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ABSTRACT

A total of 104 actinomycete isolates were recovered from farming soil samples collected
from 11 states in Sudan. Upon screening for potential antifungal activity, an actinomycete
isolate (R92) was found to be highly antagonistic against all of the tested phytopathogenic
fungi. It was identified as Streptomyces rochei on the basis of its morphology,
chemotaxonomy and 16S rDNA sequence analysis. In vivo antagonistic activities of the n-
butanol extract of R92 culture were significant since the progress of Drechslera halodes
leaf spot on sorghum and Alternaria alternata early blight on tomato was highly restricted
and incidence of both diseases was greatly suppressed. Trials to evaluate the In vivo
control efficacy of this extract under field conditions is recommended.
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1. INTRODUCTION

Streptomyces is the largest antibiotic producing genus in the microbial world discovered so
far. Approximately 60% of the antibiotics were isolated from species of this genus [1]. Watve
et al. [2] presented a mathematical model which estimated the total number of bioactive
compounds that this genus is capable of producing to be in the order of a 100.000, a tiny
fraction of this has been discovered so far.

About 80% of plant diseases are traced to fungi [3] which cause very serious crop diseases.
Examples of important fungal plant diseases in Sudan include: Alternaria early blight on
tomato, Alternaria leaf spot on sesame, Macrophomina charcoal rot on sesame, Drechslera
leaf spot on sorghum, Colletotrichum tissue necrosis in beans, Drechslera maydis leaf blight
on corn and Drechslera halodes leaf spot on sorghum [4] and fusarium wilt caused by
Fusarium spp. [5].

Although antifungal agents have an important role in the control of mycotic plant and animal
diseases, they are very few [6].  This is because fungi, like plant cells, are eukaryotes and
therefore agents that inhibit fungal growth have greater potential for toxicity on plant cells as
well [7]. Nevertheless, reports have shown that Streptomyces continue to remain an
important source of antifungals, examples included:  24-Demethyl-bafilomycin C1 [8],
Levorin [9], Phenyl-1-napthyl-phenyl acetamide and DPTB16 [6], and
(6S,8aS,9S,11S,12aR)-6-hydroxy-9,10-dimethyldecahydrobenzo[d]azecine-2,4,12(3H)-
trione [10].

Streptomyces species can therefore contribute significantly to agricultural fungicides. This
means that if the screening efforts are maintained, new antifungal compounds are expected
to be discovered regularly. It should be emphasized that, the search for such compounds
requires a large number of isolates [11]. The aim of this study was to screen locally isolated
Streptomyces for production of potent antifungal agents that can be used to control some
selected important fungal plant pathogens.

2. MATERIALS AND METHODS

2.1 Source and Isolation of Actinomycetes Isolates

Streptomyces isolates (n=104) used throughout this study were isolated from different soil
samples collected from different locations in 11 States in Sudan. Soil samples were taken
from a depth of 15-20cm after removing approximately 3cm of the earth surface, and were
then air-dried at room temperature for two days. The soil suspension technique described by
Oskay et al. [12] was used. Isolation was performed in Glycerol Arginine Agar (GAA)
medium supplemented with Nystatin (50µg/ml) and Chloramphenicol (1µg/ml). Colonies
characteristic of Streptomycetaceae that appeared on the incubated plates were selected,
repeatedly subcultured for purification and preserved in the maintenance medium (Glycerol
Asparagine Agar) at 4ºC.

2.2 Screening of Presumptive Streptomyces Isolates for Antifungal Activity

In vitro antifungal activities of Streptomyces were assessed against four phytopathogenic
fungi according to the Agar diffusion method described by Taechowisan et al. [13].
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Phytopathogens tested were: Drechslera halodes, Alternaria alternata, Alternaria sesami
and Macrophomina phaseolina.

2.3 Characterization and Identification of R92 Streptomyces Isolate

R92 was characterized following the directions given by the International Streptomyces
Project ISP [14,15]. Cell wall composition was determined according to the method of
Becker et al. [16].

R92 was then identified through alighment of its 16S rDNA sequence with sequences in the
NCBI. Two universal primers: pA (5ꞌ-AGAGTTTGATCCTGGCTCAG-3ꞌ) and R1492 (5ꞌ-
TACGGTTACCTTGTTACGACTT-3ꞌ) were used for this purpose. Amplification reactions
were performed in volumes of 25 L containing 20 ng template DNA, 0.4 M of each primer,
1X buffer with Mg2+, 1U of Taq DNA Polymerase (Promega, USA) and 0.2mM dNTPs.
Nucleases free water was used to bring the reaction volume to 25 L. After initial
denaturation at 95ºC for 2min, samples were cycled for 35 PCR cycles using the following
cycle profile: 95ºC denaturation for 1 min, primer annealing at 55ºC for 1 min, and extension
at 72°C for 2 min, followed by a final 5 min elongation step at 72ºC. The amplified PCR
product (>1300bp) was separated on 1.2% (w/v) Agarose gel, purified and was fully
sequenced. The obtained 16S rDNA gene sequence data were analyzed using BLASTnt
search program at the NCBI website (http://www.ncbi.nlm.nih.gov/BLAST/). The sequences
were deposited in the gene bank and were aligned via MEGA version 6.0 [17] and the
phylogenetic tree was constructed using the neighbor-joining method [18]. The statistical
significance of the tree was obtained by 2000 bootstrap analysis.

2.4 Production of Antifungal Compound by R92 in Submerged Culture

Isolate R92 was grown in submerged culture using Bennet Broth medium. A pure colony
from 14-days old culture was transferred to Bennet Agar medium, pH 7.2, and incubated at
28ºC. After ten days, a pure colony was used to inoculate 150ml of Bennet Broth in 250ml
Erlenmeyer flasks. Flasks were incubated at room temperature (28-30ºC) for 30 days at 180
rpm. At the end of the incubation period, the fermentation broth was mixed with n-butanol
(1:1 v/v) and centrifuged for 10 min. at 3000rpm. Supernatant was concentrated under
reduced pressure in a freeze-drier, and 250μg of the extract were dissolved in 5ml of
dimethyl sulfoxide (DMSO) to give a final concentration of 50μg/ml. To this, 500ml of water:
methanol (19:1 v/v) and 125ml of Tween 80 were added. The In vitro and In vivo antifungal
activities of this extract preparation were tested.

2.4 In vitro Antifungal Activity of the Broth Culture Extracts

A piece of a well-grown Corn Meal Agar (CMA) cultures of D. halodes, A. alternata, A.
sesami and M. phaseolina were cut with a cork borer, placed each in the centre of a freshly
prepared CMA plate and incubated for 2 days. Filter paper discs (6mm diameter) were
loaded, each with ten μl of each of three selected commercial antifungal agents (Nystatin,
Mycostatin and Itracon) and the broth culture extract of isolate R92. The discs were left to
dry and placed onto the pre-seeded CMA plates at 30mm distance from the fungus culture.
The plates were incubated for 3 days at 24ºC and the diameters of growth inhibition zones
were measured and compared with those of the commercial antibiotics [19].
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2.5 Minimum Inhibitory Concentration (MIC) Of R92 Broth Culture Extract
against D. halodes

The n-butanol extract of R92 culture was dissolved in DMSO and then serially diluted to final
concentrations (µg/ml) of 480, 240, 120, 60, 30 and 15. Filter paper discs (6.0mm in
diameter) were loaded each with one of the prepared culture extract concentrations and
were left to dry. A piece of a well grown CMA culture of D. halodes was cut with a cork borer,
seeded in the center of a freshly prepared CMA plate and incubated for two days. Loaded
filter paper discs were then placed in the CMA plate at 30mm distance from the seeded D.
halodes plug culture, incubated for three days and growth inhibition zones were measured.

2.5 In vivo Anti-Fungal Activity of R92 Broth Culture Extract

Seedlings of sorghum and tomato were raised in vinyl pots in the greenhouse at 25±5°C for
5 weeks. The raised seedlings were sprayed with R92 broth culture extract and left to grow
for 24hrs before they were inoculated with D. halodes and A. alternata spores’ suspension
(103-107 spores/ml), respectively. Seedlings were then incubated in the dark for one day at
25 ±2ºC at 100% Relative Humidity (RH), transferred to the green house and left to grow
under the conditions of 70-80% RH, 25 ±2ºC with 12h of light per day. A control set, in which
seedlings were sprayed with Tween 80 and water-methanol alone instead of R92 broth
culture extract was included. Inoculated seedlings were examined daily for the appearance
of disease symptoms. The percentage of seedlings showing disease symptoms were
calculated according to Lee and Hwang [20].

In another In vivo experiment, a set of seedlings of each plant were first inoculated each with
its respective spores’ suspension (103-107 spores/ml) of the test fungi and incubated in the
dark for one day at 25±2ºC and 100% RH. The seedlings were then transferred to the
greenhouse, left to grow under the conditions of 70-80% RH, 25±2ºC with 12h of light per
day for 72h. The diameters of necrotic spots were measured and recorded. Seedlings of
each test plant (sorghum and tomato) were then divided into two lots, the first was sprayed
with R92 broth culture extract preparation while the second was not (control). Both lots were
left to grow for 24 hours, their spot diameters were then re-measured and the % increments
in spot diameter in both lots were calculated.

3. RESULTS

3.1 Isolation and In vitro Screening of Presumptive Streptomyces for
Antifungal Activity

One hundred and four presumptive Streptomyces isolates were recovered and tested In vitro
for antifungal activity. Only actinomycetes showing inhibition zone diameters of 5mm and
above, against any of the tested fungi, were considered active. Approximately, 60% were
found to be inhibitory (inhibition zone ≥ 5mm) to the growth of one or more of the
phytopathogenic fungi tested. While 53% of the isolates were active against all of the tested
fungi, 21% have failed to exhibit any activity against any of these fungi (Table 1; Plate 1).

Representative data for the most active actinomycetes isolates with inhibition zone
diameters of 16mm and above is shown in Table 2. The presumptive Streptomyces isolate
encoded R92 was selected for characterization, identification and for In vivo experiments
due to the strong suppression it caused on all of the tested phytopathogenic fungi; results of
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characterization are shown in Table 3. The isolate produces a brown vegetative mycelium
with powdery surface and a grey aerial mycelium with spiral-shaped conidia. It utilized
rhaminose, L-arabinose, glucose, fructose, sucrose, maltose, lactose and mannitol as sole
carbon sources. It was also positive for some biochemical activities such as production of
melanin, H2S, organic acids and can liquefy gelatin, hydrolyze starch and express catalase,
oxidase, nitrate reductase and urease. The isolate possesses LL-diaminopimelic acid but not
mycolic acid in its cell wall. These later criteria place R92 in the genus Streptomyces [21].

(A)                                              (B)

Plate 1. Effect of Streptomyces R92 on: (a) D. halodes and (b) A. alternata

Table 1. Inhibition zones diameters (mm) shown by Streptomyces isolates

Range of inhibition
zone diameters in mm

Number of presumptive Streptomyces isolates  active against
Drechslera
halodes

Alternaria
alternata

Alternaria
sesami

Macrophomina
phaseolina

All tested
fungi

26-34 (highly active) 1 1 1 1 1
16-25 (active) 10 10 10 8 7
5-15 (moderately active) 50 51 51 52 48
0-4 (inactive) 43 42 42 43 48
Total 104 104 104 104 104

3.2 16S rDNA-Based Identification

The 1306 bp sequence of Streptomyces R92 showed 100% similarity (Fig.1) with the
nucleotide sequences of Streptomyces rochei strain SCSIOZ-SH13 (accession number
KC747481) and S. rochei strain S41 (accession number JX007969) from China, and 99%
similarity with each of S. rochei HBUM 174697 (accession number FJ532458) and S. rochei
KMB-1 from Pakistan (accession number KJ020689). The strain was designated as
Streptomyces rochei R92 (accession number KJ689444).

3.3 Production of S. Rochei R92 Active Metabolite in Submerged Culture

The crude extract of the cell free culture broth of S. rochei R92 showed higher inhibition
zone diameters (17-19mm) against all tested phytopathogens (Table 4) when compared to

isolate R92

A. alternata

isolate R92

D. halodes
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the three commercial antibiotics tested viz Nystatin (6-9mm), Mycostatin (4-6mm) and
Atracin (3-5mm). The MIC values recorded for the extract against D. halodes was 30µg/ml.

Fig. 1. Phylogenetic tree of the 16S rDNA based on the neighbour-joining method

Table 2. Inhibition zones diameters (mm) shown by selected Streptomyces isolates
against plant pathogenic fungi

Isolate code Drechslera
halodes

Alternaria
alternata

Alternaria
sesami

Macrophomina
phaseolina

RI 14 15 14 16
R2 15 14 16 15
R6 17 17 16 15
R8 17 20 19 16
R9 17 18 17 20
R10 15 16 16 14
R13 16 16 15 14
R15 16 13 13 14
R19 17 16 18 20
R28 18 16 18 17
R29 19 20 17 19
R39 21 20 22 23
R43 20 23 22 23
R92 33 34 32 33
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3.4 In vivo Activity of S. rochei R92 Culture Extract

Sorghum and tomato seedlings inoculated, each with its respective fungal pathogen, and
treated with S. rochei R92 broth culture extract were found to be free of disease symptoms
(zero infection percentages). Seedlings of the positive control, have recorded 100% infection
(Table 5). Table 6 shows the development of disease symptoms expressed as percentage
increment in the diameter of leaf spot on sorghum and tomato seedlings sprayed with R92
culture extract 72 hours after their infection by D. halodes and A. alternata, respectively.
Sorghum and tomato seedlings sprayed with S. rochei R92 culture extract have shown less
percentage increments in spot diameters. The increment was 37.9% in the case of sprayed
sorghum seedlings compared to 251.7% for non-sprayed seedlings. Similarly, sprayed and
non-sprayed tomato seedlings have recorded 110% and 230% increments, respectively.

Table 3. Characteristics of potential Streptomyces R92 isolate

Colony characteristics Biochemical and physiological
characteristics:

Shape Concentric Oxidase + ve
Choromogenesis Grey Catalase + ve
Edge Smooth Melanin production + ve
Opacity Opaque Nitrate reduction + ve
Elevation Umbonate H2S production - ve
Surface Powdery Casein hydrolysis - ve
Consistency Dry Organic acid fermentation + ve
Microscopical characteristics: Gelatin liquefaction + ve
Gram stain + ve Urease + ve
Acid fast - ve Starch hydrolysis + ve
Aerial mycelium Present Sugar utilization Rhaminose, Arabinose,

Glucose, Fructose,
Sucrose, Maltose,
Lactose, Mannitol are
utilized

Conidia shape spiral
Cell wall composition:
LL-diaminopimelic acid Present
Meso-diaminopimelic acid Absent
Mycolic acid Absent

Table 4. Inhibition zones diameters (mm) shown by R92 culture extract and some
commercial antifungal agents

Bioactive agent Drechslera
halodes

Alternaria
alternata

Alternaria
sesami

Macrophomina
phaseolina

R92 extract 19 18 18 17
Nystatin 10 9 9 12
Mycostatin 7 8 7 9
Itracon 5 3 4 5
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Table 5. Effect of spraying by R92 culture extract on percentage infection due to inoculation of sorghum and tomato by
pathogens under test

Treatment Percentage infection on
Sorghum (infected by
D. halodes)

Tomato (infected
by A. alternata)

Seedlings not treated with R92 extract and uninoculated with pathogenic
spores (-ve control)

Zero Zero

Seedlings not treated with R92 extract but inoculated with pathogenic spores
(+ve control)

100 100

Seedlings treated with R92 extract and inoculated with pathogenic spores Zero Zero

Table 6. Effect of sparying with R92 extract on percentage increments in spot diameters caused by phytopathogens on
sorghum and tomato

Treatment Diameters of spot area in mm
Sorghum Tomato

After 72 hrs After 96 hrs % increment in
spot diameter

After 72 hrs After 96 hrs % increment in
spot diameter

Seedlings infected,
and then sprayed with
R92 culture extract
after 96 hrs.

2.9*±0.76 4.3±1.4 37.9 1.0±0.21 2.1±0.29 110

Control seedlings
infected but not
sprayed

2.9±0.76 10.2±1.38 251.7 1.0±0.21 3.3±0.41 230

*mean of 30 spots ±SD
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4. DISCUSSION

All recovered actinomycetes (n=104) were considered as presumptive Streptomyces
depending on their mycelium configuration and their abilities to grow on GAA medium
supplemented with Nystatin (50µg/ml) and Chloramphenicol (1µg/ml). This medium was
reported to be specific and sensitive for Streptomyces, since it contains glycerol that most
actinomycetes use as sole carbon source [12,22,23]. Screening of the 104 presumptive
Streptomyces for antifungal production revealed 60% antagonistic activity against one or
more of the tested fungi. In similar screening studies, researchers have reported varying
percentages of actinomycetes active against fungi. For example, out of 110 Streptomyces
isolates only 14 (12.7%) were reported to exhibit antifungal activities against eight
phytopathogenic fungi [24]. Similarly, 14% of 218 actinomycetes isolates obtained from 26
soil and water samples were found to be active against dermatophytic fungi [25]. The total
percentage of antagonistic activities against different fungi in recent studies were reported as
6.8% [26,27], 31% [28,29] and 7% against Fusarium oxysporium [30].

In this study, 21% of the isolated Streptomyces failed to exhibit inhibitory effect against any
of the tested fungi. As Streptomycetes are known to possess 10-20 gene clusters that code
for the production of active metabolites, it is possible that these isolates be active against
some members of other groups of microorganisms or they require a different set of
cultivation conditions for active secondary metabolites production. Previous reports have
shown that the expression of genes responsible for active metabolite production is
dependent on growth conditions [31,25].

16S rDNA-based identification indicated that R92 is 100% S. rochei (accession number
KJ689444). The antibacterial activity of S. rochei is well known against both Gram negative
and Gram positive bacteria [32- 34]. Ugur and Sahin [35] reported that S. rochei MU119 was
inactive against Bacillus subtilis, Escherichia coli, Staphylococcus aureus and Candida
albicans. The activity of S. rochei S785-16 against Aspergillus fumigatus was reported by
Kotake et al. [35]. Augustine et al. [25] reported that Streptomyces rochei AK39 was active
only against dermatophytes whereas yeast and molds like Aspergillus niger and Fusarium
oxysporium were resistant. Contradictory to this, Kavitha and Vijayalakshmi [34] reported a
strong activity of S. rochei MTCC8376 metabolite against Apergillus niger and Fusarium
oxysporium. The inconsistent results reported by different investigators may be due to
different S. rochei strains or to different sensitivity pattern exhibited by different strains of the
tested bacteria and/or fungi.

The n-butanol extract of the 6-days old cell free S. rochei R92 culture was more potent
against the phytopathogenic fungi when compared with the tested commercial antifungal
agents. Results are also comparable to the results recorded by Ouhdouch et al. [36] in
Morocco, El-Naggar et al. [37] in Egypt, Hoon et al. [38] in Korea and Khamna et al. [27] in
Japan for their actinomycetes isolates against some phytopathogenic fungi. The MIC value
of R92 culture extract against D. halodes was 30µg/ml; this again indicates the strong
potency of this extract. Taechowison et al. [39] reported higher MIC values of 480 and
30µg/ml for a Streptomyces sp. culture extract against Fusarium oxysporium and
Colletotrichum gloeosporioides, respectively.

Results of the In vivo experiments indicated a strong curing value of S. rochei R92 cell free
culture extract. The In vivo control efficacies of the extract was substantial since the
progress of D. halodes leaf spot on sorghum and A. alternata early blight on tomato was
significantly (p=0.01) restricted and incidence of both diseases was completely suppressed.
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Results of In vitro and In vivo experiments provided strong evidence that R92 culture extract
could protect sorghum and tomato crops from D. halodes leaf spot and A. alternata early
blight, respectively. This is in agreement with previous reports which highlighted the
potentiality of Streptomyces as biocontrol agents. For example, Streptomyces ambofaciens
was suggested for the control of damping-off in tomato and Fusarium wilt in cotton [40]. Lee
and Hwang [20] recommended the use of S. lipmanii as a control agent against rice blast
caused by Magnaporthe grisea. Kanini et al. [30] reported the ability of Streptomyces rochei
ACTAI55I to protect tomato seeds from the pathogenic effect of Fusarium oxysporium. The
culture filtrate of S. spectabilis CMU-PA101 has also been reported to control shallot blotch
caused by Alternaria porri [27].

5. CONCLUSION

S. rochei R92 was found to be very effective not only in vitro inhibition of growth of D.
halodes, A. alternata, A. sesami and M. phaseolina but also in preventing both incidence and
development of leaf spot diseases caused by A. alternata and D. halodes on tomato and
sorghum, respectively. Trials are required to evaluate the efficiency of this isolate as a
biofungicide under field conditions. Results also demonstrated that isolation of Streptomyces
species from diverse geographical locations may present a significant capacity for the
discovery of potent natural antifungal agents.
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