Int.J.Curr.Microbiol.App.Sci (2014) 3(1): 145-154 S

INTERNAIONAL JOURNAL OF

L OF
CURRENT MICROBIOLOGY AND
APPLIED SCIENCES
IANUARY

2014

Vot

International Journal of Current Microbiology and Applied Sciences P
1SSN: 2319-7706 Volume 3 Number 1 (2014) pp. 145-154 § & %
http://www.ijcmas.com = =

EE—————————_—svismmen

Original Research Article

Actinobacterial diversity of mangrove environment of the Palaverkadu

mangroves, east coast of Tamil Nadu, India
P.Karthikeyan*, G.Senthilkumar and A.Panneer selvam

P.G and Research Department of Botany and Microbiology

A.V.VM.Sri Pushpam College (Autonomous), Poondi-613 503, Thanjavur, TamilNadu, India

* Corresponding author

Keywords

Mangrove
environment;
Soil
characteristics;
Marine

Actinomycetes.

ABSTRACT

Twenty one actinomycetes strains were isolated from mangrove environment of
Palaverkadu,Tamil Nadu,IndiaThe physico-chemical characteristics of soil
samples were analysed. Morphological studies indicated that the strains belonged
to the genera. Actinomadura(2), Actinokineospora, Catellospora, Kitasatosporia,
Nocardia, Nocardiopsis(4), Planobispora, Planomospora, Terrabactor,
Saccharothrix, Sreptomyces(3), Streptomyces albus, Steptomyces annulatus,
Sreptosporangium, Streptoverticillium were screened. Many natural products have
been isolated from marine environments. However, only a small fraction of them
was derived from marine microorganisms. Marine actinomycetes are antibiotic
producers with diverse biological activities. In the present investigation, an effort
was made to screen different marine sediments which is a large unscreened and
diverse ecosystem for the isolation of potent antibiotic producing Actinomycetes.

I ntroduction

Marine actinomycetes constitute an
important and potential source of novel
bioactive compounds. Since
environmental conditions of the sea are
extremely different from terrestrid
conditions, they produce different types of
antibiotics. Almost 80% of the world’s
antibiotics are known to come from
actinomycetes, mostly from the genera
Streptomyces and  Micromonospora
(Pandey et al.,2004). Actinomycetes have
gained prominence in recent years because
of their potential for producing antibiotics

(Kumar et al., 2005). Streptomycin,
gentamicin, rifamycin are some of the
antibiotics which are in use presently and
erythromycin are the product of
actinomycetes. The actinomycetes are
important in the field of pharmaceutical
industries and aso the agriculture.
Previous study showed that actinomycetes
isolated from Malaysia soil have the
potential to inhibit the growth of several
plant pathogens (Jeffrey et al., 2007).
Actinomycetes, isolate from marine source
are of terrestrial origin. Sixty-three of the
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isolated actinomycetes were tested for the
effects of seawater on  growth.
Streptomycetes growth in nonsaline media
was reduced by 39% compared with that
in sea water. The actinoplanetes had a
near obligate requirement of seawater of
growth, and this is presented as evidence
that actinomycetes can be physiologically
active in the marine environment.
Problems  encountered  with  the
enumeration of actinomycetes in marine
sediments are also discussed. (Jensen, et
al.,2005). Most of the microbial antibiotics
discovered so far are originated from
actinomycete bacteria, only a few of them
from soil derived genera (Streptomyces
and Micromonospora). Actinomycetes
produce a wide range of secondary
metabolites and more than 70% of the
naturally derived antibiotics that are
currently in clinical use are derived from
marine actinomycetes (Pimentel-Elardo et
al., 2009).

Since marine sediments represent an
environment which is markedly different
from that associated with soil samples, itis
not clear how effective the pre-treatment
of such sediments would be for the
recovery of bioactive
actinomycetesMarine sediment is an
inexhaustible resource that has not been
properly exploited. Few reports from the
East Coast of India, suggests that soil is a
major  source  of  Actinomycetes
(Sivakumar et al., 2005; Vijayakumar et
al., 2007; Dhanasekaran et al., 2008).

In recent years there has been a growing
awareness of the potential value of marine
water habitat as source of actinomycetes
that produce useful metabolic products.
Actinomycetes are the most economically
and biotechnologically valuable
prokaryotes. They are responsible for the
production about half of the discovered
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bioactive secondary metabolites (Berdy,
2005), antitumour agent (Cragg et al.,
2005), notably antibiotics (Strochl, 2004),
immunosuppressive agents (Mann, 2001)
and enzymes (Old field, 1998).

Materialsand Methods

Sample Collection

The marine soil samples were collected
from mangrove  environment of
Palaverkadu, Tamil Nadu, India. The soil
samples were collected in random in
sterile polythene bags to avoid external
contamination. The samples were
collected from 6 inches from the soil
surface, in  order to avoid the
contamination. The collected soil samples
were brought to the laboratory and stored
in refrigerator for further use.

Physico — chemical analysis of soil

Moisture content was estimated for a
known quantity of soil before and after
drying in a hot air oven at 60°C for 6
hours. Soil samples after removing the
debris were suspended in distilled water
(1:2 w/v) and alowed to settle down the
sand particles. The pH of the suspension
was read using pH meter (Systronics,
India), to find out the soil pH. Electrical
conductivity of soil was determined in the
filtrate of the water extract using
conductivity bridge as described by
Jackson (1973), Cation exchange capacity
(CEC) of the soil was determined by using
1 N ammonium acetate solution as
described by Jackson (1973).

Organic carbon content was determined by
adopting chromic acid wet digestion
method as described by Walkley and
Black (1934); available nitrogen was
estimated by akaline permanganate
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method as described by Subbiah and Asija
(1956) and available phosphorus by Brayl
method as described by Bray and Kutz
(1945). Available potassium was extracted
from soil with neutral 1 N ammonium
acetate (1:5) and the potassium content in
the extract was determined by using flame
photometer (Standfold and English, 1949).
Cacium (Neutra 1 N NH4 OAC
extractable 1:5) was extracted with neutral
1 N ammonium acetate and the available
calcium in the extract was determined by
versenate method (Jackson, 1973).
Available micronutrients such as Zn, Cu
and Mn were determined in the diethylene
triamine pentaacetic extract of soil using
Perkin-Elmer (model 2280) Atomic
Absorption Spectrophotometer (Lindsay
and Norvell, 1978). Other nutrients such
as magnesium, sodium and available iron
were anaysed following the method of
Banes (1959) and Muthuvel and
Udayasoorian (1999).

I solation of Actinomycetes

Isolation of actinomycetes was performed
by plating technique using starch casein
agar (Kuster and Williams, 1964) medium.
The medium was prepared and sterilized at
121°C in 15 Ibs pressure for 15 minutes.
Then it was supplemented with
Griseofulvin and streptomycin to prevent
the bacteria and fungal growth. The
medium was poured into the sterile
petriplates. The collected soil samples
were diluted upto 10° and 0.1ml of the
diluted samples was spread over the agar
plates. The inoculated plates were
incubated at 28 + 2°C for 7 — 10 days.
After incubation actinomycetes colonies
were observed, and used for further
investigation(Porter et al., 1960). Streak
plate method was used to purify the
culture of  actinomycetes. After
inoculation, the plates were incubated at
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28 £ 2°C for 7 — 10 days and were
maintained in starch casein agar medium
and stored at 4°C for further investigation.

Characterization of  Actinomycetes
(Coverdlip Culture Technique)

Actinomycetes culture plates was prepared
and 2-4 sterile coverdlips were inserted at
an angle of 45°C. The actinomycetes
culture was dowly released at the
intersection of medium and coverdip. The
plates were incubated at 28 + 2°C for 4-8
days. The cover dlips were removed and
observed under the high power
magnification.  The photomicrography
was taken using Nikon Microscope. The
morphological ~ features of  spores,
sporangia, aerial and substrate mycelium
were observed and recorded. Among the
isolate, predominate organisms were
selected for further studies ( Pridham et
al., 1958).

Colony characteristics

Colony morphology was recorded with
respect to colour, aerial mycelium, size
and nature of colony, reverse side colour
and pigmentation. The isolates were
observed under the Nikon Binocular
microscope (Burholder et al., 1954).

Results and Discussion

| solation and | dentification of

Actinomycetes

A total of 21 actinomycetes isolated from
palaverkadu.  Morphological  studies
indicated that the strains belonged to the
genera, Actinomadura 2,
Actinokineospora, Catellospora,
Kitasatosporia, Nocardia, Nocardiopsis
(4), Planobispora, Planomospora,
Terrabactor, Saccharothrix, Streptomyces
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(3), Sreptomyces albus, Septomyces
annulatus, Streptosporangium,
Streptoverticillium.

The diversity of actinomycetes isolated
from different location in forest research
Institute Malaysia (FRIM) and its various
sub-stations, and to establish a collection
of diverse actinomycete groups to form the
basis for future research and development
in drug discovery. A total of 273 soil
samples were collected from natural forest
areas in FRIM, kepong and its sub-
stations. More than 2000 isolates of
actinomycetes were isolated and they were
classified into five genera (Streptomyces,
Micromonospora, Actinoplanes, Nocardia
and Digosparic type) (Gethaet al., 2004).

In the present study a total of 21
actinomycetes isolates recorded including
different locations in marine soils of
Palaverkadu, Tamilnadu. Mean population
density of actinomycetes varied from 9.7
to 1471 x 10° CFU/g. Most of the
actinomycetes strains belonging to the
genera Planobispora sp 30 X 10™ CFU. g-
1(7.37%) Nocardiopsis sp 25 X 10° CFU .
g-1 ( 6.14 %) Saccharothrix sp 18 X 10°
CFU. g-1 (4.42 %); Nocardia sp and the
minimum level of Jonesia sp were
recorded (12 X 10° CFU. g-1 (2.94 %)
(Table-1).

Actinomycetes load varied between
4.1x102 and 26x103 CFU/g in post
monsoons, from 17x103 to 44x103 CFU/g
in pre monsoon and from 3.0x102
to17x103 CFU/g in monsoon (Varghese et
al., 2012). Percentage contribution of the
individual  species to the totd
actinomycetes population at al the seasons
showed variation. The  maximum
percentage contribution of 7.367% was
found with Planobispora sp. This was
followed by Nocardiopsis sp (6.14%);
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Catellospora sp (5.89%) and Nocardiopsis
sp (5.40% each ); Streptomyces sp and
Streptoverticillium sp (5.94 % each);
Kitasatosporia sp and Planonobispora sp
(4.91% each ); Septomyces annulatus and
Actinokineospora sp  (4.66%  each);
Nocardiopsis sp, Sreptomyces albus,
Sreptomyces and  Streptosporangium,
Nocardia sp (4.24% each); Saccharothrix
sp and Nocardiopsis sp(4.17%) and
Septomyces sp(3.68%) and Actinomadura
sp (3.43% ) and Planomospora sp (3.19%)
and Actinomadura sp (2.94%) (Table: 1).

Soil characteristics such as pH 7.21 to
7.56, eectrical conductivity 0.21 to 0.42
dSm?, cation exchange capacity 19.7 to
23.8 c.mol proton+/kg, organic carbon
0.31 to 0.52%, nitrogen 76.1 to 84.2 (Kg /
ac), phosphorus 3.25 to 3.76(Kg / ac),
potassium 112 to 148 (Kg/ ac), zinc 0.61
to 1.06 ppm, copper 0.47 to 1.83 ppm, iron
7.23 to 8.23 ppm, manganese 2.26 to 3.68
ppm, calcium 94 to 125 (C. Moale
Proton+ / kg), magnesium 7.3 to 8.9 (C.
Mole Proton+ / kg), sodium 1.17 to 2.43
(C. Mole Proton+ / kg) and potassium 0.16
to 0.25 (C. Mole Proton+ / kg), showed
variation during different seasons. Similar
type of study was reported by Sivakumar
(2001) the correlation between salinity, pH

and organic content of mangrove
sediments and actinobacterial population
has been reported (Table-2)

Physico-chemical properties of sediment
and total Actinobacterial population
(TAP), reveded that the significant
positive correlation between available
manganese and pH (r = 0.619;P <
0.05%) organic carbon and electrica
conductivity (r = 0. 628; P < 0.05%),
available copper and electrical
conductivity (r = 0.704P <
0.05%),available zinc and organic carbon
(r= 0.583; P<0.05%), available
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Table.1 Number of Colonies, Mean Density (CFU/g) and Percentage Contribution of Actinomycetes recorded in Palaverkadu

Oct 2011

to

Sep 2012

e} 8
OCT [ NOV | DEC JAN FEB MAR APR MAY JUNE JULY [ AUG SEP s&| 3
No | Aameeses 9o |¢la lelo |2le |2 ]a [2]e |¢o [2]a [2]a [2]alg]o |2 | |28 &
cginomyegtes 1 a2 s |Els |F|=s |F|= |F|= |E|= |&l= |E|= |E|ls |E|l= |E|= | |= |8 2
Actinomedurasp | 2| 067 |0 |0 |2 |067 |0 |0 |2 |067 |2 |067 |00 |2 |067 |0 |0 |2 |067]0 |0 |2 |o067|14 |343
2. | Actinomadurasp | 2| 067 [0 |0 |3 |100 |0 |0 |2 o067 |0 |0 |3 |100 |2 |067 [0 |0 |0 [0 |0 [0 [0 |0 |12 |29
3. | Actinokineospora | 0] 0 |0 |0 |4 [133 |2 |067 |2 |067 |2 |067 |2 |067 |3 |100 |2 |067 |0 |0 |0 |0 |2 |067|19 |a466
o
4 | Cadlosporasp | 3| 100 |2 |067]0 |0 |2 |067 |2 |067 |2 |067 |2 ]067 [0 |0 |2 |067 |3 |[100|4 |133 |2 |067 |24 |58
5. | Kitasatosporiasp | 3| 100 | 2 | 0670 |0 |0 |0 |2 o067 |3 |100 |2 |067 [0 |0 |2 |067 |2 |067]3 |L100 |2 |067|2L |515
6. | Nocardiasp 2[067/0]0 |0 [0 |0 [0 |2 |o067 |3 |100 |2 |067 |3 |100 |2 |067 |2 |067]0 |0 |2 |o067 |18 |44
7. | Nocardiopsssp | 2| 067 | 3 | 100 |2 | 067 [0 |0 |2 o067 |4 |133 |2 067 |0 |0 |2 |067 |2 |067 |2 |067 |4 |133|25 |614
8. | Nocardiopsssp | 2| 067 |3 | 100 |2 |067 |3 |100 |0 |0 |2 |067 |2 |067 |0 |0 |2 |067 |2 |067|2 |067 |2 |067|22 |540
9. | Nocardiopsssp | 0] 0 |2 |067]0 |0 |2 |067 [0 |0 |2 |o67 |3 100 |2 [067 |2 |067 |2 |067]2 |067 |0 |0 |17 | 417
10. | Nocardiopsssp | 2| 067 [0 |0 |4 | 133 |3 |[100 [0 |0 |0 |0 |2 067 [0 [0 |4 [133 |2 |[067|0 |0 |2 |067|19 |466
1L | Plancbisporasp | 3| 100 | 2 | 067 |2 | 067 |2 | 067 |3 | 100 |3 | 100 |3 | 100 |3 | 100 |2 |067 |3 |100|2 |067 |2 |067|30 | 737
12. | Planomonospora | 2| 067 |2 | 067 |0 |0 |4 | 133 [0 |0 |2 |o067 |4 |133 |2 |067 |0 [0 |0 [0 |2 |067 |2 |067]20 |4ol
e
13. | Terrabacter 2[067/0]0 |0 [0 |3 |10 [0 |0 |2 |o067 [2]067 [0 |0 |0 |0 |0 |0 |2 |o067 |2 |o067 |13 |319
14, | Saccharothrixsp | 2| 067 | 4 | 133 |2 | 067 |2 |067 |0 |0 |0 |0 |2 067 [0 |0 |2 |067 |2 |067]0 |0 |2 |067|18 |4
15. | Sreptomycesalbus | 2| 067 |2 | 067 |0 |0 |3 | 100 |2 067 |0 |0 |0 |0 |4 [133 |2 |067 |2 |067|0 |0 |2 |067|19 |466
16. | Sreptomyces 2[ 0672|0673 [100 [0 |0 |3 |100 |2 |067 [3|100 |3 200 [0 |0 |2 |067]0 [0 |0 |0 |20 |49
annulatus
17. | Srepomycessp | 2| 067 | 2 | 067 |3 | 100 |0 |0 |0 |0 |2 |o067 |2 067 |2 |067 |2 |067 |0 |0 |2 |067 |2 |067|19 | 466
18. | Sreptomycessp | 2| 067 | 3 | 100 |3 | 100 |3 | 100 |0 |0 |3 | 100 |2 |067 |2 |067 |2 |067 |0 |0 |2 |067 [0 |0 |22 540
19. | Srepomycessp | 0| 0 |3 | 100 |2 |067 |2 |067 |2 067 |0 |0 |2 067 |2 [067 [0 [0 |0 [0 |2 |067 |0 |0 |15 |368
20. | Streptosporangium | 3| 1.00 | 2 | 0.67 | O 0 2 067 |2 067 |0 0 21067 |0 0 2 067 |2 067 | 2 067 |2 0.67 | 19 4.66
o
21 | Qreptoverticillium | 3| 100 | 2 [067 |0 |0 |2 |067 |2 |067 |2 |067 |2 |067 |0 |0 |2 |067 |2 |067|2 |067 |2 |067|2L |515
o
4] 137 |3 | 130 | 32 | 1068 | 35 | 1134 |28 | 937 |36 | 1203 | 4 | 1471 | 30 | 1002 | 32 | 1071 | 30 | 100 | 29 | 97 |34 | 113 | 407
TNC 11 |63 4 4 8

TNC — Total number of colonies, MD — Mean density
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Table.2 Anaysis of physico - chemical parameters of marine soil samplesfrom Palaverkadu

October 2011 to September 2012

S.No | Name of the Parameters Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | June | July | Aug | Sep
1 | pH 750 7.42 | 750 | 7.47 | 756 | 7.42 | 7.31| 7.21| 7.45| 7.33 | 7.45| 7.32
2. Electrical conductivity (dsm-1) | 0.36| 0.32| 0.29 | 0.22 | 0.31 | 0.30 | 0.31 | 0.38 | 0.26 | 0.35 | 0.21 | 0.42
3. | Organic carbon (%) 052 | 0.49 | 0.39] 0.36 | 0.31 | 0.40 | 0.42 | 0.49| 0.50 | 0.51 | 0.33 | 0.48
4. | Available nitrogen (Kg/ac) 842 |841/831|835|793| 771|782 76.1] 77.3| 785|814 | 8356
5. Avaible phosphorus (Kg/ac) 350|376 |3.38| 3.25|3.46 | 3.76 | 3.65| 3.64 | 3.42 | 3.58 | 3.47 | 3.53
6. | Avalablepotassum (Kg/ac) | 140 | 146 | 135| 142 | 148 | 136 | 144 | 146| 132| 124| 112 | 127
7. | Availablezinc (ppm) 0.89 | 0.85| 0.62| 068 | 0.73|0.69] 061 | 0.74| 1.06 | 0.74 | 0.63 | 0.67
8. | Available copper (ppm) 0.96 | 0.98| 0.86| 0.53 | 0.56 | 0.67 | 0.79 | 0.85| 0.79 | 0.54 | 0.47 | 1.83
9. | Availableiron (ppm) 762|823|796|7.23|7.46| 724|727 | 762| 722|734 | 758 | 7.51
10. | Availablemanganesh(ppm) | 3.15 | 3.68 | 3.65 | 3.25 | 3.56 | 3.21 | 3.02 | 2.26 | 2.45 | 2.73| 312 | 3.27
11. | Cation exchange capacity

(C.Mole proton/kg) 238|215 | 276|223 | 222 | 21.8| 21.1| 197 | 206 | 19.9 | 20.4 | 2255
12. | Cacium (mg/kg) 112 115|116 | 123|117/ 101 | 125| 11.8| 105| 94| 96119
13. | Magnesium(mg/kg) 80| 87| 89| 82| 79| 81| 73| 82| 87| 75| 74 81
14. | Sodium(mgrkg) 235|225 | 218|222 | 243|213 231 | 1.17| 2.26 | 2.21| 211 | 2.41
15. | Potassium(mg/kg) 019 021|023|018|025|025| 025|019 | 0.15| 0.16| 0.18 | 0.22

TNC 41| 36| 32| 35| 28| 36| 44| 30| 32| 30| 20| ;4

TNC-Tota number of colonies
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Table.3 Percentage frequency and frequency class of different species of Actinomycetes recorded in Palaverkadu (n=4)

Name of the No. of seasons in which
S.No. : the Actinomycetes Per centage Frequency | Frequency Class
actinomycetes
occured
1. Actinomadura sp 7 58.33 F
2. Actinomadura sp 5 41.66 ®)
3. Actinokineospora sp 8 66.66 F
4. Catellospora sp 10 83.33 C
5. Kitasatosporia sp 9 75.00 C
6. Nocardia sp 8 66.66 F
7. Nocardiopsis sp 10 83.33 C
8. Nocardiopsis sp 10 83.33 C
9. Nocardiopsis sp 8 66.66 F
10. | Nocardiopsis sp 7 58.33 F
11. | Planobispora sp 12 100.00 C
12. | Planomonospora sp 8 66.66 F
13. | Terrabacter sp 6 50.00 ©)
14. | Saccharothrix sp 8 66.66 F
15. | Streptomyces abus 8 66.66 F
16. | Streptomyces annulatus 8 66.66 F
17. Sreptomyces sp 9 75.00 F
18. Sreptomyces sp 9 75.00 F
19. Sreptomyces sp 7 58.33 F
20. | Streptosporangium sp 9 75.00 F
21. | Sreptoverticillium sp 10 83.33 C

R - Rare (0-25%); O - Occasional (26-50%); F — Frequent (51-75%); C — Common (76-100%)
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PH EC oc | AN [APH| APO | AZ [ AC [ Al | AM [CATION [ CALCIUM | MAGNE | SODIUM | POTASS | TNC
PH 1
EC -525 1
ocC -495 | 628(%) 1
AN 432[ -021| -032 1
APH 498 | 450 | 366 | -.342 1
APO 032 219 o042 -064| 174 1
AZ 178 | 046 | 583(*) | -.090 | .002 146 1
AC -318 | .704(*) | 471 371| 167 003 | .045 1
Al 108 | 187 | 142 538| 222 152 | 006 | .262 1
AM 619(*) | -.138 | -.467 | .692(*) | -.067 149 - 17| 42 1
349
CATION 536 | -008| -194| 576 -.380 139 - 228 .400 | .644(*) 1
211
CALCIUM | -080| 212| -090| .271|-.162 | .719(**) - 377 145 251 323 1
108
MAGNE 368 | .113| .365| 405 -.170 340 | 558 | 304 | 482| .195| .578(%) 207 1
SODIUM | 610(*) | -155| -173| 477 |-229| -141| .066 | .135 | -.101 | .604(*) 334 -.009 007 1
POTASS 108 | 193 | -436| -002| .356 428 - 177 125 | 585(*) 381 440 -121 205 1
540
TNC -095| 139| .283| 218 274 348 | 003 | 243|-068| .138 162 415 095 293 305 1

* Correlation issignificant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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manganese and available nitrogen (r =
0.692; P < 0.05%) available potassium
and cacium ( r = 0.719; P < 0.01%),
available manganese and cation ion
exchange capacity (r = 0.644; P < 0.05%),
available manganese and sodium (r =
0.604; P < 0.05%), available
manganese and potassium (r = 0. 585; P <
0.05%), magnesium and cation ion
exchange capacity (r = 0578, P <
0.05%).Similar type of study was reported
by Lakshmanaperumalsamy et al., (1986);
Jang and Xu, (1996) ; Saadoun and Al-
Momoni, (1997) studied the pH, moisture,
organic matter, nitrogen and phosphorous
content of the soils and correlated with
actinomycetes population(Table-4).

Refer ences

APHA, 1975. American Public Health
association Standard methods for the
examination of water andwastewater.
14th edn. American association
Washington D. C. P. 1193.

Barnes, H., 1959. Apparatus and methods
of Oceanography, Part | Chemical,
Allenand Unwin Ltd., London.

Berdy, J., 2005. Bioactive microbia
metabolites. J. Antibiot (Tokyo), 58:1-
26.

Bray, RH. and Kutz, L.T., 1945.
Determination of total, organic and
available forms of phosphorus in soils.
Soil i, 59: 39-45.

Burholder, P.R., Sun, SH., Ehrlich, J.and
Anderson, L., 1954. Criteria of
speciation in the genus Streptomyces.
Ann. Newyork Acad.ci, 60:102-103.

Cragg, G.M., Kingston, D.G.C., Newman,
D.J., 2005. Anticancer agents from
Natural products, Taylor & Francis.

Dhanasekaran, D., Panneerselvam, A. and
Thajuddin N. 2008. An antifungal
compound: 4 phenyl-1- napthyl—
phenyl acetamide from Streptomyces

153

spp. DPTB16. Facta Universitatis
Series: Medicine and Biology, 15: 7-
12.

Geetha, K., Mohdliham , A., Leg, S.S,
Chang, Y.S., Nimura, S. and Hatsu,
M., 2004. Exploratory studies of
Actionomyces biodiversity of FRIM
Forests in aid of drug discovery.
Malaysian J. of i, 23: 37-47.

Jackson, M.L., 1973. Soil chemical
analysis. Prentice Hall of India Pvt.
Ltd., New Delhi.

Jeffrey, L.S.H,, Sahilah, A.M., Son, R,
Tosiah, S, 2007). Isolation and
screening of actinomycetes from
Malaysian soil for their enzymatic and
antimicrobial activities, J. of Tropical
Agriculture and Food ci., 35: 159-
164.

Jensen, P.R., Gontang, E., Marfnas, C.,
Mincer, JJ., Fenica, W., 2005.
Culturable  marine  actinomycete
diversity from tropical Pacific Ocean

sediments. Environ Microbial. 7:
1039-1048.
Jang, C. L. and Xu, L. H,

1990.Characteristics of the populations
of soil actinomycetes in Yunnan.
Actinomycetes, 1: 6774,

Kumar,S.V, Sahu, M.K and Kathiresan .K
(2005), Isolation and characterization
of streptomycetes  producing
antibiotics from a  mangrove
environment, Asian Jr. of Microbial.
Biotech Env.ci., 7 (3): 457-464.

Kuster, E. and williams, S.T., 1964.
Production of hydrogen sulphide by
streptomyces.  Microbiol. Espanola,
16: 193-202.

L akshmanaperumal samy, P.,
Chandramohan, D. and Natargjan, R.,
(1986). Seasonal variation  of
microbial population from sediments
of velar estuary, south india. Collague
intrernational de bacteriologie Marine
Brest (France), 3:43-54.



Int.J.Curr.Microbiol.App.Sci (2014) 3(1): 145-154

Lindsay,W.C. and Norvel, A., 1978.
Development of a DTPA soil test for
zinc, iron, manganese, and copper.
Proc &ci. Soc. AM., 42: 421-428.

Mann, J, 2001. Natural products as
inmmuno suppressive

agents.Nat.Prod.Rep.18: 417-430.

Muthuvel, P. and Udayasoorian, C., 1999.
Soil plant, water and agrochemical
analysis, Tamil Nadu Agricultural
University, Coimbatore, India.

Old field, C., Wood, N.T., Gilbert, S.C.,
Murray, F.D., Faure, F.F.,
1998.Desul phurisation of
benzothiophene and dibenzothiophene
by actinomycetes organisms belonging
to the genus Rhodococcus and related
taxa, Antonievan Leeuwenhoek, 74:
119-132.

Pandey, A., Soccol, C.R., and Mitchell,
D., 2004. New developments in solid
state fermentation. Process
biochemistry. 35:1153-11609.

Pimentel-Elardo, SM., M. Scheuermayer,
S. Kozytska and U. Hentschel,
2009.Sreptomyces axinellae sp. nov.,
isolated from the Mediterranean
sponge Axinellapolypoides
(Porifera).Int. J. Syst. Evol. Microbiol.,
59: 1433-1437.

Porter, J.N., Wilhelm, J.J., and Tresner,
M.D., 1960.Method for preferential
isolation of actinomycetes from
soils.Applications of Microbiology, 8:
174-178.

Pridham, T.G., Hessdtine, C.W. and
Penedict, R.G., 1958. A guide for the
classification of streptomyces
according to selected
group.Applications of Microbiology,
6:52-79.

Saadoun, 1., F. Al-Momani, 1997.Studies
on soil streptomycetes from Jordan.
Actinomycetes, 7 (3): 95-99.

154

Sivakumar, K., 2001. Actinomycetes of an
Indian  mangrove  (Pitchavaram)
environment:  An Inventory.
Ph.D.,thesis, Annamalai University,
Tamilnadu.

Sivakumar, K., Sahu, M. and Kathiresan,
K. 2005. Isolation and characterization
of streptomycetes producing antibiotic
from mangrove environment.Asian
Journal of Microbial Biotechnology
and Environmental Science 7: 457-
764.

Standfold, S. and L. English. Use of flame
photometer in rapid soil test for K and
Ca Agron. J. 41: 446-447, 1949.

Strochl, W.R., 2004. Antimicrobials. In
microbial Diversity and
Bioprospecting edited by At. ASM
Press, 336-355.

Subbiah, B.V. and Asija, G.L., 1956. A
rapid method for estimation of
available nitrogen in soil. Curr. <.,
25: 258-260.

Varghese, R., Suchithra, R., Nishamol, S.,
and Hatha, A.A.M., 2012. Spatial and
Tempora  Variation of Microbial
Population in the Grassland Soils of
Tropical Montane Forest: Influence of
Soil Physico-Chemical Characteristics
and Nutrients. J.Adv.Dev.Res. 3.

Vijayakumar, R., Muthukumar, C.,
Thajuddin, N.,Pannerselvam A. and
Saravanamuthu R. 2007. Studies on
the diversity of Actinomycetes in the
Palk Strait region of Bay of Bengal,
India. Actinomycetologica, 21: 59-65.

Wakley, A. and Black, |.A., 1934.
Taxonomy and biotransformation
activities of some deep- sea. Soil. i,
37: 29-38.



