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HIGHLIGHTS
e  Streptomyces sp. nkm1l was isolated from a marine soil sample and identified using morphological and

molecular techniques.

e  Streptomyces sp. nkm1 had the highest antifungal activity against some plant pathogenic fungi on M6 medium.

e On Aspergillus flavus, the minimum inhibitor concentration of ethyl acetate Crude extract of Streptomyces sp.
nkm1 was more effective.

e The GC-MS analysis of the ethyl acetate extract revealed 26 components, with nonadecane being the most
important bioactive compound.
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Abstract: The main concern of today's agricultural production around the world is a cleaner and greener
approach to crop production. Streptomyces species with distinct characteristics can be found in soil. The
current research focuses on Streptomyces species isolated from marine sediment samples. To evaluate the
morphology and biochemical properties of the isolated Streptomyces strain ukm1, it was grown in Starch
Casein Nitrate (SCN) agar medium. Morphological, biochemical, and 16s rRNA analysis were performed on
the strain. Streptomyces sp. was identified based on these findings. The production of bioactive metabolites
by strain nkm1 was carried out in five different fermentative media. After 10 days of incubation, M6 medium
was found to be efficient and was extracted with ethyl acetate. The MIC values revealed that the ethyl acetate
extract inhibited the growth of plant pathogenic fungi such as Phytophthora palmivora (31.25 g/ml),
Aspergillus flavus (15.62 g/ml), Rhizoctonia solani (31.25 g/ml), and Cladosporium herbarum (31.25 g/ml).
The GC-MS analysis of the ethyl acetate extract revealed 26 components, the major volatile bioactive
compound being nonadecane.

Keywords: Streptomyces sp.; ethyl acetate; plant pathogen; nonadecane.

INTRODUCTION

Fungal pathogens have caused millions of dollars’ worth damage each year to economically important
crops all over the world, despite the extensive use of synthetic pesticides. Recently, synthetic fungicides are
widely used in modern farming practices. In addition, some of them are toxic and cause environmental
pollution [1-3]. The concern over toxicity and the development of resistance to some fungicides make it
necessary to find a safer and effective fungicide. Microbial metabolites have attracted the attention as
potential alternatives to synthetic antifungal agents [4-6]. Several antifungal compounds were isolated from
various microbial sources. Actinomycetes are the most appealing sources because they are powerful
producers of a wide range of secondary metabolites with diverse biological activities, including therapeutically
and agriculturally important bioactive compounds [7-9]. Rare actinomycetes have been important natural
resource sources of novel and efficient antibiotics [10]. A variety of actions are associated with secondary
metabolites generated by Streptomyces sp., which includes antimicrobial, antifeedant and enzyme inhibitors
[11, 12]. Marine sediments and invertebrates are relatively untapped sources for prospective secondary
metabolites [13]. The genus Streptomyces is the largest bioactive metabolites producing actinomycete [14-
16]. Moreover, majority of antibiotics that has been reported so far, is obtained from Streptomyces species
[17]. These antibiotics are used in evaluating bioactivity against various plant pathogens causing plant
diseases [18, 19]. Currently, the wide-spread occurrence of antibiotic resistance by microorganisms is a
threat to both human health and agricultural production. As a result, the current study was conducted to
investigate the potential of Streptomyces species isolated from marine soil sediment as antifungal agents
against fungal plant pathogens, with volatile bioactive compounds identified using GC-MS.

MATERIAL AND METHODS

Isolation of Streptomyces sp. from marine soil samples

The isolation of Streptomyces sp. was performed by serial dilution plate technique [20] with starch casein
nitrate (SCN) agar medium (g/I: starch 10.00, casein 0.3, KNO3z 2.00, NaCl 2.00, KzHPO4 2.00, MgSO4-7H>0
0.05, CaCO3; 0.02, FeS04-7H,O 0.01, agar 20.00). After incubation, the plates containing isolated
Streptomyces sp. were purified, sub cultured and stored at 4°C. For long storage, the isolates were grown in
International Streptomyces Project-2 (ISP-2) broth for 5 days and stored at -20° C in 15 % glycerol stock.

Characteristics of Streptomyces sp. isolate

Standard methods of Shirling and Gottlieb (1961) [21] and Waksman (1961) [22], were used to determine
the biochemical, morphological, and physiological characteristics of the prospective strain nkml.
Subsequently, growth was observed after incubation at 28°C for 7 days and colors were determined
according to the methods described by Prauser (1964) [23]. In addition, pigmentation of aerial mycelium and
structure, as well as the arrangement of spores were observed through the cultivation of the strains in ISP4.
The utilization of carbon and nitrogen sources by the strain was carried out according to the method of
Gottlieb (1961) [21].
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Fungal plant pathogens

The following plant pathogenic fungi were used; Fusarium oxysporum, Phytophthora palmivora,
Aspergillus flavus, Botrytis conerea, Alternaria alternata, Cerscospora capsici, Rhizoctonia solani,
Cladosporium herbarum and Helminthosporium papulosum.

Preparation of fungal spores

The filamentous fungi were grown on Sabouraud Dextrose Agar (SDA) slants at 30°C for 5 days and the
spores were collected using sterile doubled distilled water and homogenized.

Preliminary screening

The strain nkm1 was inoculated on Yeast Peptone Glucose (YPG) agar plates by single streak in the
center. The plates were incubated at 28°C for 5 days. The plant pathogenic fungi (inoculum size was 1x10°
PFU/mI) were spotted and incubated at 30°C for 3 days. The fungal inhibitions were observed by determining
the inhibition zone.

Antifungal activity of strain nkm1

The antifungal activity of strain nkm1 against plant pathogenic fungi was determined using the standard
cup plate method. Plant pathogenic fungi were inoculated into 20 ml of Mueller Hinton agar medium to create
assay plates. Agar-cups (6mm diameter) were filled in triplicate with 50 | of mycelia-free culture filtrate and
incubated at 300C for 3 days. The diameter of the inhibition zone was measured in millimeters.

Antifungal metabolites’ production with different media

In a shake flask with five different designated media, antifungal secondary metabolites were produced.
The following were the media compositions: (g/L): Sabouraud Medium Dextrose Broth (SDB) 1: 20.00
Dextrose, 10.00 Peptone; Yeast Peptone Glucose (YPG) - Medium 2.00 Peptone, 3.00 Yeast extract, and
10.00 Glucose NaCl2 3.00 M6 - Moderate 3: Starch 10.00, K2HPO4.7H20 1.00, MgS04.7H20 1.00,
(NH4)25042.00; Medium Tryptic Soy Broth (TSB) 4: Casein peptone 17.00, K2ZHPO4.7H203.00, Glucose
3.00, NaCl 25.00, Soy peptone 3.00; Medium Modified Nutrient Glucose Broth (MNGB) 5: Peptone (5.00),
Beef extract (3.00), Glucose (10.00), Yeast extract (3.00), NaCl (23.00). The pH of each medium was
adjusted to 7.0 earlier using the autoclaving. In a 500 ml Erlenmeyer flask containing 150 ml respective
fermentation medium, a loop full of culture nkm 1 was inoculated and incubated at 28°C on shaker (200 rpm)
for 5 days. Secondary metabolite production was observed in all media after seed culture was inoculated into
a 500ml flask (100 ml medium) and grown for 10 days under the same conditions.
The supernatant of fermented broth cultures was tested against plant pathogenic fungi. The antifungal activity
of the culture broth was tested using a well diffusion assay for 7 days [24]. Briefly, the fungal spore suspension
(inoculum size was 1x 10°PFU/ml) was seeded over the Mueller Hinton Agar (MHA). Six mm diameter well
was filled with 50ul of culture supernatant. After three days, the diameters of the inhibition zones were
measured and the results were recorded and tabulated. The experiment was carried out three times.

Extraction of volatile antifungal metabolites

The culture's spore suspensions were inoculated on M6 production medium and incubated for 10 days
at 28°C on a shaker at 200 rpm. The supernatant was collected after centrifuging the fermented cultures.
Later, the pH of the supernatant was reduced with HCI to 4.00. The supernatant was then extracted three
times with ethyl acetate in a 1:1 (v/v) ratio. This supernatant was kept at 4°C for three days, until two layers
formed. The organic phase was then separated using a separating funnel, and the aliquot was decanted and
concentrated at 40 °C using a vacuum rotary evaporator. The crude extract was stored at 4°C before being
dissolved in dimethyl sulfoxide (DMSO) for further use. The crude extract obtained was used to test antifungal
activity.

Minimum inhibitory concentrations (MIC)

The crude ethyl extract (2 mg) was dissolved in 1 ml of DMSO: water (1:9) which was utilized for
antifungal investigation using standard broth microdilution method [25] and the MIC was calculated. Mueller
Hinton broth (MHB) was prepared and sterilized by autoclaving at 121°C, 15 Ibs for 20 minutes. In addition,
the required concentration of the extract (ug/ml) (500.00, 250.00, 125.00, 62.50, 31.25, 15.65 and 7.80) was
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added to the 96 well micro titer plate containing 0.1 ml MHB. The 10 pl of fungal spore suspension was
introduced into the respective wells and the final inoculum size was at 1x10°PFU/ml. The titer plates were
incubated at 28 °C for 3days; Amphotericin B and solvent DMSO were also included as positive and negative
control respectively. MIC was determined as the lowest concentration of the crude extract which inhibited
complete growth of tested fungi.

Gas chromatography-mass spectrometry (GC-MS) analysis

The active ethyl acetate extract was analyzed using a gas chromatograph (GC-MS-Shimadzu) equipped
with a CPB-capillary column (mm inner diameter X 50 m length) mass spectrometer (ion source 200°C, RI
70 eV) set to 40-280°C at a rate of 4°C/min. The injector temperature was 280°C, and the carrier gas was
He (20 psi). Using a hot-needle, sample volumes of 1 ul were injected with a split ratio of 25:1. Sargam
Laboratory Service, Private Ltd, Chennai-600 089, India, performed the GC-MS analysis.

RESULTS AND DISCUSSION

Isolation and Characterization of strain nkm1

This isolate was identified as Streptomyces sp. strain nkm1 using morphological, biochemical, and
molecular methods (Figure 1, 2 and Table 1). The sequence was submitted to the NCBI under the accession
number HM125709. The Neighbor-Joining method was used to infer the evolutionary history. The optimal
tree is shown, with a total branch length of 40.13326794. The evolutionary distances were measured in base
substitutions per site and calculated using the Maximum Composite Likelihood method. Eleven nucleotide
sequences were examined. First+second+third+noncoding codon positions were included. All positions with
gaps and missing data were removed. The final dataset contained 260 positions. MEGA 5 was used to
perform evolutionary analyses. Gram staining identified the strain nkml as a Gram-positive filamentous
bacterium. The colonies were brown, opaque, rough, leathery, and difficult to remove due to filaments
branching that had grown into the M6 medium, according to morphological studies. Streptomyces sp. was
identified as the antifungal antibiotic-producing strain through biochemical and morphological analysis. The
strain grew on a variety of agar media and displayed typical Streptomyces sp. morphology [26]. The color of
the aerial mycelium was white and it did not produce diffusible pigments on several agar media. The strain
exhibited salt tolerance (up to 0.8%) that could be placed in the intermediate salt tolerance group. The strain
also demonstrated various biochemical activities and capability to produce different enzymes such as
amylase, protease and lipase. The utilization of carbohydrates, nitrogen sources, and growth characteristics
on different temperatures, pH and other characteristics are depicted in Table 1. Similar Streptomyces sp.,
has been isolated from different sources by several researchers [27-29].

Antifungal activities of volatile metabolites against plant pathogenic fungi

The preliminary screening revealed that strain nkm1 showed activity against tested plant pathogenic
fungi (Figure 3 and Table 2). In M6 production medium, strain nkm1 demonstrated a broad spectrum of
antifungal activity. As a result, it was chosen as the most efficient medium for mass production of secondary
metabolites. The antifungal activity significantly started at exponential phase of growth; the maximum activity
was observed on seventh day of incubation. The production medium’s optimum pH and temperature were
7.0 £ 0.5 and 28°C respectively. The other production media used for secondary metabolites production were
not effective. The fermented culture broth from M6 production medium inhibited the growth of plant
pathogenic fungi such as F. oxysporum (18.00+0.05), P. palmivora (6.00+0.05), A. flavus (21.00+0.07), B.
cinerea (20.00+0.30), A. alternata (21.00+0.60), C. capsici (23.00+0.85), R. solani (20.00+0.40), E. unguis
(18.00+0.30), C. herbarum (17.00+0.70) and H. papulosum (9.00+0.10) (Table 3 and Figure 4). Based on the
inhibition zones, the M6 production medium was determined to be the best for the production of volatile
antifungal secondary metabolites. The carbon and nitrogen sources were also preferred for antibiotic
secondary metabolites synthesis but they did not favor high specific growth rate of Streptomyces sp. strain
nkml. The limitation of nutrients was responsible for the onset of antifungal metabolites biosynthesis [30-
32]. The study's findings revealed that M6 production medium was the most efficient nutritional source for
the production of antifungal metabolites.

Minimum inhibitory concentration (MIC)

200 mg crude extract was obtained from the concentrated organic phase. All of the tested plant
pathogenic fungi were inhibited by the ethyl acetate extract, with MIC values as follows: (ug/ml); F. oxysporum
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at 62.50, P. palmivora at 31.25, A. flavus at 31.2565, B. cinerea at 125.00, A. alternata at 125.00, C. capsici
at 62.50, R. solani at 31.25, E. unguis at 15.62, C. herbarum at 31.25 and H. papulosum at 250.00 (Table 4).
The above results indicated that the ethyl acetate extract of nkm1 significantly inhibited the growth of all the
tested plant pathogenic fungi specifically A. flavus, R. solani, E. unguis, C. herbarum, F. oxysporum and A.
alternata. Lyu and coauthors [33] reported the antifungal activity of actinomycetes against plant pathogenic
fungi. Marimuthu and coauthors [34] also reported antifungal metabolites from Streptomyces sp. against the
tea fungal plant pathogen Pestalotiopsis theae [35]. Previous research revealed that Streptomyces species
culture extracts inhibited the growth of A. niger, A. flavus, and F. oxysporum [36, 37]. However, current
findings showed that Streptomyces sp. strain nkm1 inhibited the growth of F. oxysporum and A. flavus at low
concentrations of 62.50 and 15.65 pg/ml respectively. Various researchers have reported the antifungal
activities of marine derived Streptomyces [38-41]. Our results showed that MIC value for A. flavus was 15.65
pg/ml. This value was low compared to previous reports [38, 41]. Many actinomycete genera, particularly
those of the genus Streptomyces, are well known for producing antifungal agents that inhibit a variety of plant
pathogenic fungi [42, 43]. Streptomyces species' antagonistic activity against plant fungal pathogens is
usually associated with the production of antifungal compounds [44-46]. Many researchers have reported
Streptomyces sp. antifungal activity in their studies [47-50].

GC-MS analysis of the active fraction

The active ethyl acetate extract of strain nkm1 was analyzed with GC-MS chromatograph as shown in
Table 5, and the GC-MS spectrum showed the presence of various compounds. The major compounds from
the GC-MS spectrum were: 3-Trifluoroacetoxypentadecane (11.9%), Hexadecane(10.5%), Phthalic acid,
butyl undecyl ester(10.5%), 1-lodo-2-methylundecane(10.2), Tetradcane (8.42%), Tetradecane, 2,6,10-
trimethyl- (7.6%), Pterin-6-carboxylic acid (7.34%), 1-Octadecanesulphonyl chloride(6.77%), Decane, 2,4,6-
trimethyl-(5.78%), Nonadecane (5.10%), 4-Trifluoroacetoxypentadecane(4.57%), Phthalic acid, isobutyl
octadecyl ester(4.15%), 3-Trifluoroacetoxytetradecane(3.22%), Decane, 2,3,5,8-tetramethyl(3.09%),
Tridecane  (2.97%), Didodecyl phthalate(2.93%), 2-Trifluoroacetoxytetradecane(2.85%),  10-
Heneicosene(2.84%), 5-Eicosene, (E) (2.52%), 1-Hexadecanol (2.41%) and Dodecane, 2,6,11-trimethyl-
(2.24%) (Table 5). According to the literature, Nonadecane (CisHao) was the bioactive compound which
exhibited significant activity towards tested plant fungal pathogens. However, several compounds were
previously reported as antifungal agents from Streptomyces species [51, 52].

The production of microbial metabolites can be substantially increased by optimizing the nutritional
conditions, physical parameters, and genetic makeup of the respective organisms. The nature and
concentration of some components of the fermentation medium also have a marked effect on secondary
metabolite production [53, 54]. The present study looked into the production of antifungal metabolites by
Streptomyces sp. strain nkml in various media. The antifungal activity of crude ethyl acetate extract was
significant. The majority of antifungal compounds were extracted using ethyl acetate [49, 55, 56]. The current
results demonstrated that the antifungal compounds were produced extra cellularly in fermented medium.
Most of the secondary metabolites and antifungal antibiotics are extracellular in nature. Extra cellular products
of marine actinomycetes showed potent antifungal activities [57, 58].

Figure 1. Morphological characterizations of Streptomyces sp. nkm1, a) on M6 medium, b) Microscopic image of spores'
chain at 1500 X, c) Scanning electron microscope image of spores.
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Table 1. Morphological and biochemical tests for identification of strain nkml
on International Streptomyces project (ISP) medium 2.

Characteristics features Strain nkm1

Gram reaction

Positive

Mycelium

Aerial mycelium

Color of the mycelium White

Production of diffusible pigment -

Range of temperature for growth 28°C-38°C
Optimum temperature for growth 30°C
Range of pH for growth 5.0-7.5
Optimum pH for growth 7.0

Hydrolysis of

Protease +
Catalase +
Amylase +
Lipase +
Gelatinase -
H.S production -
Utilization of carbon source

L-Arabinose -
Fructose +
Galactose +
Inositol -
D-Mannitol +
Rhamnose -
Soluble starch +
Sucrose +
Xylose -
Cellulose -
Glucose +

1(+) means presence; ?(-) means absence
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24520

Streptomyces sp. nkm1 165 ribosomal RNA gene partial sequence

1.4520

27940

Gl Streptomyces violascens strain NWUI16 165 ribosomal RNA gene partial sequence

Streptomyces sp. PM-5 165 ribosomal RNA gene partial sequence

ATB Streptomyces sp. 172624¢ 165 ribosomal RNA gene partial sequence

0.3333

3.9226

Streptomyces tacrolimicus strain ATCC 55098 165 ribosomal RNA gene partial sequence

el Streptomyces somaliensis strain NWU196 165 ribosomal RNA gene partial sequence

0.8925

14517

3.3943

Streptomyces albus strain CAS4 165 ribosomal RNA gene partial sequence

ZP%_Streptomyces sp. JG-1 168 ribosomal RNA gene partial sequence

0.3837

27998

Streptomyces sp. PMb 16S ribosomal RNA gene partial sequence

AWE Streptomyces sp. M045 165 ribosomal RNA gene partial sequence

1.2473

3.0042

Streptomyces sp. NIOT-BARRENQ9 165 ribosomal RNA gene partial sequence

Figure 2. Evolutionary relationships of taxa of Streptomyces sp. nkm1.

Table 2. Preliminary screening of antifungal activity of Streptomyces sp. nkm1
fungi by cross streak method on Modified Nutrient Glucose Medium (MNGA)

Plant

pathogenic Fungi Inhibition*

Fusarium oxysporum +

Phytophthora palmivora -

Aspergillus flavus +
Botrytis conerea +
Alternaria alternata +
Cerscospora capsici +
Rhizoctonia solani +
Emericella unguis +
Cladosporium herbarum +

Helminthosporium papulosum -

1 (+) means Activity; ?(-) means no activity
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h,_ : A.c_ \

Figure 3. Preliminary screening of antifungal activity of Streptomyces sp. nkm1 against plant pathogenic fungi; a) F.
oxysporum; b) A. flavus; c) A. alternate; d) C. herbarum.

Figure 4. Antifungal activity of Streptomyces sp. nkm1 against plant pathogenic fungi by well diffusion method; a) F.
oxysporum; b) A. flavus; c) A. alternate; d) C. herbarum.
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Table 3. Antifungal activity of Streptomyces sp. nkm1 against plant pathogenic fungi with different production media by
well diffusion method.

Plant Pathogenic Fungi

Zone of inhibition (mm)/production media*

SB YPGM M6 TSB MNGM

F. oxysporum 13.00+£0.50 17.00+0.15 18.00+0.05 11.00+0.10 15.00+0.25
P. palmivora NZ® NZ 6.00+0.05 NZ NZ

A. flavus 15.00+0.10 18.00+0.55 21.00+0.07 21.00+0.12 18.00+0.18
B. conerea 14.00+0.21  19.00+0.25 20.00+0.30  10.00+0.05 16.00+0.15
A. alternata 12.00+0.20  20.00+0.75 21.00+0.60  19.00+0.40 19.00+0.25
C. capsici 11.00£0.25 21.00+1.05 23.00+0.85 20.00+0.55 24.00+0.75
R. solani 12.00+0.16  19.00+1.15 20.00+0.40 17.00+0.30 18.00+0.60
E. unguis 14.00£0.20 20.00+0.75 18.00+0.30 15.00+0.25 21.00+0.40
C. herbarum 13.00+£0.50 22.00+1.00 17.00+0.70 21.00+0.90 25.00+1.50
H. papulosum NZ NZ 9.00x£0.10 NZ NZ

*SDA means (Sabourad Dextrose Broth), YPGM means (Yeast Peptone Glucose Medium), TSB means(Tryptic Soy

Broth), M6 means (Fermentation Media 6), MNGM means (Modified Nutrient Glucose Medium), *NZ means No Zone

Table 4. MIC value of Streptomyces sp. strain nkm1 ethyl acetate extract.

MIC pg/mL

Plant Pathogenic Fungi .
nkm1 Amphotericin B

F. oxysporum 62.50 <12.50

P. palmivora 31.25 <12.50

A. flavus 31.25 <12.50

B. conerea 125.00 <12.50

A. alternata 125.00 <12.50

C. capsici 62.50 <12.50

R. solani 31.25 25.00

E. unguis 15.62 25.00

C. herbarum 31.25 25.00

H. papulosum 250.00 25.00

MIC= minimal inhibition concentration, nkm1 = strain of Streptomyces
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Table 5. GC-MS analysis of active ethyl acetate extract of Streptomyces sp. nkm1.

10

Name of the volatile compound RT Molecular Formula Peak % MW
3-Trifluoroacetoxypentadecane 4.626 Ci7H31F302 11.9 324.4
Hexadecane 13.122 Ci6Hzs 10.5 226.44
Phthalic acid, butyl undecyl ester 14.279 C23H3604 10.5 376.5
1-lodo-2-methylundecane 20.70 C12H2sl 10.2 296.23
Tetradecane 10.637 Ci14H30 8.42 198.39
Tetradecane, 2,6,10-trimethyl- 23.043 Ci17H3s 7.60 240.50
Pterin-6-carboxylic acid 4.712 C7HsNsO3 7.34 207.15
1-Octadecanesulphonyl chloride 15.222 C1sH37ClO2S 6.77 352
Decane, 2,4,6-trimethyl- 10.18 Ci3Has 5.78 184.36
Nonadecane 15.435 C1oHa0 5.10 268.52
4-Trifluoroacetoxypentadecane 8.44 Ci7H31F302 457 324
Phthalic acid, isobutyl octadecyl ester 14.68 C30H5004 4.15 474.726
3-Trifluoroacetoxytetradecane 11.907 C16H20F30 3.22 310.39
Decane, 2,3,5,8-tetramethyl 12.1 C14H30 3.09 198.39
Tridecane 3.48 CisHzs 2.9 184.36
Didodecyl phthalate 13.2 C32H5404 2.93 502.8
2-Trifluoroacetoxytetradecane 12.1 Ci6H20F302 2.85 310.39
10-Heneicosene 18.15 CaiHa2 2.84 294.6
Ethanol, 2-(hexadecyloxy)- 8.2 C18H3802 2.73 289.5
5-Eicosene, (E)- 20.255 CaoHao 2.52 280.53
Trichloroacetic acid, tetradecyl ester 16.61 C16H29Cl30> 2.51 359.8
3-Eicosene, (E)- 13.324 CaoHao 2.50 280.54
1-Hexadecanol 9.770 C16H340 2.41 242.26
Dodecane, 2,6,10-trimethyl 22.06 CisHz2 2.33 212
Heptadecane, 2,6-dimethyl 21.2 C19H40 2.24 268.5
Dodecane, 2,6,11-trimethyl- 20.1 CisHa2 2.24 212.41

CONCLUSION

The present study showed the influence of different nutritional media and culture conditions on antifungal
compound production by Streptomyces sp. strain nkm 1. It also demonstrated that the maximum biological
activities were found in the extract of M6 production medium. In addition, extracellular volatile metabolites in
the culture extract of strain nkm1 inhibited the growth of plant pathogenic fungi more particularly F. oxysporum
and A. flavus with minimum MIC values. Hence, the Streptomyces sp. strain nkml can be exploited as

efficient biocontrol candidate for fungal diseases of economically important crops.
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