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Abstract
Rice, a staple food crop worldwide, suffers devastating yield losses as a result of blast disease caused by Magnaporthe oryzae 
Cav. The adverse effects of chemicals on the environment are rising concerns for sustainable and eco-friendly approaches. The 
use of antagonistic microbes for the management of rice blast appears to be a sustainable solution to this challenge. Herein, 
we isolated 20 Streptomyces strains from rice rhizosphere, among which the isolate STR-2 exhibited maximum inhibition of 
mycelial growth of M. oryzae accounting for 50% reduction over control. The isolate STR-2 was identified as S. chrestomyceti-
cus through 16S rRNA gene sequencing. In vitro tests demonstrated its ability to produce antifungal and bioactive compounds 
and also synthesize siderophore, IAA, and phosphate-solubilizing agents, thereby promoting plant growth upon inoculation 
on rice seeds. GC–MS analysis showed the presence of volatiles, antifungal, antimicrobial, and antioxidant compounds with 
different retention times. The crude antibiotic extract of 0.5% of S. chrestomyceticus STR-2 reduced the mycelial growth of 
M. oryzae over the control. Application of talc-based formulation of Streptomyces chrestomyceticus STR-2 resulted in the 
least disease incidence (15.89%) with the highest disease reduction of 65.26% over untreated control under field condition. 
These findings indicate the potential of S. chrestomyceticus as a potential bio-inoculant against rice blast disease.

Introduction

Rice (Oryza sativa) is the most valuable staple food crop for 
more than 50% of the global population. Various biotic and 
abiotic constraints occur during the cultivation of rice crop, 
such as insect pests, diseases, weeds and drought. Among 
the diseases, rice blast caused by Magnaporthe oryzae 
(anamorph Pyricularia oryzae Cav.) is considered as one 
of the most important phytopathogens which incurs huge 
economic loss to the farmers [1]. The annual yield losses 
due to rice blast ranges from 10 to 30% which can extend 
up to 50% during disease epidemics [2]. Rice blast disease 
outbreaks are a serious and recurrent problem in all rice 
growing regions of the world. The pathogen infects aerial 
parts of plant, including leaves, nodes, panicles and grains 

at all stages of development and is difficult to manage dur-
ing the advanced stages [3]. When the pathogen attacks at 
grain developmental stage, it causes chaffiness, incomplete 
grain filling and poor grain quality which directly affects the 
yield. Various chemicals are used for the management of this 
disease, which leads to development of fungicide-resistant 
strains and creates environmental impacts [4].

As an alternative, biological control is a promising 
strategy, which can be exploited for the management 
of rice blast. Biological control agents protect the crop 
from harmful pathogens through production of antifungal 
metabolites or inducing systemic resistance in the host [5]. 
Of late, bacterial bioagents viz., Pseudomonas and Bacil-
lus, are used for the management of various diseases of 
agricultural crops [6]. Among the alternate microbial can-
didates, actinobacteria are natural soil dwelling bacteria 
used for disease management program [7]. They can able 
to survive under extreme environmental conditions [8]. 
Among actinobacteria, the genus Streptomyces is a gram-
positive, aerobic, non-motile, catalase positive and non-
acid fast bacteria with filamentous nature that resembles 
fungi. Streptomyces spp. shows several modes of action by 
the production of antibiotics, cell wall-degrading enzymes, 
secondary metabolites and growth-promoting compounds. 
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About 75% of commercially available antibiotics are 
derived from Streptomyces spp. [9]. Notably, some anti-
biotics viz, Blasticidin–S and Kasugamycin produced by 
Streptomyces have been used as fungicides to control rice 
blast, which were safely used with low mammalian toxicity 
and lack of phytotoxicity toward rice plants [10]. Spraying 
mixture of spore suspension of the pathogen M. oryzae 
and Streptomyces sindeneusis isolate 263 on rice seedlings 
resulted in strong inhibition of the pathogen and suppres-
sion of leaf symptoms [11]. An antibiotic, antifungalmycin 
702 isolated from Streptomyces padanus JAU4234 inhib-
ited the mycelial growth of M. grisea and reduced the 
formation of conidia and suppressed the conidial germi-
nation and appressorium formation [12]. The cell extract 
of Streptomyces erythrochromogenes 3–45 showed inhibi-
tory activity against M. oryzae by abnormal formation of 
appressorium and suppressed blast lesions [13]. A novel 
bioactive compounds such as albofungin and chloroalbo-
fungin was identified from Streptomyces chrestomyceticus 
BCC 24770 that showed strong antifungal activity against 
Curvularia lunata, A. brassicicola, Colletotrichum cap-
sici, and Colletotrichum gloeosporioides [14]. Thus, Strep-
tomyces strains have important application in agricultural 
field as biological control agent against various phytopath-
ogenic fungi. This approach offers a better alternative to 
control rice blast disease which is exploited in this study.

Materials and Methods

Isolation and Characterization of Pathogen

The plant samples infected with rice blast were collected 
and isolated by tissue segment method using Potato Dex-
trose Agar (PDA) medium. The colony characters were 
observed for cultural identification. The obtained pure 
culture was inoculated in sterilized stem bits of collateral 
weed host (Digitaria sanguinalis) to induce sporulation of 
pathogen. The morphological characters such as mycelial 
type and structure of conidia were observed under light 
microscope. Pathogenicity test was conducted to prove the 
Koch’s postulate and to identify the virulent isolate. The 
total genomic DNA extraction was carried out by follow-
ing standard protocol [15] and subjected to PCR amplifi-
cation using universal primer pairs, ITS1 (TCG GTA GGT 
GAA CCT GCG G) and ITS4 (TCC TCC GCT TAT TGA TAT 
GC) [16]. The amplified PCR product was sequenced and 
the species was identified based on the percentage homo-
geneity and the molecular phylogeny was evaluated using 
MEGA 7 [17].

Isolation and Characterization of Actinobacteria

Random rhizospheric samples of healthy rice plants were 
collected from different geographical locations, which was 
air-dried, pre-heated, and serially diluted up to  10–5 dilu-
tion and plated on Ken Knight’s agar medium (1 g glucose, 
0.1 g  MgSO4, 0.1 g KCl, 0.1 g  (NH4)2SO4, 0.1 g  KH2PO4, 
20 g Agar, 1000 ml water) by pour plate method and incu-
bated at 28 °C [18]. After 5 days of incubation, the colo-
nies showing powdery growth were selected and streaked 
on fresh medium to obtain pure culture. The actinobacteria 
was identified by cultural, morphological, and biochemical 
means as per the standard protocol of Bergey’s manual of 
systematic bacteriology [19].

In Vitro Screening of Actinobacterial Isolates 
Against M. oryzae

Dual‑Culture Technique

The antagonistic effect of actinobacteria against the patho-
gen was tested by dual-culture technique [20]. A 9 mm 
diameter of actively growing culture disc of M. oryzae was 
cut and placed at one side and a gentle streak of actively 
growing actinobacteria was done on the other side of the 
sterile Petri plate containing PDA medium. Three rep-
lications were maintained in each treatment. The Petri 
plate containing the pathogen alone was used as control. 
The plates were incubated at room temperature and the 
radial growth of the pathogen in the treatment was meas-
ured when the control plate was fully grown. The per-
cent growth inhibition is calculated using the following 
formula,

where C represents radial growth of the pathogen in control 
and T represents radial growth of the pathogen in treatment.

Bioassay of Crude Extract of Actinobacteria Against 
Mycelial Growth of Pathogen by Agar Well Method

The effective five actinobacterial isolates viz., STR-1, STR-
2, STR-10, STR-17, and STR-18 were selected and tested for 
bioassay of crude extract by agar plate method. The molten 
PDA medium was poured in sterile Petri plate and allowed to 
solidify. Four wells were formed in the Petri plate containing 
PDA medium leaving 1 cm from the periphery using 9 mm 
sterilized cork borer. The actively growing M. oryzae was 
kept in the center of the Petri plate. The crude extract was 
poured into the wells at 100 µl (0.1%), 200 µl (0.2%), and 
500 µl (0.5%) per well. A control well was maintained by 

%I(Percentage of Inhibition) = (C − T∕C) × 100,
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pouring sterile water. The mycelial growth and inhibition 
zone were recorded after 8 days of incubation.

Molecular Characterization of Isolate STR‑2

DNA Isolation

The pure culture of actinobacterial isolate STR-2 was grown 
on Ken Knight’s broth and incubated in an orbital shaker for 
7 days. The bacterial suspension was then transferred to 1.5-
ml Eppendorf tube and centrifuged at 8000 rpm for 10 min. 
After centrifugation, the supernatant was discarded and the 
pellet was resuspended in 500 µl of 1X TE buffer (pH-8.0) 
and 30 µl of 10% SDS, mixed thoroughly, and then incu-
bated for 1 h at 37 °C. Then, 100 µl of 5 M NaCl and 80 µl 
of CTAB were added and incubated at 65 °C for 10 min. An 
equal volume of chloroform was added and centrifugation 
was carried out at 10,000 rpm for 15 min. The aqueous, 
viscous supernatant was transferred to a new centrifuge 
tube and equal volume of ice-cold isopropanol was added 
and incubated for 1 h at −20 °C. DNA pellet was obtained 
by centrifugation at 12,000 rpm for 10 min. The pellet was 
washed with 70% ethanol and air-dried. The supernatant was 
carefully removed and the pellet was dried briefly. The pel-
let was redissolved in 50 µl of Milli-Q water and stored at 
−20 °C.

Amplification of 16S rRNA Gene of Isolate STR‑2

The isolated DNA was subjected to PCR amplification using 
the primers 27F (5′AGA GTT TGA TCC TGG CTC AG 3′) 
and 1492R (5′GGT TAC CTT GTT ACG ACT T 3′) [21]. The 
PCR conditions were set at initial denaturation at 95 °C for 
5 min; 32 cycles of denaturation at 95 °C for 30 s, anneal-
ing temperature at 55 °C for 90 s, initial extension at 72 °C 
for 120 s and final extension at 72 °C for 5 min. The PCR 
products were resolved by electrophoresis in 1% agarose gel. 
The amplified PCR product was sequenced at Chromous 
Biotech Pvt. Ltd, Bangalore, India.

Phylogenetic and Sequence Analyses

The sequence was submitted to NCBI, GenBank and acces-
sion number was obtained. From the BLAST search, 6 
closely related species of Streptomyces were selected. 
The nucleotide sequences obtained were aligned together 
to deduce the complete sequence and used for multiple 
sequence alignment using CLUSTALW program. The phylo-
genetic tree was constructed using 16S rRNA gene sequence 
from the GenBank, evaluated using the neighbor-joining 
method with 1000 bootstrap replicates using MEGA 7 [17].

Effect of Cell‑Free Culture Filtrate of S. 
chrestomyceticus STR‑2 Against Mycelial Dry 
Weight of M. oryzae

The effect of culture filtrate of S. chrestomyceticus STR-2 
on mycelial growth of pathogen was tested [22]. The cul-
ture was inoculated in Ken Knight’s broth and incubated for 
5 days in shaker at 28 ± 2 °C for 150 rpm. It was then sub-
jected to centrifugation at 10,000 rpm for 10 mins and the 
supernatant was collected to obtain cell-free culture (CFC). 
The CFC was filtered through bacterial proof filter (0.2 µm 
pore size) and 5 ml of the filtrate was poured to 95 ml steri-
lized Potato dextrose broth (PDB) in 250 ml conical flask. 
A 9 mm of actively growing mycelial disc of M.oryzae was 
aseptically inoculated into it, which served as treatment. The 
PDB with mycelial disc of M. oryzae alone without any cul-
ture filtrate is used as control and incubated at 28 ± 2 °C for 
7 days. After incubation period, the mycelia were taken and 
dried in oven at 60 °C for 8 h and the results were expressed 
on dry weight basis and compared with control using the 
formula,

where W1 is the mycelial dry weight of the pathogen in 
control and W2 is mycelial dry weight of the pathogen in 
treatment.

Effect of Volatile Compounds of S. chrestomyceticus 
STR‑2 Against M. oryzae

The effect of volatile organic compounds (VOCs) pro-
duced by S. chrestomyceticus STR-2 against M. oryzae was 
tested [23]. The isolate was allowed to grow on yeast malt 
extract medium until full growth was observed. The lids of 
the plate were then replaced with PDA medium containing 
9 mm actively growing mycelial disc of M. oryzae. The two 
plates were covered together by face to face by covering 
with parafilm ensuring no physical contact between patho-
gen and antagonistic actinobacteria. The control plate was 
maintained with pathogen alone without any actinobacte-
ria-seeded plates. The experiment was repeated thrice. The 
mycelial growth reduction of the pathogen was measured 
after the control plate achieved full growth, using the fol-
lowing formula,

where C represents radial growth of the pathogen in control 
and T represents radial growth of the pathogen in treatment.

Dryweight(%) =
W1 −W2

W1
× 100,

%I(Percentage of Inhibition) = (C − T∕C) × 100,
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GC–MS Analysis of Crude Extract of S. 
chrestomyceticus STR‑2

The most effective antagonistic S. chrestomyceticus STR-2 
was cultured at 28 ± 2 °C for 5 days in yeast malt extract 
broth. After incubation period, the broth was centrifuged at 
5000 rpm and the supernatant was adjusted to pH 2.0 using 
concentrated HCl. An equal volume of ethyl acetate was 
added with the collected supernatant and kept overnight in 
orbital shaker at 150 rpm. Then, the organic solvent layer 
was separated using separating funnel. The separated sol-
vent was filtered using filter paper with a pinch of sodium 
sulfate and evaporated in rotary evaporator up to the volume 
of 5 ml. The residue was resuspended with ethyl acetate 
(HPLC graded), filtered using filter paper with a pinch of 
sodium sulfate. Using bacterial membrane filter (0.2 µm), 
the precipitate was filtered. The antibiotics, volatiles, and 
secondary metabolites present in the sample were detected 
by injecting 1 µl of sample in Capillary Standard Non-Polar 
Column (0.25 mm × 0.25 µm × 30 m length) of GC—MS 
(Perkin Elmer Ltd.) in which Helium was used as carrier gas 
(1.0 ml/min). The m/z peaks representing mass-to-charge 
ratio, characteristic of the antimicrobial fractions was com-
pared with those of the corresponding organic compounds 
in the NIST library [24].

Evaluation of S. chrestomyceticus STR‑2 for Its 
Growth Promotion Activity

Production of IAA

IAA production test was carried out for the isolate S. 
chrestomyceticus (STR-2) by preparing 20 ml volume of Ken 
Knight’s broth amended with 0.1% tryptophan which served 
as treatment. The broth without 0.1% tryptophan was main-
tained as control and sterilized. The broths were inoculated 
with loop full of STR-2 culture and incubated at 28 ± 2 °C 
for 5 days. After incubation period, the cell-free culture was 
prepared by centrifugation at 10,000 rpm for 10 min. The 
supernatant (1 ml) was added with 2 ml of Salkowski reagent 
(1 ml of 0.5 M  FeCl2 in 50 ml of 35% perchloric acid) and 
kept in dark for 30 min. Development of pink color indicates 
the production of IAA which was quantified by spectropho-
tometer at 530 nm wavelength and expressed as µg/ml using 
a standard curve [25].

Siderophore Production

Siderophore production by S. chrestomyceticus STR-2 was 
tested on Chrome Azurol S blue agar (CAS) as described 
[26]. The full-grown STR-2 culture was streaked on CAS 

plates and incubated at 30 °C for 5 days in dark condition. 
Yellow to orange-colored zone around the colony indicates 
the production of siderophore.

Phosphate Solubilization

The actinobacterial isolate S. chrestomyceticus STR-2 was 
tested for phosphate solubilization using Pikovskaya’s agar 
medium [27]. A loop full of fully grown actinobacterial 
culture was streaked on sterile Petri plate containing Piko-
vskaya’s agar medium and incubated at 30 °C for 4 days. A 
clear halo zone surrounding the colony indicates solubiliza-
tion of phosphate.

Assessing Growth‑Promoting Activity by Roll Towel Method

The plant growth-promoting activity was assessed based on 
seedling vigor index using the standard roll towel method 
[28]. Fifty paddy seeds were surface sterilized with 1% 
Sodium hypochlorite solution for 2  min, subsequently 
washed with sterile water thrice, and then dried. The seeds 
were then treated with the S. chrestomyceticus STR-2 sus-
pension at  106 cfu/ml containing 100 mg of Carboxy Methyl 
Cellulose (CMC). The seeds were soaked for 12 h and kept 
over pre-soaked germination paper and rolled along with 
the seeds, which served as the treatment. The seeds soaked 
in sterile water served as control. They were incubated in 
growth chamber for 10 days. The germination percentage of 
seeds, root length, and shoot length of individual seedlings 
were measured and the vigor index is calculated using the 
formula,

Efficacy of S. chrestomyceticus STR‑2 Against Rice 
Blast Disease in Pot Culture

Based on the results obtained from in vitro studies, pot cul-
ture experiment was conducted for the management of rice 
blast disease using talc formulation of S. chrestomyceticus 
STR-2 [29]. For the preparation of formulation, 400 ml of 
48 h old culture broth of S. chrestomyceticus STR-2 was mixed 
with 1 kg of sterile talc and 10 g of Carboxy Methyl Cellulose 
(CMC) and then stored. The pot culture experiment was con-
ducted on susceptible cv. ASD 16 for two seasons (Kharif and 
Rabi season) in the year 2020. The experiment was carried out 
in a randomized block design with 10 treatments replicated 
thrice. For each replication, three plants/pot were maintained. 
The seeds were treated with talc formulation @ 10 g/kg of 
seed at the time of sowing. Seedling root dip of S.chrestomy-
ceticus STR-2 was done @ 10 g/l at the time of transplanting. 

Vigour Index = (Mean root length +Mean shoot length)

× Germination %.
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Soil application was carried out at 30 days after transplant-
ing @ 10 g/pot by thoroughly mixing with well-decomposed 
FYM. Foliar application was given @ 0.5% on 50 days after 
transplanting. Tricyclazole @ 1 g/l was used as a chemical 
check. The plants were sprayed with spore suspension of M. 
oryzae  (106 cfu/ml) at active tillering stage. The plants without 
any treatment but inoculated with M. oryzae alone served as 
control. The disease incidence was recorded on 30 DAT and 
the percent reduction over control was calculated [11].

Efficacy of S. chrestomyceticus STR‑2 on Rice Blast 
Disease Under Field Condition

An experimental field trial was carried out in a farmer’s 
field at Muppathuvetti village in Ranipet district in a blast 
susceptible rice cv. ADT 47 to evaluate the efficacy of S. 
chrestomyceticus STR-2  against rice blast disease. Ten 
treatments were replicated thrice by following randomized 
block design. Talc-based formulation of S. chrestomyceticus 
STR-2 was applied through seed treatment, seedling root 
dip, soil application, and foliar spray. Seed treatment was 
done by treating paddy seeds with talc-based formulation of 
S. chrestomyceticus @ 10 g/kg of seeds. Seedling root dip 
was done by dipping paddy seedlings while transplanting in 
talc-based formulation of S. chrestomyceticus @ 10 g/l of 
water. Soil application was carried out at 30 days after trans-
planting @ 2.5 kg/ha mixed with well-decomposed FYM. 
Foliar spray @ 0.5% was given at 50 DAT. Tricyclazole @ 
1 g/l was used as a chemical check. A control plot was also 
maintained. The percent disease index and yield obtained in 
each experiment were calculated.

Statistical Analysis

The data were statistically analyzed using the AGRES ver-
sion 92. The percentage values of the disease incidence 
are arcsine-transformed. Data were subjected to analysis of 
variance (ANOVA) at two significant levels (P  < 0.05 and 
P < 0.01) and means were compared by Least significant dif-
ference (LSD).

Results

Isolation and Characterization of Pathogen

A total of fifteen pathogenic isolates were characterized 
based on colony color, melanin production, colony morphol-
ogy, and conidial characters. The conidia were small and 
pyriform in shape with 2 septate, 3 celled in which the mid-
dle cell was broader than the other two cells. By performing 
pathogenicity test, the isolate IS (Kar)-6 was found to be 
more virulent, which was further characterized through PCR 

amplification of genomic DNA using ITS1 and ITS4 univer-
sal primer pairs. The results revealed an amplicon of about 
560 bp in agarose gel electrophoresis which was sequenced. 
The sequence obtained was deposited in GenBank with 
the accession number MN960043. Similar sequences were 
retrieved from NCBI, GenBank database and dendrogram 
was constructed using UPGMA method (Fig. S1).

Isolation and Characterization of Actinobacteria

A total of twenty isolates of actinobacteria were isolated 
from rhizosphere region. The growth rate of isolated act-
inobacteria varied from moderate to good and the colony 
color varied from white to brown color. It took 5 to 6 days to 
sporulate and chain of spores was observed in all the isolates 
under 40X magnification of light microscope. The isolated 
actinobacteria gave positive reaction to gram staining test by 
retaining crystal violet color.

In Vitro Screening of Actinobacterial Isolates 
Against M. oryzae

Dual‑Culture Technique

Twenty isolates of actinobacteria were screened in vitro 
against the mycelial growth of M. oryzae by dual-culture 
technique. Among the twenty isolates, the isolate STR-2 
exerted maximum mycelial growth inhibition (50%) depict-
ing 45 mm of colony diameter of the pathogen compared to 
control (90 mm). This was followed by STR-1 and STR-18 
with 47.78% inhibition. The lowest inhibition was recorded 
in the isolate STR-14 with 59 mm mycelial growth recording 
34.44% inhibition over control (Fig. 1a and b).

Bioassay of Crude Extract of Actinobacteria Against 
Mycelial Growth of Pathogen by Agar Well Method

The five effective isolates were tested against the mycelial 
growth of M. oryzae by agar well method and incubated 
until the control plate was completely grown. The crude 
antibiotic extract from STR-2 showed reduced mycelial 
growth (1.3 cm) @ 0.5% over the control. The least effect 
was noticed in isolate STR-17 (2.6 cm) (Fig. 2a and b).

Molecular Characterization of Isolate STR‑2

The effective actinobacterial isolate STR-2 was subjected 
to molecular characterization to confirm the isolate at 
species level. PCR amplification was done using 27F and 
1492R primer pairs, the amplified fragment of 1500 bp 
which was sequenced further. The sequence was BLAST 
searched in NCBI database, which showed 100% nucleotide 
sequence identity to S. chrestomyceticus and was deposited 
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Fig. 1  a and b In  vitro efficacy of actinobacteria against the myce-
lial growth of M. oryzae by dual-culture assay. Plates were incubated 
at room temperature at 28 ± 2 °C for 7 days. Each value is the mean 

of three replications. Error bars indicate standard deviation obtained 
from three replications per treatment
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in GenBank with accession number MW505980. Similar 
sequences were retrieved from the NCBI, GenBank data-
base and dendrogram tree was constructed using UPGMA 
method by comparing the study isolate with the existing 
isolates from the database (Fig. 3).

Effect of Cell‑Free Culture Filtrates of S. 
chrestomyceticus STR‑2 on Mycelial Dry Weight of M. 
oryzae

The effect of culture filtrate of S. chrestomyceticus STR-2 
on mycelial weight of the pathogen was performed. It was 

Fig. 2  a and b Bioassay of crude secondary metabolites of actinobacteria against M. oryzae by agar plate method.  Error bars indicate standard 
deviation obtained from three replications per treatment
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found that the reduction in mycelial dry weight (0.034 g) was 
observed in STR-2 compared to control (0.208 g). The percent 
dry weight was found to be 83.65% (Fig. 4).

Effect of Volatile Compounds Produced by S. 
chrestomyceticus STR‑2 Against M. oryzae

The effective actinobacterial isolate S. chrestomyceticus 
STR-2 was tested for the effect of volatile compounds against 
the pathogen. The results revealed that S.chrestomyceticus 
STR–2 inhibited the mycelial growth (2.1 cm) of M. oryzae 
(76.66% reduction over the control) (Fig. 4).

GC–MS Analysis of Crude Extract of S. 
chrestomyceticus STR‑2  

The GC–MS analysis of actinobacterial isolate S. chresto-
myceticus STR-2 confirmed the presence of antimicrobial 
compounds and volatiles with different retention times. The 
results revealed the presence of antimicrobial compounds such 
as Undecane, n-Hexadecanoic acid, Benzamide, Pentadecane, 
Eicosane, Tetradecanoic acid, 1, 2-Benzene dicarboxylic acid, 
Heneicosane, Nonadecane 1-chloro, and 1-heptacosanol 
(Table 1).

Fig. 3  Phylogenetic tree of 
S. chrestomyceticus STR-2 
small subunit ribosomal RNA 
gene with other nucleotide 
sequences from the GenBank. 
rDNA homology searches were 
performed using the BLAST 
program and the sequences were 
submitted to GenBank. Cluster-
ing was determined by UPGMA 
analysis and the nucleotide 
sequences were aligned using 
CLUSTAL X 1.81. Superscript 
T denotes the type strains

Fig. 4  Effect of volatile 
compounds and culture filtrate 
of S. chrestomyceticus STR-2 
against the mycelial growth of 
M. oryzae in vitro. Error bars 
indicate standard deviation 
obtained from three replications 
per treatment
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Evaluation of S. chrestomyceticus STR‑2 for Its 
Growth Promotion Activity

Production of IAA

The antagonistic isolate S. chrestomyceticus STR-2 was 
tested for the production of IAA. Color change from pale 
yellow to deep yellow was observed, which indicates posi-
tive response for the production of IAA (Fig. 5a). Quantifi-
cation of the IAA production was performed in S. chresto-
myceticus STR-2 (11.59 µg/ml) against the control (1.83 µg/
ml) (Fig. 5b).

Production of Siderophore

The siderophore production by antagonistic actinobacterial 
isolate S. chrestomyceticus STR-2 was tested using CAS 
medium. The S. chrestomyceticus STR-2 changed blue color 
of the medium to light yellowish fluorescent color indicat-
ing the positive reaction for the production of siderophore 
(Fig. 5a).

Phosphate Solubilization

The antagonistic isolate S. chrestomyceticus STR-2 was 
tested for phosphate solubilization by Pikovskaya’s agar 
medium which showed positive reaction by the formation 
of halo clear zone around the colony (Fig. 5a).

Table 1  Identification of secondary metabolites from  S. chrestomyceticus STR-2 through GCMS analysis

The secondary metabolites were extracted through ethyl acetate fractionization and subjected to GC–MS analysis. The important compounds 
identified in different retention times with antimicrobial activity are represented

Peak Retention time Compound name Structure Molecular formula Molecular
Weight (g/mol)

Peak area % Activity

2 3.743 Undecane

 

CH3(CH2)9CH3 156.31 2.99 Antifungal

5 5.457 Nonadecane,1-chloro-

 

C19H38O2 268.518 0.71 Antimicrobial

14 7.036 Benzamide

 

C7H7NO 121.14 11.53 Antimicrobial antioxi-
dant

18 8.661 Pentadecane

 

C15H32 212.42 3.17 Plant growth promotion

22 9.923 Eicosane
 

C20H42 282.54 8.50 Antifungal

28 11.982 Tetradecanoic acid

 

C14H28O2 228.37 1.43 Antifungal, antioxidant

29 12.252 Heneicosane

 

C21H44 296.57 3.25 Antimicrobial

31 13.069 1,2-Benzenedicarboxylic 
acid

 

C8H6O4 166.14 2.43 Antifungal, antioxidant

32 14.146 n-Hexadecanoic acid

 

C16H32O2 256.4 3.74 Antimicrobial, anti-
oxidant

37 17.147 1-Heptacosanol
 

C27H56O 396.7 0.08 Antimicrobial, anti-
oxidant
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Assessing Plant Growth‑Promoting Activity by Roll 
Towel Method

The roll towel method was followed to evaluate the growth-
promoting efficiency of S. chrestomyceticus STR-2. The 
seeds pre-treated with the bacterial suspension of S. chresto-
myceticus STR-2 showed improvement in plant growth-pro-
moting parameters viz., germination %, root length, shoot 
length, and vigor index over untreated seeds (Fig. 5c).

Efficacy of Antagonistic  S. chrestomyceticus 
STR‑2 on Blast Disease of Rice Under Pot Culture

The effective antagonistic  S. chrestomyceticus STR-2 was 
used in different combination to combat rice blast disease 
in pot culture experiment. The experimental results stated 
that the treatment  T8 consisting of seed treatment of S. 
chrestomyceticus STR-2 @ 10 g/kg of seed + seedling root 
dip @ 10 g/l of water + soil application at 30 days after trans-
planting @ 10 g/kg of soil + foliar spray at 50 days after 

transplanting @ 0.5% recorded the least disease incidence 
of 14.62 (79.72% reduction over control). This was followed 
by treatment  T8 which consists of seedling root dip @ 10 g/l 
of water + soil application at 30 days after transplanting @ 
10 g/kg of soil + foliar spray at 50 days after transplanting @ 
0.5% which recorded 17.89 PDI (75.19% disease reduction 
over control). Foliar spray of tricyclazole @ 1 g/l of water 
recorded 12.35 PDI resulting in 82.87% disease reduction 
over control. The treatment  T8 showed significant mean dif-
ference, thus outperforming the disease reduction among all 
the other treatments in this experiment (Fig. 6).

Effect of Antagonistic S. chrestomyceticus STR‑2 on 
the Management of Blast Disease of Rice Under 
Field Condition

Among all the treatments, the treatment  T8 consisting of 
seed treatment with S. chrestomyceticus STR-2 @ 10 g/kg 
of seed + seedling root dip @ 10 g/l of water + soil appli-
cation at 30 days after transplanting @ 2.5 kg/ha + foliar 

Fig. 5  Evaluation of S. chrestomyceticus STR-2  for its growth-pro-
moting activity. The effective actinobacteria isolates were tested for 
their growth promotion attributes viz., IAA production, phosphate 
solubilization, siderophore production, germination percentage, root 

length, shoot length, and vigor index by roll towel method. Error bars 
indicate standard deviation obtained from three replications per treat-
ment
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spray at 50 days after transplanting @ 0.5% recorded least 
disease index of 15.89% with highest disease reduction 
of 65.26 over control. This was followed by the treatment 
 T7, consisting of seedling root dip @ 10 g/l of water + soil 
application at 30 days after transplanting @ 2.5 kg/ha of 
soil + foliar spray at 50 days after transplanting @ 0.5% 
which recorded 19.55 PDI with 57.25% disease reduction 
over control. The comparative check with foliar spray of 

tricyclazole @ 1 g/l of water recorded 71.09% reduction 
of disease over control with PDI of 13.22. The treatment 
 T8 was significantly different from all the other treatments 
tested. The treatment  T8 also registered a maximum yield 
of 5800 kg/ha over untreated control (3900 kg/ha). The 
treatment  T7 and  T6 succeeded the treatment  T8 with the 
yield of 5500 and 5350 kg/ha, respectively (Table 2).

Fig. 6  Effect of talc-based 
actinobacterial formulation of  
S. chrestomyceticus STR-2 on 
blast disease in rice cv. ASD 16 
under pot culture. Data are pre-
sented as percent disease index 
and represents the mean value 
for two season trials. Error bars 
indicate standard deviation 
obtained from 20 replicates per 
treatment

Table 2  Effect of talc formulation of S. chrestomyceticus STR-2 on blast disease of rice cv. ADT 47 under field condition

Talc-based formulation of S. chrestomyceticus STR-2 was treated in different methods/times. The percent disease index*   was represented as 
mean value of three replication. Means followed by the same superscript letters are not significantly different at P  < 0.05

T. no. Treatments PDI* Disease reduc-
tion over control 
(%)

Yield (Kg/ha) Benefit 
cost ratio

T1 Seed treatment @ 10 g/kg of seed 32.35 (34.65)g 29.27 (32.86) 4250 3.48
T2 Seedling root dip @ 10 g/l 30.75 (33.83)f 32.77 (37.70) 4400 3.53
T3 Soil application at 30 DAT @ 2.5 kg/ha 29.72 (32.87)f 35.02 (36.39) 4650 3.55
T4 Foliar spray at 50 DAT @ 0.5% 25.18 (29.95)e 44.94 (41.97) 4800 3.63
T5 Seed treatment (10 g/kg) + Seedling root dip (10 g/l) + Soil appli-

cation
(2.5 kg/ha)

22.45 (28.33)d 50.91 (45.12) 5100 3.67

T6 Seed treatment (10 g/kg) + Seedling root dip (10 g/l) + Foliar 
spray (0.5%)

20.49 (26.75)c 55.20 (47.66) 5350 3.71

T7 Seedling root dip (10 g/l) + Soil application (2.5 kg/ha) + Foliar 
spray (0.5%)

19.55 (26.36)c 57.25 (49.34) 5500 3.75

T8 Seed treatment (10 g/kg) + Seedling root dip (10 g/l) + Soil appli-
cation

(2.5 kg/ha) + Foliar spray (0.5%)

15.89 (23.50)b 65.26 (54.35) 5800 3.81

T9 Tricyclazole @ 1 g/l (chemical check) 13.22 (21.44)a 71.09 (57.20) 6000 3.65
T10 Untreated control 45.74 (42.26)h 0.00 (0.52) 3900 3.03
CD (P = 0.05) 1.53 1.95
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Discussion

Rice (O. sativa L) is known for “global grains” grown 
over an area of 149 million hectares under diverse cultural 
conditions which constitute 689 million tons consumed by 
more than half of global population [30]. Among diseases, 
rice blast caused by M. oryzae is one of the most destruc-
tive diseases that cause huge economic loss to the farmers. 
Streptomyces spp. has the potential to control phytopatho-
gens by producing of various secondary metabolites [31]. 
Hence, this study focuses on systematic screening and 
analysis of Streptomyces isolates to investigate their poten-
tial to control rice blast fungus.

In the present research, 15 rice blast pathogen isolates 
were cultured from different geographical locations which 
were further confirmed by cultural and morphological char-
acters [32]. Molecular identification was done for the most 
virulent pathogen using ITS1 and ITS4. About 20 actino-
bacterial strains were isolated from rhizosphere samples. 
Diverse cultural characters were observed and chain of 
spores was observed under light microscope which is the 
characteristic feature of Streptomyces [33]. These isolates 
were  screened against rice blast pathogen.

Among the twenty actinobacterial isolates tested, all 
the isolates showed a wide spectrum of action against rice 
blast pathogen in vitro by dual-culture technique. Among 
which, five effective actinobacterial isolates were screened 
further to identify the potential one. Members of the genus 
Streptomyces have been reported to produce volatile 
organic compounds as a tool for inhibition of pathogens. 
By the paired plate technique, the most effective actino-
bacterial isolate STR-2 showed 76.66% reduction over 
control by the production of volatiles [34]. The effect of 
culture filtrate of efficient  isolate STR-2 against the myce-
lial dry weight of  M. oryzae revealed that the reduction 
in the mycelial weight by 83.65% [35]. The isolate which 
showed potent antimicrobial activity was characterized by 
16S rRNA sequence analysis to assign a taxonomic unit 
[36]. Accordingly, the culture STR-2 represents a novel 
species of the genus Streptomyces, S. chrestomyceticus.

The application of GC–MS was employed in identifying 
novel bioactive secondary metabolites present in S. chresto-
myceticus STR-2 using ethyl acetate as solvent and the pres-
ence of novel antimicrobial compounds were detected. The 
compound, Undecane having antifungal activity and Hexa-
decanoic acid having antioxidant and antimicrobial property 
against rice blast were reported [37]. The effect of crude 
extract of actinobacteria was tested by agar well method. 
The result revealed that the crude extract from the isolate S. 
chrestomyceticus STR-2 exhibited 85.55% reduction over 
control at 0.5% concentration. Our results are in accordance 
with the bioactive compounds produced by Streptomyces sp. 

UPMRS4 which showed 55.3% to 98.33% mycelial inhibi-
tion of P. oryzae compared to control [38].

The plant growth-promoting attributes of actinobacteria 
such as the production of siderophores, solubilization of 
inorganic phosphate, and phytohormone production such 
as IAA were tested in vitro [39]. Growth promotion was 
assessed by pre-inoculation of rice seeds with S. chresto-
myceticus STR-2  which resulted in increased germina-
tion %, root length, and shoot length compared to control 
[40]. The results of pot culture experiment revealed that 
the combination of treatment viz., seed treatment, seedling 
root dip, soil application, and foliar spray with the isolate 
STR-2 S. chrestomyceticus exhibited high antifungal activ-
ity, thereby reducing the rice blast. A study reported that 
Streptomyces strain PM5 produce antifungal compound, 
SPM5C-1 which completely inhibited the mycelial growth 
of P. oryzae at 25 µg/ml concentration in vitro and 76.1% 
disease reduction at 500 µg/ml under greenhouse condition 
[41]. The rice seedlings treated with actinobacterial isolates 
JSN1.9, SKB2.14 and SKB2.3 resulted in disease reduction 
of 88.11%, 88.02%, and 87.6%, respectively, upon 21-day 
post-inoculation of pathogen [11]. Upon screening of four 
different Streptomyces strains (W1, PC 12, D 4.1, and D 4.3) 
against rice blast under greenhouse condition, the strain PC 
12 showed the lowest disease severity (31.4%) compared to 
control (87.5%) [42].

In the present study, the effect of S. chrestomyceticus 
STR-2 was evaluated under field condition which revealed 
that the combined treatment viz., seed treatment, seedling 
root dip, soil application, and foliar spray recorded the high-
est disease reduction (65.26%) compared to control. A simi-
lar result was reported in Streptomyces strain UPMR54 that 
suppressed blast disease (67.9%) and promoted rice growth 
and yield [43]. The foliar treatment of Streptomyces endus 
OsiSh-2 at  107 spores/ml reduced the blast severity by pro-
duction of mycolytic enzymes, IAA, and antibiotics [44]. 
The foliar treatment of rice seedlings with culture filtrate 
of Streptomyces hygroscopicus OsiSh-2 showed disease 
reduction of 28.3% compared to control [45]. Similarly, the 
isolate Streptomyces albidoflavus OsiLf-2 showed least dis-
ease severity of rice blast under field condition [46]. Seven 
actinobacterial isolates having chitinolytic activity were 
evaluated, which resulted in inhibition of rice blast disease 
ranging from 17.7 to 72.5% [47]. A novel strain called Strep-
tomyces xantholiticus inhibited the pathogen in vitro (92%) 
and in vivo. Moreover, the treated plants showed enhance-
ment of resistance by the production of defense enzymes, 
such as polyphenol and peroxidase [48]. In a study, it was 
reported that the strain Streptomyces hygroscopicus OsiSh-2 
exhibited strong antagonistic activity toward M. oryzae by 
hydrolase activity, induction of ROS, and biofilm formation 
in response to toxin produced by the pathogen (Mo-toxin) 
[49]. In a recent study, a crude extract of lipopeptides (CEL) 
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was extracted from fermentation liquid of Streptomyces 
bikiniensis HD-087 which inhibited spore germination and 
appressorial formation of M. oryzae by destroying mem-
brane integrity and through leakage of cellular components 
in vitro and reduced the disease index of blast by 76.9% 
in vivo [50]. Thus, Streptomyces spp. with antimicrobial, 
chitinolytic, and growth-promoting activity can be exploited 
for the management of rice blast.

Conclusion

It is evident that rhizospheric actinomycete, S. chrestomyce-
ticus STR-2 suppressed rice blast pathogen, M. oryzae both 
under in vitro and in vivo conditions by several mechanisms, 
such as volatiles, production of secondary metabolites, and 
plant growth-promoting activity. The ability of biocontrol 
agents to promote plant growth is considered as an added 
advantage. Hence, S. chrestomyceticus STR-2  could be used 
as potential biocontrol agent of rice blast.
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