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Introduction 

Among microorganisms, actinomycetes are useful biological tools in 
the production of diverse range of bioactive secondary metabolites 
such as antibiotics, anticancer, immunosuppressive agents and 
enzymes with high economic value [1,2]. The role of actinomycetes 
as sources of bioactive molecules became apparent as these or-
ganisms especially Streptomyces provides about 80% of total anti-
biotics [3]. Although soil is a natural reservoir for actinomycetes and 
served as sources of antimicrobial products by pharmaceutical in-
dustry for about half a century, only a miniscule fraction of actino-
mycetes have been used in pharmaceutical industry [4]. Hence, 
investigation of newer ecosystems for isolation of actinomycetes 
and for natural product-based drug discovery is crucial to overcome 
the problem of antibiotic resistance associated with the existing 

antibiotics. 

Kodagu is a district of Karnataka state in Southern India, located 
within North latitude 12º19’.45" and East longitude 75º53’.44" which 
is situated on the eastern slopes of Western Ghats where the range 
of hills running along Indian’s west coast. It occupies about 4100 
sq.km. of land in the Western Ghats which is one of the major bio-
geographical zone of India which has a rich and varied biodiversity. 
In this rich biodiversity hot spot zone, studies have been carried out 
in Kerala [5] and Tamil Nadu [6] indicating diverse potent strains of 
actinomycetes with potential antibacterial activity. In view of the 
above, study was undertaken to identify the diversity of actinomy-

cetes and their antimicrobial properties in soil samples of Kodagu 

district, Karnataka state, (India).  

Materials and Methods 

Collection of Soil Samples 

Soil samples (15) were collected randomly from three localities of 

Kodagu district, which includes Kushalnagar taluk (Kaveri Ni-

serghadama forest, Dubare elephant camp, bamboo forest) [latitude 

12 28’.0 N and longitude 75 58’.0 E], Madikeri taluk [latitude 12 

25’.01" N and longitude 75 43’60" E], Gonikoppa taluk (Titimati) 

[latitude 12 13’ 18.38" N and longitude 75 59’ 59.23" E] during July 

2010 to June 2011 [Fig-1]. Soil samples collected from different 

areas comprising of forest areas, agriculture fields and grass lands. 

In each locality approximately 100g of soil was collected from the 

surface area reaching about 10-15 cm depth using an open-end soil 

borer having 20 cm depth and 2.5 cm in diameter. The collected soil 

samples were brought to the laboratory in sterile polythene bags 

and stored at 4.0ºC until further analysis. 

Soil Analysis 

All the soil samples collected for the isolation of actinomycetes were 
analyzed for physico-chemical parameters such as pH, electrical 
conductivity(EC), organic compound(OC), Zinc, Copper, Phospho-
rous, Potassium, Manganese, Nitrogen, Ferrous and moisture con-

tent by suitable methods [7,8]. 
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Fig. 1- Location map of various sampling sites in Kodagu district of 

Karnataka (India) 

Pretreatment of Soil Samples 

Soil samples were pretreated by air-drying at room temperature for 
about 24-48 hours [9]. Further, to enrich the actinomycetes popula-
tion, one gram of each air dried sample was treated with 1% 
CaCO3 and incubated for 2-3 days in a closed inverted sterile Petri 

dish to maintain high related humidity [10]. 

Isolation and Enumeration of Actinomycetes  

Soil samples were subjected to serial dilution method on selective 
agar medium [11]. The selective medium such as Actinomycetes 
isolation agar medium (Difco, Hi-Media) composed of (g L-1) Glycer-
ol; Sodium propionate; Sodium casinate; KH2PO4; L-Aspargine; 
MgSO4.7H2O; FeSO4.7H2O; agar was used and pH of the medium 
was adjusted to 8.1. The sample was diluted (10-2 to 10-5) with ster-
ile distilled water and each agar plate was plated with 0.5 ml of 
dilutions of sample and incubated for 10 days at 28ºC. Typical acti-
nomycetes colonies appeared on the medium were selected based 
on morphology and sub cultured on Yeast Extract-Malt Extract Agar 
(ISP-2) [12] containing Nystatin (50µg ml-1) as antifungal agent [13] 
and incubated again at 28ºC for about 1-2 weeks. The pure cultures 
were maintained on Yeast Extract-Malt Extract Agar (ISP-2) slants 
at 4ºC and as a spore suspension and mycelium fragments suspen-

sion in 20%(V/V) glycerol at 20ºC for further studies.  

Screening for Antimicrobial Activity 

Isolated actinomycetes were screened for antimicrobial activity 
against test organisms by using perpendicular streak technique 
[14]. Colonies were streaked on the center of Modified Nutrient 
Glucose Agar [15] plates and incubated at 28ºC for 4 to 5 days, 
then the test microorganism was inoculated perpendicular to the 
Actinomycetes and plate was incubated at 37ºC for 24h for bacteria 
and at 28ºC for 48 hrs. for fungi. The zone of inhibition was deter-
mined using millimeter scale and expressed as percentage inhibi-

tion. 

Test Microorganisms 

The test organisms employed include Gram-positive Staphylococ-
cus aureus (MTCC 96), Bacillus subtilis (MTCC 121) and Gram- 
negative Escherichia coli (MTCC 729), Enterobacter aerogenes 
(MTCC 2829) and Aspergillus niger. All the test organisms used in 
this study were obtained from the Microbial Type Culture Collection 
(MTCC), Institute of Microbial Technology (IMTECH), Chandigarh- 

India, and A. niger was isolated and identified in Mycology Labora-

tory, Department of Studies in Botany, University of Mysore. 

Identification of Actinomycetes 

The cultural and morphological characteristics of each actinomy-
cetes was studied on Yeast Extract-Malt Extract Agar medium (ISP-
2) and Glycerol- Aspargine Agar (ISP-5) medium [12-16]. Colony 
characters such as shape, consistency, color of aerial and substrate 
mycelium and formation of diffusible pigments were considered. A 
microscopic characteristic of each isolate was also carried out by 
Grams staining method [17] and cover slip culture technique [16]. 
The nature of aerial and substrate mycelium, arrangement of spore 

chain (conidia and arthrospore) were also studied. 

Catalase test, Nitrate reduction, Starch hydrolysis, Citrate utiliza-
tion, Urea hydrolysis [18], Gelatin hydrolysis, Production of melanin 
pigmentation on Peptone - Yeast Extract Iron Agar (ISP-6) [19] and 
chemotaxonomic property contains analysis of isomers (2-6 dia-
minopimelic acid, DAP) in the whole cell hydrolysates by Thin Layer 
Chromatography technique [20] were studied as biochemical and 

chemotaxonomic characters for the identification. 

Statistical Analysis 

The correlation coefficient analysis between physico-chemical pa-
rameters of soil samples and total actinomycetes population (TAP), 
using Pearson’s correlation coefficient (PCC) was analyzed using 
statistical package SPSS. Frequencies of each genus of actinomy-
cetes were calculated for each site [Eq-1] and all studied areas [Eq-
2]. Richness [Eq-3] and diversity [Eq-4] of each genus were also 

calculated for all sites [21].  

(1) 

(2) 

(3) 

(4) 

S=number of genera in each site. 

Log n=total number of all individuals isolated in all sites. 

Results 

[Table-1] illustrates the total count of actinomycetes in each site and 
physico-chemical characteristics of soil. The serial dilution of soil 
samples showed that the population of actinomycetes ranged from 
9.6 × 103 to 1.2×103 CFU/g in soil samples collected from 15 differ-
ent areas of Kodagu district. The study revealed that Site 2 record-
ed highest counts of actinomycetes per gram soil followed by site 1 
and 11 respectively. However, site 5 and 9 recorded the lowest 
number of colony count per gram of soil. It was found that, there 
was correlation co-efficient between physico-chemical properties of 
soil and total actinomycetes population (TAP) [Table-1], [Table-2]. 
The higher counts of actinomycetes were recorded in site 2 with 
percent of organic carbon (r = 0.764; p < 0.05) and copper(r = 
0.900; p < 0.05). Percent of moisture content of soil studied was 
also positively correlated with actinomycetes counts (r= 0.956; p < 

0.05). 

Among 158 actinomycetes isolated from all studied sites, 65 (47%) 
isolates showed noticeable antimicrobial activities (at least against 
three test organisms) were selected and identified as genus: Mi-
cromonospora (26) (formed a single spore at the tip of sporophore 
on substrate mycelium) followed by Streptomyces (11) (formation of 
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long chain of spores); Nocardia (9) (Fragmented mycelium both in 
substrate and aerial); Actinomadura (7) (short chains of straight and 
open hooked chains); Rhodococcus (6) (mass of coccid structures); 
Nocardiopsis (4) (aerial mycelium totally sporulated with fragment-
ing substrate mycelium); Saccharomonospora (2) (single spore on 
unbranched aerial mycelium). All the isolates belonging to seven 
families such as Micromonosporacea, Streptomycetaceae, Nocardi-
aceae, Micrococcaceae, Thermonosporaceae, Nocardiopsaceae 
and Psedunocardiaceae respectively. The cultural, morphological, 
biochemical and chemotaxonomic properties of each actinomycetes 
isolates is presented in [Table-3]. The occurrence and distribution of 
these genera is also presented in [Table-4]. Frequencies of each 
genus in all samples collected from the studied area indicated that 
the frequency of the genus Micromonospora was 40% followed by 

Streptomyces (17%), Nocardia (14%), Actinomadura (11%), Rhodo-
coccus (9%), Nocardiopsis (6%) whereas the genus Saccharomon-
ospora showed low percentage of frequency (3%) [Fig-2]. The per-
centage frequency of bioactive actinomycetes genera in 15 studied 
areas in Kodagu district is presented in [Fig-3]. Among the genera 
recorded, Micromonospora was prevalent in most sites and site 2 
recorded the highest frequency percentage (64%). Beside Mi-
cromonospora, the frequency of genus Streptomyces varied from 
12.5 to 50%. The genus Nocardia recorded a range of frequency 
from 9 to 50%. Genus Actinomadura recorded the highest value of 
frequency in site 8 (60%). The genus Nocardiopsis and Rhodococ-
cus were recorded in frequencies ranging from (12.5 to 33%) and 
(17 to 50%) respectively. However Saccharomonospora was rec-

orded at low frequency percent which ranged from 0 to 3% [Fig-3]. 
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Table 1- Physico-chemical properties of different soil samples of Kodagu district 

The parameter N, P, K are expressed in kg/acrel; Fe, Mn, Cu are in ppm; moisture content in percent 

Table 2- Correlation Co-efficient between physico-chemical properties of soil samples and total actinomycetes population 

*Significant p < 0.05; Total actinomycetes population (TAP) 

Table 3- Phenotypic and biochemical characteristics of isolated actinomycetes 

+ Positive; - Negative; +/- Positive Negative; *meso-DAP = meso- Diaminopimelic Acid; L- DAP =L- Diaminopimelic Acid 

Collection area Total Actinomycetes count gm-1 soil pH OC N P2O5 K2O EC Zn Cu Mn Fe Moisture of soil 

Kushalnagar A 9.20×10 3 7.6 0.9 0.1 4 91 0.1 0.3 1.62 5.45 3.15 9 

Kushalnagar A 9.6×103 7.4 1.4 0.279 4 123 0.2 0.14 1.71 6.9 5.1 10 

Gonikoppa A 7.60×10 3 8 0.42 0.12 2.9 94 0.21 0.21 0.93 10.4 6.9 7.4 

Kushalnagar F 3.00×10 3 6.85 0.11 0.27 1.2 90 0.23 0.16 0.63 2.5 4.1 5 

Gonikoppa F 1.75× 10 3 7.6 0.1 0.69 3 93 0.2 0.11 0.39 3.1 4 4.1 

Kushalnagar-Kaveri niserghadama) F 2.10×10 3 7.9 0.1 0.16 4 63 0.3 0.19 0.43 6.8 7.5 4.15 

Madikeri F 2.15 ×10 3 7.8 0.1 0.14 5 96 0.28 0.136 0.54 12.3 7.91 5 

Madikeri F 3.85×10 3 8 0.11 0.1 2 83 0.15 0.33 0.63 10.1 8.34 5.35 

Gonikoppa F 1.2× 10 3 7 0.1 0.83 5 57 0.3 0.14 0.34 7.88 7.9 4 

Gonikoppa G 6.8×10 3 8.3 0.13 0.9 3 66 0.4 0.19 0.78 5.2 7.1 6.44 

Kushalnagar - Kaveri Nisarghadama G 8.3 × 10 3 7 0.74 0.12 2 73 0.1 0.3 1.57 8.94 7.39 8.2 

Madikeri G 4.80×10 3 8.5 0.12 0.14 7 75 0.2 0.23 0.74 1.64 7.11 6 

Gonikoppa A 8.10×10 3 7.9 0.57 0.64 4 80 0.1 0.2 1.51 11.8 5.43 8 

Madikeri A 7.52×10 3 7 0.28 0.8 2 69 0.3 0.3 0.91 2.13 11.7 6.6 

Madikeri A 6.75×10 3 8.2 0.13 0.4 3 64 0.2 0.4 0.76 6.08 10.1 6.4 

  pH OC N P2O5 K2O EC Zn Cu Mn Fe Moisture TAP 

pH 1                       

OC -0.244 1                     

N -0.16 -0.239 1                   

P2O5 0.444 -0.04 -0.084 1                 

K2O -0.93 0.612* -0.391 -0.26 1               

EC 0.061 -0.492 0.505 0.71 -0.337 1             

Zn 0.184 0.019 -0.238 0.291 -0.36 -0.366 1           

Cu -0.136 0.908** -0.221 -0.075 0.422 -0.609* 0.254 1         

Mn 0.129 0.163 -0.258 0.045 0.141 -0.251 -0.026 0.188 1       

Fe 0.086 -0.384 0.199 -0.07 -0.558 0.386 0.486 -0.299 0.059 1     

Moisture -0.17 0.899** -0.218 -0.052 0.468 -0.5 0.287 0.965** 0.156 -0.217 1   

TAP 0.048 0.764** -0.091 -0.165 0.273 -0.409 0.446 0.900** 0.065 -0.044 0.956** 1 

Sr. No. Characteristics Rhodococcus Streptomyces Nocardia Saccharomonospora Actinomadura Micromonospora Nocardiopsis 

Morphological 

1 Aerial mycelium - + +/- + +/- - + 

2 Substrate mycelium + + + + + + + 

3 Conidia - Long chain of spores +/- Single spore Short chain of spores Single spore + 

4 Gram staining + + + + + + + 

Biochemical  

1 Citrate utilization +/- +/- +/- +/- +/- +/- +/- 

2 Starch hydrolysis + + + + + +/- + 

3 Gelatin hydrolysis + +/- + + + + + 

4 Nitrate reduction +/- + +/- + + + + 

5 Urea  hydrolysis +/- +/- + +/- - +/- + 

6 Melanin production - + - - - - - 

Chemotaxonomic  

1 DAP isomer meso-DAP* L-DAP* meso-DAP meso-DAP meso-DAP meso-DAP meso-DAP 
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Table 4- The total count of actinomycetes and occurrence of genera isolated from soil samples of Kodagu region. 

Agriculture field (A); Grass land (G); Forest (F) 
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Sr. 
No. 

Collection area 
Actinomycetes Total Actinomycetes 

count gm-1  Micromonospora Streptomyces Nocardia Actinomadura Rhodococcus Nocardiopsis Saccharomonospora 

1 Kushalnagar A 9.2× 10 3 + + + + + - - 

2 Kushalnagar A 9.65×10 3 + + + + - - - 

3 Gonikoppa A 7.60×10 3 + + - - + - + 

4 Kushalnagar  F 3.0×10 3 + + - - + - - 

5 Gonikoppa  F 1.75×10 3 - + + - - - - 

6 Kushalnagar- Kaveri niserghadama) F 2.10×10 3 + - + - - - - 

7 Madikeri F 2.15×10 3 + - - - + - - 

8 Madikeri F 3.85×10 3 + + - + - - - 

9 Gonikoppa F 1.2×10 3 + + - - - - - 

10 Gonikoppa G 6.80×10 3 + - - + - + - 

11 Kushalnagar - Kaveri Nisarghadama G 8.3×10 3 + + + + - + - 

12 Madikeri G 4.80×10 3 + - + - + - - 

13 Gonikoppa A 8.10×10 3 + + - - + + - 

14 MadikeriA 7.52×10 3 + + + - - - - 

15 Madikeri A 6.75×10 3 + + - - - - + 

Fig. 2- Percent Frequency of actinomycetes genera from soil sam-

ples of Kodagu district 

Fig. 3- Actinomycetes Frequency in 15 studied areas of Kodagu 

district 

Diversity and richness of actinomycetes genera isolated from col-
lected samples, gave an idea about the distribution of actinomy-
cetes in all the study area. Site 1 and 11 recorded the highest value 
for genera richness and 5, 6, 7 and 9 revealed lowest in its value. 
Value of richness increased with the increase of organic carbon, 
copper and moisture content of soil [Table-1], [Table-4]. Generic 

diversity was found to be proportionate with genera richness [Fig-4]. 

Among 158 actinomycetes isolated from all sites, 138 (87.34%) 
isolates showed antimicrobial activity against one or more test or-

ganisms upon primary screening. Among these, 36(26.08%) iso-
lates positive were active against Gram-positive bacteria, 15 
(10.87%) against Gram-negative bacteria, 87(63.04%) against both 
Gram-positive and Gram-negative bacteria respectively. In general, 
among 138 selected isolates screened, 112(81.15%) showed activi-
ty against Staphylococcus aureus, 86(62.31%) against Bacillus 
subtilis, 64(46.37%) against Escherichia coli, 72 (52.17%) against 
Enterobacter aerogenes, 30(21.73%) against Aspergillus niger re-

spectively [Fig-5]. 

Fig. 4- The richness and diversity of common genera of actinomy-

cetes in Kodagu district  

Fig. 5- Number of actinomycetes from soil of Kodagu district show-

ing antimicrobial activity by primary screening 
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Discussion 

Actinomycetes have been intensively surveyed in several underex-
plored environments, niche or extreme habitats in various parts of 

the world in the last few decades. Some works on the diversity of 
actinomycetes have been reported from different habitats around 

the world [6,22-26]. Due to large geographical demonstration there 
is also variation in soil type and their content. Hence, it is quite likely 

that the distribution of antibiotic producing actinomycetes is also 
variable. The results described in this paper are based on isolation, 

screening and identification of diverse antimicrobials producing 
actinomycetes of soil collected from different areas of Kodagu. The 

study revealed that, there was correlation co-efficient between 
physico-chemical properties of soil and total number of actinomy-

cetes population (TAP) in the soil samples and further revealed 

about the actinomycetes occurring in high population especially in 
sites with high percentage of moisture, organic carbon and Copper 

[6,23-27]. This finding is confirmed that the actinomycetes popula-
tion and distribution dynamics are often influenced by the physico-

chemical parameters and available nutrients in the ecosystem [26]. 
All the soil samples had pH neutral to slightly alkaline which could 

be responsible for actinomycetes survival and were propagation 
[23]. Good number of isolates were obtained from different soil 

samples of Kodagu district. A total of 158 actinomycetes were iso-
lated and screened for antimicrobial activity. The results of primary 

screening revealed that the most of the isolates were effective 

against Gram- positive bacteria (Staphylococcus aureus and Bacil-

lus subtilis) than Gram- negative bacteria (Escherichia coli and 

Enterobacter aerogenes) respectively. The purpose of primary 
screening was to evaluate the antagonistic isolates of actinomy-

cetes against test organisms for their antimicrobial properties. Out 
of 158 actinomycetes isolated, 65(47%) isolates showed significant 

antimicrobial activities (at least against three test organisms) were 
identified. Seven actinomycetes genera were recovered from differ-

ent soil samples of Kodagu district. The study found that, several 

non Streptomycetes genera (rare actinomycetes) such as Mi-

cromonospora, Nocardia, Rhodococcus, Actinomadura, Nocardi-
opsis, Saccharomonospora beside Streptomyces were isolated 
[25,26]. The investigation also showed that the majority of soil bio-

active isolates were Micromonospora and site 2 recorded the high-

est frequency percentage. Occurrence of Micromonospora was 
highly correlated with moisture content of soil from which it was 

isolated. This finding is in confirmation with the results by other 

investigators [23,28-29]. Apart from Micromonospora, the genus 
Streptomyces was the second bioactive genera frequently ap-

peared on medium used for isolation. The dominance of Streptomy-
ces among actinomycetes genera especially in soils has also been 
reported by many researchers [23-29]. Diversity and richness of 
bioactive genera isolated from collected soil samples, gave an ac-

countability about the distribution of actinomycetes in all the study 
areas. Variation in the distribution of actinomycetes, frequency, 

richness and diversity of genera of actinomycetes indicated that 
edaphic factors in combination with other environmental properties 

play an important role in creation of specific niches for survival and 
preservation of actinomycetes in these regions.  

Conclusion  

The present study indicated that, Kodagu region of Karnataka state 
posses diverse groups of antibiotic producing actinomycetes and 

could be potential sources of bioactive antibiotics. 
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