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ABSTRACT

In shallow coastal regions, bacteria are believedptay an important role in the recycling of
matter. A study concerning total heterotrophic lesiet and phosphate solubilizing bacterial
populations in the water and sediment sampleseK#rangadu and Devipattinam, Palk Strait,
Southeast coast of India were carried out from R@98-May 2009. THB and PSB were high in
November month. THB was ranged between 5.23-9.75el® ml* and 2.36-11.21xf@ells g*
and PSB was fluctuated between 0598x1G cells mI* and 1.12-6.84xT0cells g' from water
and sediment samples respectively. Among all tH# iB8ates, twenty proficient PSB strains
were selected for phosphatase activity and P slhaltion efficiency under in vitro condition.

Key words: Total heterotrophic bacteria, Phosphate solubijzbacteria, P solubilization,
Phosphatase activity, Palk Strait.

INTRODUCTION

Bacteria are responsible for much of the mineraliog in marine ecosystems, and act either as
source or sink of nutrients. However, bacterialratance usually varies less than one order of
magnitude over the course of a year, a small rarigan compared with the seasonal fluctuations
of phytoplankton [1]. The knowledge of bacteriaguation is essential to understand how the
microbial system functions. Both substrate suppigt grazing are currently considered to have
the greatest potential among the factors that mightrol bacterial growth and production [2,3].
Although the effects of virus on bacterial mortaliould be significant [4,5], bacterial loss due
to virus was not estimated in this study. Sinceititieduction of the microbial loop hypothesis
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by Azamet al., [6], the tropho-dynamics between phospho bactmheterotrophic have been
widely studied.

However, heterotrophic bacterial action promotegaoic degradation, decomposition and
mineralization processes in sediments and in tleelying water, and releases dissolved organic
and inorganic substances [7]. The mineralizationoafanic matter, which is derived from
primary producers, results in its being recyclexttsat these substances are again available for
primary producers. Heterotrophic microorganisms e major agents shaping the organic
composition of the ocean. These heterotrophic bacteomprise the bulk of microbial
populations inhabiting the water column of oceamd @re responsible for much of the biological
transformation of organic matter and productiorcafbon dioxide [8]. Distribution of bacteria
depends on changes in water temperature, salindyasher physicochemical parameters [9].
Bacteria also serve as an important source of fooda variety of marine organisms. Thus,
bacteria not only maintain the pristine nature ki environment, but also serve as biological
mediators through their involvement in the biogemultal processes.

Phosphorus (P) is one of the major essential matnients for plants, which is applied to the
soil in the form of phosphaticmanure. However, i@daportion of the applied phosphorus is
rapidly immobilized, being unavailable to plant®]lin average, the content of phosphorus of
soil is about 0.05% (w/w); however, only 0.1% oérh are usable for plants [11]. Saline-alkali
soil-based agriculture develops quickly in recemtarg. Similar to the fertile soil-based
agriculture, the intensive culturing of salt-toletr@and even saltresistant plants has dramatically
decreased the availability of phosphorus in saditkali soil. The free phosphatic ion in soil
plays a crucial role; the orthophosphatic ion is tnly ion which can be assimilated in an
appreciable amount by plants [12]. Soil microorgars involve in a wide range of biological
processes including the transformation of soil phosus. They solubilize soil phosphorus for
the growth of plants. The growth of phosphate-sitkibg bacteria (PSB) often causes soil
acidification, playing a key role in phosphorusudilization. Therefore, PSB are considered the
important solubilizers of insoluble inorganic phbafe. In turn, plants reimburse PSB with
carbohydrates. Since the beginning of last centmgny PSB have been isolated including, for
example, those iBacillus PseudomonasErwinia, Agrobacterium, SerratiaFlavobacterium
Enterobactey Micrococcus Azotobacter Bradyrhizobium Salmonella Alcaligenes
Chromobacterium Arthrobacter Streptomyces Thiobacillus, and Escherichia [13]. The
objective of this research was to evaluate theidigton pattern of total heterotrophic bacteria
and phosphate solubilizing bacteria from Karangadd Devipattinam marine environment and
to develop a better understanding of the mechanisisolubilization and phosphatase activity
by PSBIn vitro condition.

MATERIALS AND METHODS

Sampling site

Karangadu and Devipattinam non-rhizophere marirnesystem were selected for this study
based on the dominant ecosystems prevalent in thigse During the on set of Northeast
monsoon (October to December) turbulent conditjprevail in Palk Strait. Karangadu (station
1) (Lat 9 36’'N and Long 7883'E) is one of the important mangrove region ie Bralk Strait.
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Devipattinam (station 2) (La®28'N and Long 7854°E) is situated 35 km north of station 1 by
road. The shallow coast is dominated by a muddiobothereby supports luxuriant growth of
seagrasses. Predominant seagrasses occurringsimrda areCymodocea serrulata, Enhalus
acroides, Halophila ovalisndH. baccarii A thick patch of mangrove dominated Ayicennia
marina Two sampling points (Karangadu open sea | arahdl Devipattinam open sea | and Il)
were fixed for each station with an interval of B0Om on the respective ecosystems.

Collection and analysis of samples

Collection of water and sediment were made altermadnth for a period of six months from
July 2008-May 2009. For bacteriological assessmemater samples were collected in clean
polypropylene bottles. Water samples for the egstonaof abiotic parameters were also
collected for the same sampling points. Surfaceew&mperatures were measured using
standard mercury filled centigrade thermometerinBglwas estimated with the help of a hand
refractometer (Model E-2) and pH was measured uairiglico pH meter (Model LC-120).
Dissolved oxygen was estimated by the modified \idiri&k method as described by Strickland
and Parsons [14]. Sediment samples were collectgdloging an alcohol rinsed and air-dried
Petterson grab. The central portion of the coldc@mple was aseptically transferred into new
polyethelene bags using a sterile spatula for batbgical analysis.

Bacteriological methods

Serial dilutions of the water and sediment samplese prepared, using fittered and sterilized
50% seawater. One ml aliquots of%00° dilutions were transferred to petriplates containi
Zobell's marine Agar 2216 (HiMedia, India) for enerating THB and enumeration of
phosphate solubilizing bacteria by using Pikovskaggar media (HiMedia, India). Plating was
done and incubated at room temperature 28+2°C.r Afg hours the colony forming units
(CFUs) were recorded. The well-developed and mdggically different single colonies were
picked out randomly and restreated on approprigir glates for obtaining pure cultures.
Bacteria were studied for their morphological amtbemical characteristics following standard
techniques and their identification confirmed [¥],IPhosphate solubilizers were isolated based
on the holozones produced around the colonies.

Determination of phosphatase activity in sediments and by PSB

For phosphate solubilization, PSB produce phosgbatmzyme. In an attempt to study the
phosphatase activity in response to P enrichmerperaments were done usin§-
glycerophosphate as a substrate. Culture filtratese centrifuged and subjected to estimate
phosphatase activity following the procedure of atabai and Bremner [17]. The considerable
guantities of the sediment samples were air-drietithe phosphatase activity was estimated by
a modified method of Kramer and Erdei [18]. The pla®s were incubated with phenyl disodium
orthophosphate in appropriate salinities and phaisisle activity was directly measured by the
amount of phenol released.

Estimation of phosphorous contents

The potential of PSB strains was tested invitro dsgimating available phosphorous in the
Pikovskaya’s broth amended with known amount @ftdgium phosphate as sustrate. The Flasks
were inoculated with culture broth of cultures & @ (Asog). The flasks were incubated at 30 °C
for 7 days and centrifuged at 15000 rpm for 15 mifeosphorus was determined in supernatant
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following the procedure of Natarajan and Buvana].[IFotal phosphates in four stations
sediment samples were also estimated adopting #tbowoh of Strickland and Parsons [20].
Suitable controls were maintained in all analyses e results represent the averages of three
replicates.

Measurement of p" and titrable acidity

A change in pH of the medium due to the growth bbgphate solubilizing bacteria was
measured with a pH paper after three days of inauhaln order to study the titrable acidity of
growth medium, three days old culture filtrates eveertrifuged at 1000 rpm for 10 min, 5ml of
supernatant was added with 2-3 drops of phenolfithandicator and titrated against 0.01N
NaOH. The titrable acidity was expressed as mL.01R NaOH consumed per 5 ml of culture
filtrate.

RESULTS AND DISCUSSION

The annual mean surface water temperature foostatiwas 30.12 °C with minimum of 27 °C
in the month of November 2008. The temperature wgséo 32 °C in May 2009. The annual
mean surface water temperatures for stations Zd34awere 30 °C, 30 °C and 30.5 °C, the
minimum of 26 °C, 25 °C and 27 °C in the month afldrmber 2008 and the temperature rose
upto 31.5°C, 31.5°C and 32.5C in the month of May 2009 respectively. The mealues of

pH fluctuated between 7.6 and 8.2; salinity, 28 86D% and DO, 4.1-7.6 mlL However,
there were little variations in these parameteta/éen the months (Table 1).

Population density

The total heterotrophic bacterial loads in all shngpsites were tabulated in Table 2 and 3. The
higher density was occurred in sediment than inewaamples at all the stations. THB
population in all the stations water samples betw&&3-9.75x10 CFU ml*, and in sediment
samples remained almost between 2.36-11.Z1€FV g' expecting a very few samples. The
phosphate solubilizing bacteria in water samplegevieund to be 0.98-5.60x1@CFU mI* and
sediment samples were found to fluctuate betwet?8.84x16 CFU g'. The higher density of
THB and PSB were recorded at station 4 followedstation 2 which are characteriaed by
muddy bottom. The distribution and abundance otdy&cin aquatic environments have been
reported to be closely related to the physical ertigs and organic matters in the ecosystem
[21,22]. It is generally observed that minimum legiel counts of the THB and PSB groups were
found in summer and maximum counts in monsoon.|8irtrends have been recorded in marine
environments [23,24,25].

Phosphatase activity

Determination of phosphatase activity by the ismlapotential phosphate solubilizers showed
that the strain PSB7 was isolated from Sedimenipgssrof station 2 had higher activity (38.84

pmoles/g/h) followed by the strain PSB13 (34.32 jesig/h) isolated from sediment samples of
station 4 (Table 3). The phosphatase activity veastlin PSB1 isolated from water samples of
station 1, followed by PSB10 (isolated from watamgple of station 3), PSB3 (isolated from

water sample of station 2) and PSB14 (isolated fseaiment samples of station 4). However,
there was a positive correlation between PSB arasgdtatase activity. This might be due to
availability of higher amount of phosphorous in thedium and the ability of the PSB strains
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[26]. Phosphatase activity of the sediments waerdsd from all the sampling stations (Table
4). In general, clayey substrata reveal higher phatse activity than sandy mixed substrata.
Kobori and Taga [27] have shown that there is amei@se in activity from the coastal to the
offshore region, but a decrease in activity witlpttle which may be due to biotope difference
[28]. In general, phosphatase activity at offsh@gions and coastal regions sediments showed
little variations of values as compared to otheratmns. It was seen that station 4 showed
highter activity followed by station 2, 1 and 3, ialh may be due to nature of location. Simlar
observations have been recorded in marine environf#,30,31].

Estimation of phosphorous

Phosphorous solubilizing efficiency of isolatedasts of PSB indicated that all the strains were
solublized phosphate contents effectively in tiygid medium (Table 5). Among the 14 strains,
PSB7 was found as the potential in solubilizing ptmte (48.23 ppm i) and PSB13 (44.24
ppm mL?) was the second second effective solubilizer whRiBB14 (20.99 ppm nit) was the
least solubilizer. Similar results have been reggbiby many investigators [32,33]. The total
phosphate content was higher in station 4 (0.46gmfgllowed by station 2 (0.38 mg/g). The
content of total phosphates was also higher ineglagediments than sandy sediments. This is
substantiated by the fact that where ever the fgdtakphate content was found to be high, the
phosphatase activity was also high. Such correidtias been reported by Alexander [34] and
Ayyakkannu and Chandramohan [35]. It should be adhdiere that the sediments containing a
large fraction of soil and clay are rich in phodghd he present investigations confirm this.

The present results observed that there was redurctipH of the medium but an increase in
titrable acidity. This might be due to secretionoojanic acids by PSB [36] . The initial pH of
the medium was 7.0, the results on the pH of tiferdnt strains in culture medium varied
between 4.9 and 6.3. The titrable acidity of th&R&ains in medium was fluctuated between
2.3 and 3.9 ml/0.01N NaOH (Table 5). The contros waaintained at 2N. Similar findings were
recorded by PSB isolated from rhizophere soilsitiéint field crops [37]. However, the soil
conditions and surface layer of waters vary in dngount and type of nutrients, temperature,
degree of aeration, available moisture and pH tds/élre water and soil microorganiars.

Table-1 Variations (Range and Annual mear) of different physico-chemical parameters monitord during
July 2008-May 2009

Station | Temperatute (°C) pH Salinity (%o) DO (ml LY

Station 1| 27 -32(30.12) 76-8.0(78) 29-33®5) | 4.1-5.98(4.95

Station 2 26.5-31.5 (30) 7.6-8.2(7.9) 28— (3| 4.4-7.1(5.8)

Station 3 26 — 31.5 (30) 76-82(793) 28-34¥) | 3.52-5.65(4.82)

Station 4| 27-32.5(30.5) 7.8-8.2(8.1) 2854B625)| 4.8-7.6(6.2)
Figures in parenthesis indicates annual mean

In conclusion, the THB and phosphate solubiliziragtberia are widely distributed in different
niches with the coastal area having a high denBityasphatase production and solubilization of
phosphate are linked. It is evident from the presemestigation in that phophatase and
phosphate solubilizing bacteria may play a majée no increasing the phosphate concentration
and consequently the buffering capacities of sedimaicroorganisms as well as water
microbes. Further studies are now in progressinglab the nature of production of plant growth
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due to biosynthesis of plant growth substanceseratman their action in releasing available
phosphorous. Hence these isolates could servenconsly to fertilize a niche by solubilizing

insoluble phosphorous compounds especially in enuilents where a low concentration of
phosphorous causes various limitations.

Table-2 THB and PSB in water samples at differentamplig stations

Months Station 1 Station 2 Station 3 Station 4
THB | PSB| THB| PSB] THB PSB THB PSB
July 2008 6.76/ 33 691 3.0 783 3p7 683 314
September| 8.25| 3.12| 7.8| 3.0% 7.85 298 8.44 3,03
November| 9.56 | 4.12| 942 488 932 521 9.5 5.6
January'09| 7.8 | 3.07| 756 3.12 7.1 312 7P 335
March 6.62| 3.08 6.46 3.17 6.31 32 6.03 3.1
May 6.08| 13| 6.12 138 6.0 196 5.23 0)98

THB = No.x18 CFU mi*, PSB = No.x10CFU mI*
Figures are average of three replicates

Table-3 THB and PSB in sediment samples at differésamplig stations

Months Station 1 Station 2 Station 3 Station 4
THB | PSB| THB| PSB| THB| PSB THB PSB
July 2008 9.65| 5.1 984 521 972 482 9[3 5.3

September| 7.86 | 5.32| 8.2| 5.13 8.8¢ 58 825 5]89
November | 10.76| 5.18) 11.21 6.0p 10.31 6.y6 10/83 6.84
January’'09| 6.03 | 4.84| 6.46] 4.63 7.1 51 7.76 53

March 5.13| 3.9] 481 381l 526 41 52 3|63
May 425| 112 468 208 236 25 249 2|18

THB = No.x10CFU g*, PSB = No.x10CFU g*
Figures are average of three replicates

Table-4 Phosphatase activity in four marine statios in relation to total phosphate

Station Phosphatase activity Total phosphate
(umoles/g/h) (mg/g)
Station 1 10.61+0.89 0.19+0.008
Station 2 11.92+0.91 0.38+0.013
Station 3 9.28+0.84 0.24+0.012
Station 4 12.8+1.02 0.46+0.016

Values are average of six replicates

Table-51n vitro phosphorous solubilizing capacity and phosphatasgctivity of PSB  strains

Phosphatase activity | Available P (ppm mL™ of pH of the culture | Titrable acidity of the
Strains (umoles/g/h) cultures filtrate) medium® medium®
PSB1 14.52 24.43 6.0 3.1
PSB2 20.8 34.41 5.9 2.6
PSB3 16.5 26.71 6.2 2.6
PSB4 34.42 44.24 6.0 25
PSB5 25.22 36.56 5.9 2.9
PSB6 20.61 31.26 6.1 3.0
PSB7 38.84 48.23 6.3 3.8
PSB8 24.52 43.2 6.1 2.9
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PSB9 30.16 40.86 5.9 3.3
PSB10 15.84 24.85 4.9 3.9
PSB11 26.72 30.88 5.7 3.6
PSB12 22.5 40.63 5.8 2.8
PSB13 20.98 41.4 5.6 2.7
PSB14 16.82 20.99 5.3 2.3
PSB15 14.28 23.24 5.5 2.5
PSB16 26.31 30.26 4.9 2.5
PSB17 24.12 34.22 5.6 2.7
PSB18 19.31 22.25 5.8 3.1
PSB19 17.7 26.5 5.5 3.3
PSB20 155 21.05 54 2.7

@Initial pH of the medium was 7.8Titrable acidity expressed as mL of 0.01N NaOH oared per 5 ml of culture
filtrate, control was 2N.
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