of Natu-
ral Science, Biology and Medicine, 5(2): 437-444.

Eldeen, I. M. S., Alenjandra, L. S. M., Saidin, J. & Zin, N.
A. M. (2015). Endophytic Bacillus species isolated
from mangrove plants, and their antagonistic ef-
fects against some pathogenic bacterial strains. In-
ternational Journal of Phytomedicine, 7(3):302-309.

Essein, J., Udoukpo, F., Etesin, U. & Etuk, H. (2013). Ac-
tivities of hydrocarbon-utilizing and diazotrophic
bacteria in crude oil impacted mangrove sediments
of the Qua Iboe Estuary. Nigeria.Geosystem Engi-
neering, 16(2): 165-174.

Hassan, H. M. and Pratt, D. (1977). Biochemical and phys-
iological properties of alkaline phosphatases in five
isolates of marine bacteria. J. Bacteriol., 129(3):
1607-1612.

Holguin, G., Vazquez, P. & Bashan, Y. (2001). The role of
sediment microorganisms in the productivity, con-
servation, and rehabilitation of mangrove ecosys-
tems: an overview. Biology and Fertility of Soils,
33(4):265-278.

Holt, G. H., Kreig, N. H., Sneath, P. H. A,, Staley, J. T. &
Williams. (2000). Bergey’s Manual of determinative
bacteriology. Williams and Wilkins, New York.

Kathiresan, K. (2003). Polyethylene and plastic degrad-
ing microbes from the mangrove soil. Revista de Bi-
ologia Tropical 51:629-633.

Lee, G., Rhee, M., Chang, D., Kwon, K. K., Bae, K.S., Yang,
S. H. & Kim, B. (2014). Bacillus solimangrovi sp. nov.,
isolated from mangrove soil. Int J Syst Evol Microbi-
ol., 64(5):1622-1628.

Mac Faddin, J.F. (1980). Biochemical tests for identifica-
tion of medical bacteria. 2" edition. The Baltimore:
Williams and Wilkins Co.

Mumby, P. J., Edwards, A. J., Arias-Gonzalez, J. E., et
al. (2004). Mangroves enhance the biomass of cor-
al reef fish communities in the Caribbean. Nature,
427: 533-536.

Robertson, A. I. & Daniel, P. A. (1989). The influence of
crabs on litter processing in high intertidal mangrove
forests in tropical Australia. Oecologia, 78: 326-333.

Rojas, A., Holguin, G., Glick, B.R. and Y. Bashan, Y.
(2001). Synergism between Phyllobacterium sp. (N,-
Fixer) and Bacillus licheniformis (P—Solubilizel%,
both from a semiarid mangrove rhizosphere. FEMS
Microbiol. Ecol., 35(2):181-187.

Romero, L. M., Smith, T. J. & Fourqurean, J.W. (2005).
Changes in mass nutrient content of wood during

Vol. 25, issue 2 (2023)

65


https://www.researchgate.net/journal/International-Journal-of-Phytomedicine-0975-0185
https://www.researchgate.net/journal/International-Journal-of-Phytomedicine-0975-0185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan HM%5BAuthor%5D&cauthor=true&cauthor_uid=845125
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pratt D%5BAuthor%5D&cauthor=true&cauthor_uid=845125
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC235141/
https://www.researchgate.net/journal/Journal-of-Physics-Conference-Series-1742-6596
https://www.researchgate.net/journal/Journal-of-Physics-Conference-Series-1742-6596

decomposition in a South Florida Mangrove For-
est. Journal of Ecol., 93:618- 631.

Mangrove Rhizosphere,” FEMS Microbiology Ecology,
Vol. 35,2001, pp. 181-18

Roy, S., Hens, D., Biswas, D. & Kumar, R. (2002). Sur-
vey of petroleum-degrading bacteria in coastal
waters of Sunderban biosphere reserve. World J.
Microbiol. Biotechnol., 18: 575-581.

Saseeswari, A., Kanimozhi, G. & Panneerselvam, A.
(2016). Bacterial Diversity of Mangrove Soil in
Karankadu from East Coast of Tamil Nadu, India.
Int. J. Curr. Microbiol. App. Sci., 5(4): 750-756.

Sierra, G. A. (1957). A simple method for the detection
of lipolytic activity of microorganisms and obser-
vation of the influence of the contact between

cells and fatty substrates. Antonie Van Leeuwen-
hoek, 23: 15-22.

Thatoi, H., Behera, B. C., Mishra, R.R. & Dutta, S. K.
(2013). Biodiversity and bhiotechnological poten-
tial of microorganisms from mangrove ecosys-
tems: a review. Ann. Microbiol., 63(1):1-19.

Venkateswaran, K. & Natarajan, R. (1983). Seasonal
distribution of inorganic phosphate solubilising
bacteria and phosphatase producing bacteria in
Porto Novo waters. Indian J. Mar. Sci., 12(4):213-
217.

Yoshida, S., Tazaki, K.& Minamikawa, T. (1975). Oc-
currence of shikimic and quinic acids in angio-
sperms. Phytochemistry 14:195-197.



