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Abstract 
Seven Streptomyces strains from chili farm soil, including Strep-1, Strep-

2, Strep-4, Strep-5, Strep-6, Strep-8, and Strep-10, were screened for their 
antifungal activities against Fusarium sp. of chili's root rot disease. The results 
showed that Streptomyces sp. Strep-4 and Streptomyces sp. Strep-8 performed 
potential abilities to control the pathogenic Fusarium of which means of 
antifungal efficacies were 43,88 ± 3,21% and 51,8 ± 2,54%, in turn. Extensive 
researches on the effects of inoculum factors on antifungal activity of 
Streptomyces sp. Strep-8 resulted that this strain spontaneously synthesized the 
antifungal compounds to control Fusarium in the culture condition with pH 7, 
40oC of culture temperature, and 7 days of culture time. The results proved that 
Streptomyces sp. Strep-8 with its thermophilic ability not only provided significant 
inhibitory activity against pathogenic Fusarium sp. in vitro also promised to be a 
potential biological control agent to eliminate this fungus on fields. Moreover, 
using Streptomyces sp. Strep-8 as a biological control agent helps reduce the use 
of fungicides which contributes to boosting the sustainability of agricultural 
ecosystems worldwide. 
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Introduction 
Fusarium spp. have been observed worldwide from tropical to temperate regions and 

even in harsh climates (Early, 2009). This genus is imperfect fungi consisting of various plant 
pathogenic agents (Suga & Hyakumachi, 2004). Fusarium species have a very broad host range 
resulting in causing economic losses in all cereal crops in many regions over the world (Voigt, 
2002). Fusarium  spp. have been known to be responsible to diseases of wheat, corn, barley, 
rice and other small grains (Osrborn & Stein, 2007). Actually, the worldwide harvested crops 

are recorded to be contaminated with mycotoxins from 25 to 50 percent (Ricciardi et al., 
2013). Moreover, Fusarium mycotoxins, including fumonisins and trichothecenes produced 

by Fusarium spp. can be fatal for animals and humans (Rheeder et al., 2002), exhibit both 
acute and chronic toxic effects in humans and animals (Marin et al., 2013). These different 
toxins cause virulence during the development of diseases in plants, contaminating grains 
before being consumed by humans and livestock (Bakker et al., 2018). Many papers have 
been documented that Fusarium species cause a wide spectrum of infections in humans such 
as onychomycosis, skin infections, keratitis (Van Diepeningen et al ., 2014) and involving the 
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skin, brain, bloodstream, lungs, eyes, and bones( Van Diepeningen et al., 2014; Garcia et al., 
2015; Douglas et al., 2016).  
 Streptomyces is a genus of actinobacteria, inluding filamentous Gram positive soil 
bacteria with a high G + C content and well known for their ability as biological control agent 
(El-Tarabily, 2008; Caraveo et al., 2014; Soltani et al., 2015). They can produce enormous 
varieties of secondary metabolites that have been developed into biofungicides. (Rashad et 
al., 2015). The antagonistic activity of Streptomyces against fungal pathogens is usually 
related to the production of antifungal compounds (Getha et al., 2002; Fguira et al., 2005) and 
extracellular hydrolytic enzymes such as Chitinase and β-1,3-glucanase are considered to be 
important hydrolytic enzymes in the lysis of fungal cell walls (Trejo-Estrada et al., 1998; 
Mukherjee & Sen, 2006). 

 In this study, seven strains of Streptomyces spp. obtained from soil of chili farm in Binh 
Duong, Viet Nam were screened for the ability to control the Fusarium sp. causing the root 
rot disease in Chili. Besides, the antifungal activity of Streptomyces was also evaluated in 
some different inoculum conditions. 

Materials and Methods 
Preparation of Fusarium sp. and Streptomyces spp. 
 Fusarium sp. and  seven strains of Streptomyces spp. were kindly provided by the 
Labolatory of Microorganism and Biochemistry, The institute of applied technology, Thu Dau 

Mot university, Binh Duong, Viet Nam. Fusarium sp. was isolated from the rotted root of chili 
and store on the PDA (Potato – Dextrose – Agar) slants at 5oC. The pathogenic Fusarium was 

cultivated on PDA petri disk before using in experiments. Besides, Streptomyces spp. were 
isolated from soil of chili farms in Binh Duong, Viet Nam and stored at 5oC on Gause II slants 
for actinobacteria. All Streptomyces spp. were also activated on petri disks poured into by 15 
ml of Gause I agar medium before studies (Caraveo et al, 2014, Getha & Vikineswary, 2002). 

Preparation of Streptomyces spp. antifungal supernatant (AS) 
Streptomyces spp. were cultured on Gause I agar medium at 37oC for 7 days before 

tranfering aseptically into erlen containing 200 ml of Gause I broth. The inoculated erlens with 

different were continuously cultured in orbital incubator shaker at 180 rpm, 37oC for 5 days, 
then their biomasses were centrifuged at 4500 rpm to remove pellet and collect the 
supernatant for study on Streptromyces antifungal activity (AA) (Amini et al. 2016). 

In vitro Bioassay of Streptromyces antifungal activity against Fusarium 
 Antifungal activities (AAs) of Streptomyces spp. against Fusarium sp. were determined by 
the agar well diffusion method.The principle was based on the diffusion of the antifungal 
compounds of the supernatant into the agar to inhibit the growth of Fusarium colony and 
formed inhibiting zones. Practically, using sterile cork borer to dig four wells with d = 8 mm 
on each Petri dish containing 15 mL of  PDA medium (Potato Dextrose Agar) on four sites at 
equal distances from the center of plates, before dropping 100 μL of prepared Streptomyces 

supernatant into each well. Then a single eight-millimeter diameter disc of Fusarium sp., 
obtained from the already inoculated PDA plates with tested fungi (100 μL; 105 spores/mL) 
for 5 days, was put in the middle of tested Petri dish. The same actions were carried out for 
the control, although sterilized distilled water was used to replace to Streptomyces 
supernatant. The experimental and control groups were were kept at 4°C for 30 mins to well 
diffuse the antifungal compounds. Then the PDA plates were incubated at 30°C and measured 
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the diameter of Fusarium colony in millimeter (Bauer et al., 1966; NCCLS, 2000; Balouirin et 
al., 2016). The experimental and control groups were replicated 3 times to calculate their 
means. 
 The modified Abbott’s formula was applied to determine the antifungal efficacy (AE) 
of Streptomyces spp. supernatant against Fuasarium sp (Balouirin et al., 2016). 
 

𝐻 =
D − d

D
  x 100 (percent control %) 

Note: 
 D : the mean of diameter of Fusarium colony (MDFC) in control groups (mm) 
  d : the mean of diameter of Fusatium colony in experimental groups (mm) 

H : the antifungal activity efficacy of Streptomyces supernatant (%) 

Screening antifungal activity of Streptomyces supernatants in different initial pH scales 
 Streptomyces spp. were cultured on Gause I agar medium at 37oC for 7 days before 
tranfering aseptically into five erlens containing 200 ml of Gause I broth with the initial pH 

scales 4, 5, 6, 7, 8. The pH scale of medium was measured by pH meter (HANNA) and adjusted 
by HCl 0,1N and NaOH 0,1N. The inoculated erlens with different initial pH scales were 

continuously cultured in orbital incubator shaker at 180 rpm, 37oC for 5 days, then the 
Streptomyces biomass was centrifuged at 4500 rpm to remove pellet and collect their 
supernatant for testing the AA against Fusarium sp. by the agar well diffusion method. The 

optimistic initial pH level induced the highest AE was recorded and applied for next 
experiments. 

Screening antifungal activity of Streptomyces supernatants in different conditions of 
culturing temperature 
 Streptomyces spp. were cultured on Gause I agar medium at 37oC for 7 days before 
tranfering aseptically into five erlens containing 200 ml of Gause I broth with the recorded 
optimistic initial pH. The pH scale of medium was measured by pH meter and adjusted by HCl 
0,1N and NaOH 0,1N. The inoculated erlens were continuously cultured in orbital incubator 
shaker at 180 rpm and different culturing temperature including 25oC, 30oC, 35oC, 40oC and 
45oC for 5 days, then the Streptomyces biomass was centrifuged at 4500 rpm to remove pellet 
and collect the supernatant for testing the AA against Fusarium sp. by the agar well diffusion 
method. The optimistic temperature to induced the highest AE was recorded and applied for 
next experiments. 

Screening antifungal activity of Streptomyces supernatants at different culture time 
intervals 

Streptomyces spp. were cultured on Gause I agar medium at 37oC for 7 days before 
tranfering aseptically into five erlens containing 200 ml of Gause I broth with the recorded 

optimistic initial pH. The pH scale of medium was measured by pH meter and adjusted by HCl 
0,1N and NaOH 0,1N. The inoculated erlens were continuously cultured in orbital incubator 

shaker at 180 rpm and optimistic culturing temperature for different time intervals including 
3 days, 5 days, 7 days, 9 days and 11 days. Then the Streptomyces biomass was centrifuged 

at 4500 rpm to remove pellet and collect the supernatant for testing the AA against Fusarium 
by the agar well diffusion method. The optimistic time interval for the highest AE was 
recorded and applied for next experiments.  
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Data Analysis 
The information recorded in the groups under studies and controls was analysed by t -

Test for comparing means using STATGRAPHICS CENTURION XIX licensed software. Duncan’s 
Multiple Range Test was utilized to compare means.  (p < 0.05). 

Results and Discussion 

Antifungal activities of Streptomyces spp. against Fusarium sp. 

 Seven strains of Streptomyces were obtained from soil and screened for their 
antifungal activities (AAs) against Fusarium sp. to isolate the strongest strain in term of 
Fusarium sp. control. After culturing and collecting, their supernatants were examined for 

AAs by the agar well diffusion method on the Petri dishes containing PGA medium. The results 
of the screening experiments showed that most of Streptomyces strains were able to control 

Fusarium sp. (Table 1). Means of antifungal efficacies (AEs) were recorded differentially 
among screened Streptomyces strains. Among them, Strep-1, Strep-2, Strep-5, Strep-6 and 
Strep-10 performed very low AEs in term of Fusarium control of which were 6,61 ± 1,25%, 

3,64 ± 2,18%, 1,96 ± 0,23%, 3,86 ± 1,41% and 5,62 ± 1,01%, respectively. On the contrary, 
Strep-4 and Strep-8 showed their potential abilities to control the pathogenic Fusarium of 

which means of AEs were 43,88 ± 3,21% and 51,8 ± 2,54%, in turn, much higher than the 
others (p<0.05). The potential abilities to control Fusarium sp. of Strep-4 and Strep-8 were 
easily observed on the tested Petri dishes by their supernatants in which the means of 
Fusarium colony diameters (FuCDs) were very low growth including 26,16 ± 2,25  mm of Strep-
4 and 22,16 ± 3,68 mm of Strep-8 compared to the 50,5 ± 1,32 mm of the distilled-water 

control group. Moreover, the pathogenic Fusarium mycelia seemed to be inhibited to grow 
nearby the wells on the tested dishes whereas the mean of FuCD was 50,5 ± 1,32 mm and 

strongly overgrew the wells containing distilled water on control tested dishes (Figure 2). In 
comparison between the examined group, obviously, the Strep-8 showed its domination in 
term of Fusarium sp. control (the smallest mean of FuCD and the highest mean of AE) (Figure 

1) resulting in the Strep-8 was the chosen strain for deeper experiments on AA against 
Fusarium sp. of chili’s rotted root disease. 

Table 1. Antifungal activity of Streptomyces spp. against Fusarium sp. 

Strains 
d  

(Mean ± Sd, mm) 
D 

(Mean ± Sd, mm) 
D – d 

(Mean ± Sd, mm) 
Efficacy 

(Mean ± Sd, %) 

Strep-1 47,16  ± 5,00 c 

50,5 ± 1,32 

3.34 ± 1.21a 6,61 ± 1,25a 

Strep-2 48,66  ± 6,33 c 1.84 ± 0.25a 3,64 ± 2,18a 

Strep-4 26,16 ± 2,25 b 24.34 ± 2.31c 43,88 ± 3,21c 

Strep-5 49,51 ± 2,78c 0.99 ± 0.11a 1,96 ± 0,23a 

Strep-6 48,55 ± 3,5c 1.95 ± 0.75a 3,86 ± 1,41a 

Strep-8 22,16 ± 3,68 a  28.34 ± 2.15d 51,8 ± 2,54d 

Strep-10 47,66 ± 4,93c 2.84 ± 1.22a 5,62 ± 1,01a 

Note: Means with the same letters in the same column are not significantly different according 
to Duncan’s Multiple Range Test (P < 0.05) 
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Figure 1. The graph showed means of FuCDs and AEs of seven Streptomyces strains 
(p<0.05). The smaller mean of FuCD, the better AE of Streptomyces. 

 

 
Strep-4 vs Fusarium (a) 

 
Strep-8 vs Fusarium (b) 

 
Water vs Fusarium (Control) 

 

Figure 2. Fusarium mycelia on the PGA Petri tested dishes with wells containing 
supernatants and distilled water.  

a - Strep-4 supernatant; b – Strep-8 supernatant; Control – distilled water. 

The effect of initial pH levels on antifungal activities against Fusarium of Streptomyces sp. 
Strep-8 

 pH is one of inoculation factors not only affects on microbial growth, including 
Streptomyces spp. are not exceptional, also the ability to produce antifungal compounds. This 
test was designed to investigate and identified the optimal pH level for AA of Strep-8 against 
Fusarium sp.. The experimental results showed the pH played a crucial role in controlling the 
pathogenic Fusarium of Strep-8 (Table 2). The means of FuCDs in the acidic pH 4 and pH 5 

tested groups were 46.53 ± 1.50 mm and 41.33 ± 2.08 mm, respectively, whereas the mean 
of FuCD in control group was 50.67 ± 1.53 mm. As a result, means of AEs of acidic pH 4 and 

pH 5 were also low including 8.16 ± 2.96% and 18.43 ± 4.11%, in turn. The same result was 
observed in the pH 8 tested group with 47.5 ± 1.33 mm for the mean of FuCD and 
6.26  ± 2.61% for the antifungal efficacy. On the other hand, the smaller means of FuCDs and 
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the higher means of AEs of pH 6 and pH 7 experimental groups were differently recorded 
from the others (P<0.05). The treatment group with the pH 6 showed the mean of FuCD at 
25.1 ± 1.45 mm and the mean of AE at 50.46 ± 2.87% whilst in the neutral pH 7 tested group, 
these indexes were recorded the smallest one at 17.12 ± 1.26 mm and the highest one at 
66.12 ± 2.48% between tested groups. On the experimental agar Petri dishes, likely to the 
pathogenic fungi of control group with distilled water in wells, the Fusarium mycelia of pH 4, 
pH 5, and pH 8 tested groups grew strongly even to pass through the wells containing Strep -
8’s culturing supernatant. In contrast, in the pH 6 and pH 7 tested dishes, the added 
supernatants inhibited the growth of Fusarium mycelia near to the wells (Figure 3). Actually, 
the pH factor strongly affected on Strep-8 to produce antifungal compounds. The acidic pH 
(pH 4 and pH 5) and the basic pH (pH 8) did not boost Strep-8 to spontaneously synthesize 
the antifungal compounds to control Fusarium, which were forcefully enhanced by neutral 
pH 7. 

Table 2. Antifungal activities of Streptomyces sp. (Strep-8) against Fusarium sp. under the 

effect of different initial pH levels 

pH 
d 

(Mean ± sd, mm) 
D 

(Mean ± sd, mm) 
D – d 

(Mean ± sd, mm) 
 H 

(Mean ± sd, %) 

4 46.53 ± 1.50d 

50.67 ± 1.53 

4.14 ±  1.50a 8.16 ± 2.96a 

5 41.33 ± 2.08c 9.34 ±  2.08b 18.43 ± 4.11b 

6 25.1 ± 1.45b 25.57 ± 1.45c 50.46 ± 2.87c 

7 17.12 ± 1.26a 33.50 ± 1.26d 66.12 ± 2.48d 

8 47.5 ± 1.33d 3.17 ± 1.32a 6.26  ± 2.61a 

Note: Means with the same letters in the same column are not significantly different 
according to Duncan’s Multiple Range Test (P < 0.05)  

 

 
Figure 3. The graph showed the means of FuCDs and AEs of Strep-8 under different levels 

of pH (p<0.05). The smaller mean of FuCD, the better AE of Streptomyces. 

8.16

18.43

50.46

66.12

6.26

46.53
41.33

25.1

17.12

47.5

0

10

20

30

40

50

60

70

80

0

10

20

30

40

50

60

4 5 6 7 8

H%d, mm

pH

H

d



International Journal of Applied Biology, 8(1), 2024 

 

 

 

20 

   
pH 4 (a) pH 5 (b) pH 6 (c) 

   
pH 7 (d)  pH 8 (e) Control 

Figure 4. Fusarium mycelia on the Petri dishes with wells containing supernatants 
collected from Strep-8 biomasses at different initial pH levels for tested group and 

distilled water for control group. a,b,c,d,e - Strep-8 supernatants from different pH levels 

including 4, 5, 6, 7 and 8, respectively; Control - distilled water. 

The effect of culture temperature on antifungal activity against Fusarium of Streptomyces 

sp. Strep-8 
 To find out the culture temperature (CT) affected on the antifungal activity of Strep-8 

against Fusarium. An experiment was carried out by culturing Strep-8 at different CT 
conditions including 25oC, 30oC, 35oC, 40oC and 45oC with the optimistic pH 7 from  the above 
experiment, the results were demonstrated on table 3. Obviously, under the effects of culture 
temperatures (CTs), three groups belong to different rates of AAs were performed by Strep-
8. On Petri dishes, the supernatants were obtained from Strep-8 biomasses at 25oC and 30oC 

showed their weak AAs against Fusarium of which means of FuCDs were largely sized at 32.17 
± 2.75 mm and 30.27 ± 1.42 mm resulting in low means of AEs at 37.33 ± 5.37% and 41.03 ± 
2.76%, respectively. The CT at 35oC initially boosted Strep-8 to dramatically improve the 
antifungal activity with the mean of FuCD on the tested dishes at 18.17 ± 1.26 mm and 64.61 
± 2.45% for the mean of AE, showed the smallest mean of FuCD on the tested dishes at 11.83 

± 0.76 mm and the highest mean of AE at 76.95 ±1.49% in the 40oC experiment before slighly 
increased to 16.5 ± 1.5 mm of FuCD and reduced to 67.86 ± 2.93% of AE in the 45oC 

experiment. Moreover, obviously, the Petri tested dishes showed that CT strongly affected 
on the antagonistic activity of Strep-8 against Fusarium, of which the obseverved pathogenic 
Fusarium colonies were bordered by the antifungal compounds in wells excepted the control 

experiment with distilled water (figure 6). As a result, 40oC was considered as the optimistic 
CT for Strep-8 to produce antifungal compounds. 
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Table 3. Antifungal activities of Streptomyces sp. (Strep-8) against Fusarium sp. under the 
effect of different levels of culture temperature 

Temp 
oC 

d 
(Mean ± Sd, mm) 

D 
(Mean ± Sd, mm) 

D – d 
(Mean ± Sd, mm) 

H 
(Mean ± Sd, %) 

25 32.17 ± 2.75c 

51.33 ± 1.53 

19.16 ± 2.75a 37.33 ± 5.37a 

30 30.27 ± 1.42c 21.06 ± 1.42a 41.03±2.76a 
35 18.17 ± 1.26b 33.16 ± 1.26b 64.61 ± 2.45b 

40 11.83 ± 0.76a 39.50 ± 0.76c 76.95 ±1.49c 

45 16.5 ± 1.5b 34.83 ±1.5b 67.86 ± 2.93b 

Note: Means with the same letters in the same column are not significantly different 
according to Duncan’s Multiple Range Test (P < 0.05) 

 

Figure 5. The graph showed means of FuCDs and AEs of Strep-8 under different levels of 
CT (p<0.05). The smaller mean of FuCD, the better AE of Streptomyces 
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40°C (d) 45°C (e) Control 

Figure 6. Fusarium mycelia on the Petri dishes with wells containing supernatants 
collected from Strep-8 biomasses at different CT levels for tested group and distilled water 

for control group. a,b,c,d,e - Strep-8 supernatants at different CT levels including 25°C, 

30°C, 35°C, 40°C and 45°C, respectively; Control - distilled water 

The effect of culture time on antifungal activity against Fusarium of Streptomyces sp.     

Strep-8 
To find out the culture time (CTi) affected on the AA of Strep-8 against Fusarium. 

Strep-8 was cultured at different periods of time including 3 days, 5 days, 7 days, 9 days and 
11 days at the optimistic pH 7 and 40oC from the above experiments of which the results were 
demonstrated on table 4. Strep-8 showed strong AA against Fusarium soon after three days 

of CTi of which the mean FuCD was measured at 18.67 ± 1.53 mm resulting in the high mean 
of AE at 64.10 ± 2.94% which dramatically decreased to 12.33 ± 0.58 mm and increased to 

76.28 ± 1.1% after 5 days of CTi, in turn. Continuously, at the 7th day of the culture process, 
the smallest mean of FuCD and highest mean of AE were recorded at 9.93 ± 0.12 mm and 
80.90 ± 0.22%. However, the AA of Strep-8 initially showed the reduction when the means of 

FuCD and of AE were 11.83 ± 1.44 mm and 77.25 ± 2.78%, which were 16.33 ± 1.04 mm and 
68.59 ± 1.99% of the experiments of 9 days and 11 days, respectively. In the Petri tested dishes 

proved CTi strongly affected on the AA of Strep-8 against Fusarium, of which the obseverved 
pathogenic fungus colonies were bordered by the antifungal compounds in wells excepted 

the control experiment with distilled water (figure 8). As a result, the optimistic CTi for Strep -
8 to produce antifungal compounds was 7 days. 

Table 4. Antifungal activities of Streptomyces sp. (Strep-8) against Fusarium sp. under 
different periods of culture time 

Time 
(days) 

d 
(Mean ± Sd, mm) 

D 
(Mean ± Sd, mm) 

D – d 
(Mean ± Sd, mm) 

H 
(Mean ± Sd, %) 

3 18.67 ± 1.53d 

52 ± 1.73 

33.33 ± 1.53a 64.10 ± 2.94a 

5 12.33 ± 0.58b 39.67 ± 0.58c 76.28 ± 1.11c 

7 9.93 ± 0.12a 42.07 ± 0.12d 80.90  ± 0.22d 

9 11.83 ± 1.44b 40.17 ± 1.44cd 77.25 ± 2.78cd 

11 16.33 ± 1.04c 35.67 ± 1.04b 68.59 ± 1.99b 

Note: Means with the same letters in the same column are not significantly different 
according to Duncan’s Multiple Range Test (P < 0.05) 
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Figure 7. The graph showed means of FuCDs and AEs of Strep-8 under different periods of 

CT (p<0.05). The smaller mean of FuCD, the better AE of Streptomyces 

   
3 days (a)  5 days (b)  7 days (c)  

   
9 days (d)  11 days (e)  Control 

Figure 8. Fusarium mycelia on the Petri tested dishes with wells containing supernatants 

obtained from Strep-8 biomasses at different periods of CTi for tested group and distilled 
water for control group. a,b,c,d,e - Strep-8 supernatants at at different periods of CT 

including 3 days, 5 days, 7 days, 9 days and 11days, respectively and Control - distilled 
water. 

 In terms of antifungal activity, Streptomyces sp. YYS-7 has a broadspectrum antifungal 
activity against seven phytopathogenic fungi of which inhibition percentage of mycelial 
growth in dual culture assay were showed as follows C. fallax (76.07 ± 1.97), C. musae (51.07 
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± 1.57), C. fragariae (64.50 ± 0.7), C. gloeosporioides (72.75 ± 1.06), F. oxysporum 
cucumerinum (59.25 ± 1.77), C. acutatum (74.80 ± 0.28) and F. graminearum (65.26 ± 0.5). 
Moreover, crude extract of Streptomyces sp. YYS-7 inhibited the pathogenic mycelial growths 
which in turn were C. fallax (69.51 ± 1.35), C. gloeosporioides (47.95 ± 4.92), C. fragariae 
(53.21 ± 2.91), F. oxysporum cucumerinum (65 ± 7.85), C. acutatum (63.76 ± 1.65), F. 
graminearum (48.61 ± 1.28), and C. musae (53.07 ± 1.80) (Wei  et al., 2020). Besides, 126 
Streptomyces isolates were recovered from rhizosphere soils of 13 different commercial 
vegetable greenhouses in Iran were screened for in vitro antagonism against Fusarium 
oxysporum f. sp. lycopersici race 3 (FOL) of Fusarium tomato wilt. Among them, six isolates 
showed more than 30% inhibitory effect against FOL in dual culture test. The percentages of 
growth inhibition were 69%, 49%, 48%, 42%, 39%, and 38%, which were recorded for IC10, 
IT25, Y17, TO612, Y28, and IC13, respectively. Moreover, in vitro Plant growth promoting 
experiment on Tomato showed that strains IC10 and Y28 increased shoot length and sh oot 
fresh and dry weight compared to not inoculated control plants, of which phenotypic 
characterization and 16S rRNA gene sequencing were closely related to S. enissocaesilis and 
S. rochei, respectively (Abbasi et al., 2019). A total 20 isolates of 229 actinomycete strains with 

different colony morphology obtained from the rhizosphere soil samples performed potential 
of antifungal activities against Fusarium oxysporum f. sp. cubense Tropical Race 4 (Foc TR4). 
Especially, the strain Streptomyces sp. YYS-7 had the strongest antifungal activity of which 
inhibition zone after treatment with the strain YYS-7 was reduced to 23.82 mm ± 0.25 
compared to the growth diameter (79.18 mm ± 0.63) of Foc TR4 in the control plate. Besides, 
the crude extract of strain YYS-7 effectively inhibited the growth of Foc TR4 and the inhibition 
zone was 36.42 ± 0.35 mm. The inhibition percentages of mycelial growth were 69.91% and 
57.02%, respectively (Wei et al., 2020). Streptomyces strains including KS31, KS55, KS58, KS62 
and KS112 were isolated from chickpea rhizospheric soils showed strong inhibitory effects 
against chickpea Fusarium wilt caused by Fusarium oxysporum f. sp. ciceris. All bacterial 
strains inhibited mycelial growth of the pathogen ranging from 26 to 44.2% in dual culture 
assay. The non-volatile extract of five of the Streptomyces strains inhibited more than 50% 
growth of the pathogen, whereas volatile compounds were effective on mycelial growth 
inhibition ranging from 20.2% to 33.4% (Amini et al., 2016).  
 With regard to the effects of innoculum factors on antifungal activity of Streptomyces 

spp, in vitro experiments demonstrated that the production of antifungal metabolites in 
culture broth at 28°C by strain MR14 commenced on 1st day of incubation, reached the 
maximum after 4 days and then declined as the incubation was further extended. 4-day-old 
culture supernatant of Streptomyces sp. MR14 antagonised against a variety of fungal 
phytopathogens of which inhibition zones were from 31± 0.0 to 11 ± 0.5 mm, including P. 
oryzae (31 mm) Exserohilum sp. and C. gloeosporioides (29 mm), C. acutatum (28 mm), A. 
brassicicola (27 mm), A. alternata (26 mm), A. solani (26 mm), A. mali (25 mm), C. herbarum 
(21 mm), and weak activity was detected against F. monilifome (16 mm), C. beticola (16 mm) 
and F. oxysporum (11 mm) (Kaur et al., 2019). More than 100 Actinomycetes isolates were 
screened for their antifungal activities against F. solani f.sp of Black root rot. pisi the 
pathogen. The results of sequence analysis of 16S rDNA using NCBI BLAST method for 
GenBank sequence comparison showed that three most effective antagonist isolates were 
S3, S12 and S40 identified with Streptomyces antibioticus and Streptomyces peruviensis, 
respectively. Moreover, the agar well diffusion assays of the crude extracts of them 
commenced to perform week antifungal activities of which all inhibition zones were under 10 
mm on the 4th day of the culture process. The isolate S40 showed its maximum antifungal 
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activity at 18 mm of inhibition zone on the 8th day culture process, while two isolates S3 and 
S12 reached their maximum peaks of inhibitory activites at 17 mm and 18 mm on the 11th day 
of the culture process, in turn. After that, their antifungal activities reduced gradually to under 
10 mm again on the end 25th day of the culture process (Soltanzadeh et al., 2016). 
Streptomyces g10 strain was tested for its ability to inhibit the growth of Fusarium oxysporum 
f.sp. cubense (Foc) race 1, Foc race 2 and Foc race 4. As a result, Streptomyces g10 strongly 
peformed antifungal activity against all three tested Foc races of which inhibition percentages 
of mycelial growth were 80%, 88% and 82% on the second day, 87%, 93% and 88% on the 
fourth day, 88%, 93% and 90% on the sixth day, and 89%, 93% and 92,5% on the eighth day 
against Foc race 1, Foc race 2 and Foc race 4, in turn. Streptomyces g10 showed its highest 
antifungal efficacy against all Foc races after eight days of incubation (Getha et al., 2005). 
Among thirty-seven actinobacterial isolates were recovered from the rhizosphere of healthy 
sugar beet plants that were screened for their potential to antagonize F. oxysporum (F186) in 
vitro, Streptomyces SB3-15 and Streptomyces SB2-23 showed their outstanding antagonistic 
activities against the target pathogen of which colonies were narrow and oval compared to 
the negative control. In detail, the mean mycelial growth diameter of F186 and inhibitory 

rates were 4.41 cm and  48.24%, 3.2 cm and 62.35% after dual culture with strains SB3-15 
and SB2-23 for 7 days at 28oC, respectively, compared to 8.50 cm of F186 in negative control 
(Abdelghany et al., 2024).  
 In comparison, Streptomyces sp. Strep-8 significantly controlled on Fusarium sp. of 
which AE was higher than 50% in the screening test on AA against  Fusarium sp. and 
performed the highest at 80.90 ± 0.22% in the optimal culture condition with neutral pH, 40oC 
of culture temperature, and 7 days of culture time.  Obviously, Streptomyces sp. Strep-8 
outstandingly inhibited pathogenic Fusarium compared to other studied Streptomyces strains 
including Streptomyces sp. YYS-7 against F. oxysporum cucumerinum (65 ± 7.85%), F. 
graminearum (48.61 ± 1.28%) and Foc TR4 (69.91%) (Wei et al., 2020). S. 
enissocaesilis against Fusarium oxysporum f. sp. lycopersici race 3 (69%) (Abbasi et al., 2019), 
five strains KS31, KS55, KS58, KS62 and KS112 of Streptomyces against Fusarium oxysporum f. 
sp. ciceris from 26% to 44.2% (Amini et al., 2016), Streptomyces SB3-15 
and Streptomyces SB2-23 against F. oxysporum (F186) 48.24% and 62.35%, respectively 
(Abdelghany et al., 2024). More interestingly, the AE of Streptomyces sp. Strep-8 

against Fusarium sp. was lower than 50% when the culture temperature was lower 30oC, 
significantly increased to 64.61 ± 2.45% at 35oC, topped at 76.95 ±1.49% at 40oC before 
slightly decreased to 67.86 ± 2.93% at 45oC. 

Conclusion 
In conclusion, the results proved that Streptomyces sp. Strep-8 with its thermophilic 

ability not only provided significant inhibitory activity against pathogenic Fusarium sp. in vitro 
also promised to be a potential biological control agent to eliminate this fungus on fields. 

Moreover, using Streptomyces sp. Strep-8 as a biological control agent helps reduce the use 
of fungicides which contributes to boosting the sustainability of agricultural ecosystems 
worldwide.   
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