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ABSTRACT

Objective: This study was conducted to evaluate the antifungal activity of actinomycetes.

Methods: The cross-streak plate method and agar well methods were used for the screening of actinomycetes for determination of antifungal activity 
of actinomycetes against phytopathogens of the soybean crop.

Results: A total of 80 strains of actinomycetes were isolated from the soils of different habitats of Chambal region, Madhya Pradesh, evaluated for 
their ability to inhibit plant pathogens, i.e., Macrophomina phaseolina, Fusarium oxysporum, Colletotrichum truncatum, and Rhizoctonia solani in vitro. 
Entire isolates were screened for their antifungal activity by agar well method against phytopathogenic fungi. After screening, out of these, only one 
actinomycetae ACITM-1 showed antifungal activity against M. phaseolina, F. oxysporum, R. solani, and C. truncatum.

Conclusion: This study proves that actinomycetes isolated from soil have good antifungal activity against the fungal pathogens of the soybean crop.
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INTRODUCTION

Most of the actinomycetes described are soil micro-organisms and are 
active in the decomposition of plant tissue, and thereby in the recycling 
of carbon and nitrogen [1]. Actinomycetes are diverse group of Gram-
positive bacteria that usually grow by filament formation. They belong 
to the order actinomycetales [2]. They are free-living, saprophytic 
bacteria, and a major source for the production of antibiotics [3], 
widely distributed in natural and manmade environments and play 
an important role in the degradation of organic matter [4,5]. Micro-
organisms are virtually unlimited sources of novel compounds with 
many medicinal and agricultural applications. Actinomycetes, among 
them, hold a prominent position due to their ability to produce 
numerous different metabolites such as antibiotics, enzymes, and 
inhibitors [6]. Actinomycetes are known to be greatest sources of 
bioactive metabolites [7].

Fungal phytopathogens pose serious problems worldwide in the 
cultivation of economically important plants. In addition, many also 
produce mycotoxins, which are harmful to humans and livestock. 
Biological control has been described as a nonhazardous strategy to 
reduce crop damage caused by plant pathogens when compared to 
the exclusive use of the chemical control of plant diseases. Thereby, 
reducing the use of agrochemicals and also maintains the crop 
productivity without damage to the ecosystem. Several rhizospheric 
bacteria and actinomycetes are used as biological control agent. 
They have provided many important bioactive compounds of high 
commercial value and continue to be routinely screened for new 
bioactive compounds. Therefore, actinomycetes hold a prominent 
position due to their diversity and proven ability to produce new 
compounds.

METHODS

Collection of soil samples
Soil samples were collected from different sites such as garden, 
agricultural field, playground, and poultry farms. Soil samples were 
carefully taken with spatula down to a 10 cm depth into the soil. The 
samples were stored in sterile plastic bags then labeled and stored at 

4°C until use. All the samples were dried at room temperature before 
isolation.

Isolation of actinomycetes
Actinomycetes were isolated by serial dilution technique on different 
media such as starch casein agar (SCA), soil extract agar, International 
Streptomyces Project medium, nutrient agar, glycerol asparagine agar, 
starch agar, yeast extract malt extract agar, actinomycetes isolation 
agar media, and incubated for 6-7  days at 30°C [8]. The isolated 
actinomycetes culture were further purified on respective fresh media 
and stored in biochemical oxygen demand incubator for further use.

Isolation of test phytopathogens
The fungal pathogens Rhizoctonia solani, Fusarium solani, 
Macrophomina phaseolina, Sclerotium rolfsii, and Colletotrichum 
truncatum were isolated originally from different naturally diseased 
plant leaves collected from different soybean agricultural fields in 
Gwalior. The isolated fungi were grown on potato dextrose agar (PDA) 
plates and incubated at 28°C for 4-6 days. Detected isolates were then 
transferred into slant of PDA and kept at 4°C for further studies. Pure 
cultures of the isolated fungi were identified according to the cultural 
properties, morphological, and microscopical characteristics of each 
fungus [9-11].

Screening for antifungal activity of actinomycetes
Among 80 isolated actinomycetes, only one actinomycete (ACITM-1) 
was selected on the basis of screening. All isolates were screened for 
their in vitro antifungal activity against pathogenic fungi. The screening 
was done on the basis of the primary and secondary method. Primary 
screening was done by the cross-streak plate method [12]. In this 
method, first prepared the PDA media and poured into the plate then 
transferred the fungi at the corner of the plate and put actinomycetes at 
another corner of the plate and incubated it for 4 days at 37°C [13,14].

Secondary screening was done by the well agar diffusion method. In 
this method, two different types of media were prepared, i.e.,  starch 
casein broth and PDA then selected ACITM-1 were inoculated into two 
flasks of starch casein broth. Flasks were incubated for 5 days in orbital 
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shaker then prepared the PDA media and made two wells in each plate 
using well cutter and each well was loaded with 150 µl of starch casein 
broth in the wells and put all tested fungi in each plate. Plates were 
incubated for 6-7  days at 25°C. A  dead zone was formed around the 
well [15].

Cultural, morphological and biochemical characteristics of 
actinomycetae (ACITM-1)
Cultural characteristics such as color of aerial mycelium, color of 
substrate mycelium, and pigmentation of the selected actinomycetes 
isolates were recorded on starch agar medium and SCA medium. Gram-
staining was done for morphological characterization [16,17].

Biochemical characterization
After preliminary studies, the isolate which was found to be positive 
was selected for biochemical studies. Biochemical tests generally 
used were gelatin hydrolysis, starch hydrolysis, acid production from 
different sugars, hydrogen sulfide production test, motility test, citrate 
utilization test, indole test, methyl red test, Voges-Proskauer test, and 
catalase test [18-20].

Molecular characterization and phylogenic analysis
The selected isolate ACITM-1 was subjected for 16S rRNA molecular 
sequencing. The genomic DNA was isolated, extracted, and amplified using 
high fidelity PCR. PCR product was sequenced bi-directionally using the 
16S primers. The 16s rRNA gene fragment was amplified using universal 
primers (forward primer-5’-GCCTAACACATGCTGG-5’ and reverse 
primer-5’-GTATTACCGCGGCTGCTGG-5’) analyzed by performing basic 
local alignment search tool (BLAST) search tool. The cluster omega was 
used for phylogenetic and molecular evolutionary analysis [21,22].

RESULTS

Isolation and screening of actinomycetes
Out of 80 isolated actinomyecetes only actinomycete, ACITM-1 was 
selected which produced secondary metabolite against phytopathogenic 
fungi. The maximum and fast growth of selected actinomycetes were 
found on SCA media (Table 1).

Cultural, morphological, physiological, and biochemical 
characteristics of isolates
Morphological and biochemical characterization
Based on morphological and biochemical characteristics as shown 
in Tables 2-4, isolate ACITM-1 was to be closely related to be genus 
Streptomyces. This Gram-positive organism has of gray aerial mycelia 
and white substrate mycelium. When observed under the scanning 
electron microscope (SEM) appeared rod-like structures (chains of 
cells) and often branched to form a network of filaments (mycelium), 
smooth surface of the spore (5 µm in length) developed on the terminal 
of the aerial mycelium (Figs. 1 and 2).

Molecular identification and phylogenic analysis
The 16S rRNA gene sequences from strains closely related to 
Streptomyces sp. were retrieved from the GeneBank database using 
BLAST. The phylogenetic tree in Fig. 3 shown that Streptomyces ACITM-1 
formed a close distinct line with clade encompassed by Streptomyces 
chilikensis strain.

Determination of the antifungal activity
The antifungal activities of the actinomycetes isolate against fungal 
pathogens were showed in Table 4. This study showed that the ACITM-1 
isolate has good antifungal activity against M. phaseolina, F. oxysporum, 
R. solani, and C. truncatum, respectively, whereas there was no activity 
against S. rolfsii (Table 5).

DISCUSSION

Very few studies of isolating actinomycetes with antimicrobial potential 
have been reported from this part of the world, of which actinomycetes 

with antagonistic potential were collected mainly from Gwalior-
Chambal region. Total 80 actinomycetes from the soil of different areas 
of this region were isolated. All actinomycetes screened for antifungal 
activity against R. solani, F. solani, M. phaseolina, C. truncatum, and 
S.  rolfsii. Kumar and Kannabiran (2010) used different media for 
isolation of actinomycetes, and among the three different media, the 
SCA was proved to be effective for isolation [23]. In total, 7 different 
media were used in this study for the isolation of actinomycetes, among 
them the SCA proved to be very effective in isolation of actinomycetes 
when compared to other media.

Screened isolate had inhibition zones of 0-22  mm against the fungal 
pathogens of soybean. The ACITM-1 isolate was shown to be the most 
inhibitive to M. phaseolina. The Gram-staining was performed for the 

Fig. 1: Microscopic view of actinomycetes under ×100 resolution

Fig. 3: Phylogenic tree based on 16s rRNA gene sequence showing 
relationship between ACITM-1 and related members of the genus 

Streptomyces

Fig. 2: Scanning electron  microscopy of actinomycetes (ACITM-1)
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morphological view which conformed the spore chain formation of 
actinomycetes and the spore chains were spiral type and each had 
more than 15 spores per chain which was observed by Augustine, 
et  al. [24] and the SEM confirms the smooth spore chain formation 

colonies of actinomycetes [25]. The morphological, physiological, and 
biochemical characteristics of ACITM-1 classified it into Streptomyces 
spp. The 16S rRNA gene sequence classified ACITM-1 as S. chilikensis. 
Many researchers have shown that Streptomyces spp. produce 
valuable bioactive metabolites with broad spectrum activities such as 
antibacterial, antifungal, antibiotic, antiparasitic, antitumor, antiviral, 
insecticidal, and herbicidal [26,27]. Future studies are needed to 
characterize the secondary metabolites of ACITM-1 isolate and its 
antagonistic mechanisms to fully extend its potential as a biocontrol 
agent for phytopathogens of glycine max and other plant pathogens.

CONCLUSIONS

The present research was that actinomycetes showed significant 
antagonistic activities against important phytopathogenic fungi of 
soybean and reported the first time from soil of chambal region. It is 
suggested that further studies on actinomycetes present in the chambal 
region’s soil could provide novel species as well as novel bioactive 
compound. It has been observed that the isolated actinomycete 
has inhibited the growth of four test phytopathogenic fungi. It is 
expected that the current attempt of isolation, characterization and 
the study on soil actinomycetes may be useful for identification of 
new antibiotics effective against challenging pathogens. Thus, these 
promising actinomycetes isolate obtained from the present study 
may be commercially formulated as effective biocontrol agents for the 
management soil-borne fungal pathogens of soybean. These isolates 
were further selected for interaction studies between pathogen in vivo 
under field conditions for effects on plant growth performance, disease 
incidences and induction of systemic resistance in soybean.
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