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A total of 160 isolates of marine actinomycetes were isolated from the sediment samples drawn from mangroves, 
estuary, sand dune, and industrially polluted coast. Of these, mangrove sediments were rich sources of marine 
actinomycetes. Each isolate was tested against four phytopathogenic fungi, viz. Rhizoctonia solani, Pyricularia oryzae, 
Helminthosporium oryzae (causing sheath blight, blast and leaf spot diseases of rice) and Colletotrichum falcatum (causing 
red rot disease of sugar cane). About 51% of isolates were found effective against H. oryzae and P. oryzae, 31% against R. 
solani, and 12.5% against C. falcatum. Of 160 isolates, 10 showed a potent activity against all the fungi tested. These 
isolates appeared to produce high antifungal compounds at 120 hrs of incubation period of production medium culture. 
Glucose and soybean meal were the best carbon and nitrogen sources, respectively and 17.5 ppt was the best salinity level 
for maximum antibiotic production. Cylinder plate method was found better for antifungal assay than the disc diffusion 
method. Based on the morphological and culture characteristics, the potent strains were identified as the species belonged to 
the genus Streptomyces. These strains may prove to be the potent source for isolation of agrobased fungicides. 
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Introduction 
 Fungal diseases in agriculture crops pose a great 
challenge. The currently used fungicides are either 
less effective or of great environmental concern1-3. 
Hence, it is necessary to develop environmentally 
safer and potent fungicides of natural origin. 
Microbial metabolites have been expected to 
minimize the deleterious side effects caused by 
synthetic fungicides4. In this regard, actinomycetes 
deserve to be studied, as they are known to produce 
potent antibiotics. Compared to terrestrial species, 
marine actinomycetes are important sources of novel 
antibiotics5,6 (Newman et al, l989; Okami, 1986). The 
actinomycetes found in the marine and coastal 
ecosystems may be viewed as a rich gene pool 
possibly containing isolates capable of producing 
useful metabolites6,7. However, only few attempts 
have been made out to isolate marine actinomycetes 
especially for their antifungal activity8-15. In the 
present study, the isolated actinomycetes from marine 
samples have been tested against four fungal 
pathogens that cause economically important diseases 
in crops, like rice and sugarcane, to identify potent 
antagonistic strains. 

Materials and Methods 
 
Collection of Samples 
 Sediment samples were collected in sterile vials 
from the industrially polluted marine environment of 
Cuddalore; the sand dune vegetation of Spinifex; the 
Vellar estuary of Porto Novo; and from the mangrove 
vegetation that exists along the Indian coastline in the 
Gulf of Kutch (Gujarat), Kalpadevi, Narayanamali 
(Ratnagiri, Maharashtra), Charo Island (Goa), 
Kundapur (Karnataka), Kumarakam (Kerala), 
Poomarichan Island, Manoli Island (Gulf of Mannar, 
Tamilnadu), Muthupet (Tamilnadu), Pichavaram 
(Tamilnadu), Kakinada Bay (Andhra Pradesh), 
Bhitarkanika (Orissa), and Sundarbans (West Bengal). 
 
Isolation of Marine Actinomycetes 
 The sediment samples collected were air-dried for 
one week and kept at 45°C for 1 hr to minimize the 
bacterial contaminants. About 1 g of sample was then 
transferred to an Erlenmeyer's flask containing 99 ml 
of sterile 50% seawater. The sediment suspension was 
further diluted to 10–5 dilution level. One ml of the 
diluted suspension was spread over the surface of 
starch-casein agar medium16 prepared in 50% 
seawater to enhance the isolation of marine 
actinomycetes. The pH of the selected media used 
was adjusted to 7.2. To prevent the fungal and 
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bacterial contaminants, cycloheximide (100 mg/l) and 
nalidixic acid (20 mg/l) were added to the medium. 
The Petri plates were then incubated at 28±2°C and 
the colonies were observed from 5th day onwards for 1 
month. Strains of marine actinomycetes were picked 
out and purified by repeated streaking on yeast 
extract-malt extract agar (ISP 2) medium. The pure 
cultures of the actinomycetes were transferred to ISP 
2 slants and preserved at 4±2°C. 
 Phytopathogenic fungi, viz. Rhizoctonia solani, 
Pyricularia oryzae, Helminthosporium oryzae 
(causing sheath blight, blast and leaf spot diseases of 
rice), and Colletotrichum falcatum (causing red rot 
disease of sugarcane), isolated from the diseased crop 
plants, were used as test fungi. These pathogens were 
obtained from the Department of Plant Pathology, 
Faculty of Agriculture, Annamalai University and 
maintained on potato dextrose agar medium. 
 
Screening of Actinomycete Isolates for Antifungal Activity 
 
Primary Screening 
 A modified ‘cross-streak’ method was used for the 
primary screening of actinomycete isolates16. Yeast 
extract-glucose agar plates were inoculated at the 
center with a 5 mm plug of the actinomycete isolate to 
be tested. The plates were incubated at 28±2°C for 5 
days. Five replicates were made for each of the 
actinomycete isolates. After 5 days of incubation, 4 
mm plugs of four-day-old cultures of R. solani, P. 
oryzae, H. oryzae and C. falcatum were ‘cross-
plugged’ 15 mm away on either side to the original 
plug of actinomycete isolate. The control plates were 
also maintained with cultures of test fungi without the 
actinomycete isolates. The plates were then incubated 
at 28±2°C and the inhibition zone of fungal growth, if 
any, was measured at 72 hr. From this screening, 
strains of high antifungal activity were selected. 
 
Secondary Screening 
 The selected isolates were further tested in the 
secondary screening by shake flask studies12,17 to 
confirm their antifungal activity. The spore 
suspension of the selected isolates were inoculated 
into soybean medium and kept in a shaker. After 96 
hrs, the culture broth was separated from the 
mycelium by centrifugation at 5000 rpm and tested 
for antifungal activity by the paper disc method. 
 Spore suspensions of 4-day-old cultures of the test 
fungi growing in potato dextrose medium were 
prepared. The concentration of the spore suspension 
was adjusted to 106 spores/ml. About 0.1 ml of the 

spore suspension was then inoculated on potato 
dextrose agar medium in Petri plates. The sterile 
paper disc impregnated with 0.1 ml of the culture 
filtrate of the each strain was placed in the centre of 
the agar plate and incubated at 28±2°C for 48 hrs. The 
diameter of the inhibition zone for each strain was 
recorded. Five replicates were maintained for each 
treatment. 
 
Optimization of Cultural Conditions for Antifungal Activity  
 Modified method of Sambamurthy & Ellaiah18 was 
used. To study the influence of incubation period, the 
culture was maintained in the production medium for 
up to 7 days. The broth drawn at 48, 96, 120 and 168 
hrs was tested for antifungal activity. To study the 
influence of carbon and nitrogen sources on the 
antifungal activity, different carbon sources, viz. 
glycerol, glucose, lactose and maltose each at 1% of 
the production medium separately were used, and 
different nitrogen sources, namely soybean meal, 
yeast extract, malt extract, peptone and sodium nitrate 
each at 1% of the production medium were used 
separately. The broth drawn at 120 hrs of incubation 
was tested for antifungal activity.  
 
Salinity Induced Antifungal Activity  
 Fresh spores of Streptomyces spp. were inoculated 
into the medium and shaken in a rotary shaker. After 
two days, inoculated medium was incorporated at 
10% into the production medium containing different 
salinities, viz. 0, 5, 17.5 and 35 ppt. The culture was 
kept in a shaker for 5 days. The cultured broth was 
taken for antifungal assay by measuring the inhibition 
zone. 
 
Antifungal Assay Systems 
 The culture broth from the production medium was 
extracted with ethyl acetate at pH 7.0 and 
concentrated in a vacuum rotary evaporator. The 
extract was tested against fungal strains by disc 
diffusion method and/or cylinder plate (well) method. 
In the former method, filter paper disc was dipped one 
time or two times in the extract and tested. In the 
second method, the extract was taken in a well with 
dimension of 3 mm diam and 3 mm depth on the 
potato dextrose agar medium contained in Petri 
dishes. The diameter of the inhibition zone was 
measured after 48 hrs. 
 
Identification of Marine Actinomycetes 
 The 10 isolates found to be potent antagonists were 
identified based on the following characteristics, viz. 
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aerial mass colour, melanoid pigment, reverse side 
pigment, spore chain morphology and assimilation of 
carbon sources, and also by comparing the 
characteristics with the keys given by Nonomura19 
(l974). 
 
Results and Discussion 
 
Actinomycetes from Marine Samples 
 As other reports have recorded the occurrence of 
actinomycetes in the sediment of marine and estuarine 
environments, in the present study also, high numbers 
of actinomycetes were isolated. A total of 160 isolates 
were obtained from different marine sediment 
samples (Table 1). The maximum number of isolates 
was obtained from the coastal mangrove sediments 
and the minimum from industrially polluted coastal 
samples, which cannot be attributed to the difference 
in number of samplings as it was maintained constant. 
Thus, the mangrove sediments can be a potential 
source for isolating diversified marine actinomycetes, 
rather than other marine samples. This might be due 
to the favourable niche of the mangrove habitat that 
provides nutrients for saprophytic actinomycetes. 
About 100 strains were isolated from a mangrove 
stand of Morib, Selangor, Malaysia in an earlier 
study12. Patil et al14 also isolated a total of 133 
actinomycetes out of 129 marine sediment samples 
from Tuticorin coast in Southeast coast of India. 
However, the samples yielded high number of 
antagonistic actinomycetes in polluted sites followed 
by mangrove swamps. The high incidence of 
antagonistic actinomycetes in the polluted sites was 
attributed to the discharge of domestic sewage by the 
fishermen community living nearby. Thus, a 
relationship between the high incidence of 
actinomycetes and the polluted environments has 
been established20. Contrary to the above report, the 
polluted marine sediments provided less actinomycete 
isolates in the present study. This might be due to the 
industrial pollutants that are deleterious to the 
actinomycetes existing in the polluted samples. 

Antifungal Activity of Marine Actinomycetes  
 The antifungal activities of marine actinomycetes 
against four phytopathogenic fungi in the primary 
screening are presented in Fig. 1. The isolates termed 
as ‘effective’ showed inhibition zone of >10 mm, and 
those as ‘non effective’ exhibited inhibition zone of 
<10mm. Of 160 isolates screened, about 51% were 
effective against H. oryzae and P. oryzae. Moderate 
percentage of strains (about 31%) was found 
antagonistic against R. solani. Only 12.5% of strains 
were effective against C. falcatum. Earlier, the 
antifungal activity of marine actinomycetes have also 
been reported from India and abroad8,9,12,21-23. These 
reports strongly suggest that marine sediments can be 
the potent source of antifungal compounds.  
 Of the effective isolates, only 10 strains were 
selected for the secondary screening, based on their 
wide spectral activity against all the four fungi tested. 
The results are given in Table 2. Only one strain (RHI 
1) showed the highest inhibition zone of >20 mm 
against all the four fungi tested. Four strains (RH 1, 
MP 1, MIII 1, SEA 5) exhibited inhibition zone of 
>20 mm against H. oryzae and P. oryzae. Other 
isolates exhibited moderate activity. 

 
 
Fig. 1—Percentage of antagonistic actinomycetes, of the 160 
isolates tested against phytopathogenic fungi in the primary 
screening. 
 

Table 2—Antifungal activity of selected actinomycetes in the 
secondary screening 

 
Inhibition zone (mm) No. Isolate 

No. H. oryzae C. falcatum R. solani P. oryzae
 

1 RH 1 20 27.5 20 25 
2 MP 1 20 11 15 22 
3 MIII 1 22 11 12 20 
4 MI 1 9 5 10 11 
5 SEA 5 21 10 14 21 
6 BC 3 11 6 11 12 
7 BC 1 7 5 5 7 
8 SD 3 9 3 9 7 
9 AN 1C 15.5 12 10 13.5 
10 AN 1CR 10.5 11.5 12 13.5 

Each value is an average of 5 replicates and the values between 
strains/test fungi are significant at 5% 
 

Table 1—Isolates obtained from different marine samples 
 

No. Type of marine sample No. of 
isolates 

 
1 Mangrove sediments around the coastline 118 
2 Estuarine sediment, Vellar estuary 29 
3 Soil around sand dune plant (Spinifex sp.) 

in Porto Novo 
8 

4 Industrially polluted marine sediment, 
Cuddalore 

5 
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Antifungal Activity Influenced by Incubation Period 
 The potent strains were incubated in the broth 
culture for its production of antibiotics at different 
incubation periods of 48, 96, 120 and 168 hrs. The 
broth was then extracted in ethyl acetate and tested 
against the test fungus F. solani. The results are 
shown in Fig. 2. For all the cultures, it was observed 
that inhibition zone was increased with the increase in 
incubation period in the production medium and a 
maximum inhibition was achieved for cultures 
incubated at 120 hrs. However, further increase in 
incubation period (at 168 hrs) showed a declining 
trend in inhibition zone. 
 
Antifungal Activity Influenced by Carbon and Nitrogen 
Source 
 Of the nitrogen sources, viz. soybean meal, yeast 
extract, malt extract, peptone and sodium nitrate, 
soybean was found to be the best (Fig. 3). Of the 
carbon sources, viz. glycerol, glucose, lactose and 
maltose, glucose was found to be the best (Fig. 4).  
 
Salinity Effect on Antifungal Activity  
 Among the various salinity levels tested, 17.5 ppt 
showed the highest antifungal activity against all the 
test fungi, followed by 5 ppt (Table 3). However, 30 
ppt showed the least antifungal activity.  
 
Antifungal Activity under Different Methods 
 The results of antifungal activity under different 
systems are shown in Fig. 5. The best antifungal 
 

 
 

Fig. 2—Influence of incubation period on antifungal activity of 
marine actinomycete strains (BC 1, BC 3, SD 3, AN 1C, AN 
1CR) against Fusarium solani. 

 
 

Fig. 3—Influence of various nitrogen sources on antifungal 
activity of Streptomyces fradiae against Collectotrichum falcatum. 

 

 
 
Fig. 4—Influence of various carbon sources on antifungal activity 

of Streptomyces fradiae against Collectotrichum falcatum. 

 

 
 
Fig. 5—Influence of various assay systems on antifungal activity 

of Streptomyces fradiae against five phytopathogenic fungi 

Table 3—Salinity induced antifungal activity of the marine actinomycete strain (RH 1) 
 

Salinity 
(ppt) 

Fusarium solani 
(IZ in mm) 

R. solani 
(IZ in mm) 

C. falcatum 
(IZ in mm) 

H. oryzae 
(IZ in mm) 

P. oryzae 
(IZ in mm) 

 
0 9 10 10 12 12 
5 14 16 15 17 17 

17.5 16 16 18 17 18 
35 12 14 14 13 14 

Each value is an average of 5 replicates and the values between salinity and/test fungi are significant at 5% 
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assay system was cylinder plate method. This showed 
consistently higher activity in all the cases than the 
disc diffusion method with single or double dips. 
However, double dip was better than single dip disc 
diffusion method.  
 
Identification of Strains 
 The 10 antagonistic isolates of marine 
actinomycetes were identified as different species of 
the genus Streptomyces However, one Streptomyces 
sp. could not be identified and is under further 
investigation. The characteristic features of the 
isolated species are given in Table 4. Most of the 
species have white colour mycelium and their reverse 
side colour of cultures was yellow as none of them 
produced melanin pigments. Vanajakumar et al24 have 
also reported that white colour series of actinomycetes 
were the dominant forms, followed by the grey, 
yellow and red colour series. These different colour 
series were also recorded in soil, marine and river 
sediments25-27. In the present study, the isolates belong 
to green or blue colour series failed to show potent 
antagonistic properties against the test fungi. The 
strains also varied in the utilization of carbon source 

(Table 4). Two strains (AN 1C, AN 1CR) utilized 
only glucose, while others utilized several sugars. 
Strain SD 3 utilized eight sugars except raffinose, 
which was utilized only by MI 1. Likewise, sucrose 
was utilized only by SD 3. 
 So far, only few active compounds isolated from 
actinomycetes are known to be the potential 
biopesticides with broad spectral activity10 but they 
are not yet available in the market. In this context, 10 
strains of Streptomyces selected in the present study 
have shown considerable antifungal activity against 
the economically important pathogens of rice and 
sugarcane. Therefore, these strains may be taken up 
for further investigation and to characterize the active 
compounds for agrochemical uses.  
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Table 4—Isolates of marine actinomycetes identified and their characteristic features 
 

Isolate 
code 

Name of species 
identified as per 
Nonomura19 key 

Colour of aerial 
mycelium, melonoid 
pigment, reverse side 
colour 
 

Spore chain, spore surface, 
growth 

Source of carbon assimilated 

RHI 1 Streptomyces fradiae  Pink, nil, yellow to brown, Retinaculum-Apertum, 
smooth, good 

Arabinose, glucose 

MP 1 Streptomyces 
roseolilacinus  

Pink, nil, white to brown  Spirals-Spira, smooth, good Arabinose, glucose 

M III 1 Streptomyces helvaticus  White, nil, yellow  Straight-Rectus, smooth, 
good 

Arabinose, glucose, xylose 

M I 1 Actinomyces 
auriomonopodiales  

White, nil, yellow Straight-Rectus, smooth, 
good 

Arabinose, fructose, inositol, 
mannitol, raffinose,glucose, 
xylose 

SEA 5 Streptomyces 
albidoflavus  

White, nil, pale yellow to 
black 

Variable flexible-Flexibilis, 
smooth, good 

Arabinose, fructose, 
mannitol, glucose, xylose 

BC 3 Streptomyces orientalis  White, nil, pale yellow Open loops-Retinaculum -
Apertum, smooth, good 

Arabinose, fructose, inositol, 
mannitol, rhamnose, glucose, 
xylose 

BC 1 Srteptomyces 
roseiscleroticus  

Black to white, nil, pale 
yellow to white  

Spirals-Spria, smooth, good Arabinose, fructose, 
mannitol, rhamnose, glucose, 
xylose 

SD 3 Streptomyces 
sclerotialus  

White, nil, light-yellow to 
white 

Spirals-Spira, smooth, good Arabinose, fructose, inositol, 
mannitol, rhamnose, sucrose, 
glucose, xylose 

AN 1C  Streptomyces galtieri  White, nil, white, nil Straight Rectus, smooth, good Glucose 
AN 1CR Streptomyces sp. White, nil, white Straight Rectus, smooth, good Glucose 
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