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caused by Ralstonia solanacearum using 

actinomycetes isolates 

Hosny, M., Asran, M. R. and Moharam M.H.A.  

Abstract 

Ralstonia solanacearum is one of the most critical and 

widespread pathogenic bacteria that causes wilt disease in 

vegetable crops, including potatoes. In vitro study was 

conducted to screen potential actinobacterial isolates for their 

antibacterial activity against two isolates (Rs3 and Rs11) of 

bacterial wilt pathogen, R. solanacearum. Soil samples were 

collected from different localities. From collected soil samples, 

45 morphologically distinct actinomycetes isolates were 

isolated. In the screening test, 7 isolates were selected, showing 

inhibitory activity against the pathogen. These seven efficient 

isolates were subjected to the cell-free suspension test. From the 

cell-free suspension test, only three cell-free suspensions of 3 

isolates exhibited inhibitory activity against both pathogenic 

isolates. Isolate ACT27 exhibited the highest effect on both 

tested Rs3 and Rs11 pathogenic isolates, followed by ACT7 and 

ACT9. Whereas isolates ACT20, ACT33, and ACT13 showed 

the intermediate effect on both tested pathogenic isolates Rs3 

and Rs11. Data also indicated that isolate ACT22 exhibited a 

minor effect on both tested Rs3 and Rs11 pathogenic isolates. 

Data also indicated that only three cell-free supernatants of 

isolates (ACT7, ACT9, and ACT27) give an inhibitory effect 

against both tested R. solanacearum pathogenic isolates. They 

are not varied so much in the degree of their activity. In this 

study, it can be concluded that actinomycetes isolates have 

antibacterial activity against this target pathogen. Also, the 

investigated isolates can be used through detailed further in vivo 

tests. 
Keywords: 

Potato, actinomycetes, bacterial wilting, Ralstonia solanacearum.  
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INTRODUCTION 
 The bacterial wilt disease of potatoes 

caused by Ralstonia solanacearum causes 

considerable damage to potatoes and many other 

crops in tropical, subtropical, and warm regions of 

the world. It limits the production of many crops, 

e.g., tomato, eggplant, and pepper. Approximately 

450 plant species have been reported as hosts of 

this pathogen (Grimault et al., 1994; Williamson et 

al., 2002; Ji et al., 2005; Seleim et al., 2014). 

During infection, the pathogen can invade plant 

roots through wounds and multiply in the cortical 

tissue before invading the xylem elements. In a 

few hours, the bacteria can spread into the crown 

and stem through the plant's vascular system 

(Vasse et al., 1995). As the cell concentration 

number increases, virulence genes are expressed, 

and cells become non-motile and secrete 

exopolysaccharide and pectin-degrading enzymes, 

leading to plant death (Saile et al., 1997). To date, 

no effective control method has been developed for 

this wilt disease. However, plant breeding, field 

sanitation, crop rotation, and use of bactericides 

have met induce with only limited success due to 

the high variability of the pathogen, high capacity 

of the pathogen to survive in diverse environments, 

and its extensive host range (Lemessa and Zeller, 

2007; Nguyen and Ranamukhaarachchi, 2010). 

Chemical control by soil fumigants, antibiotics, 

and copper compounds was tried without success 

(Farag et al., 1982; Hartman and Elphinstone, 

1994). Therefore, developing effective biological 

control agents is crucial for controlling potato 

bacterial wilt. Biological control increases crop 

yield suppresses disease and avoids environmental 

pollution. Streptomycetes are gaining interest in 

agriculture as plant growth-promoting bacteria 

and/or biological control agents (Viaene et al., 

2016; Dias et al., 2017). The Streptomyces genus 

comprises Gram-positive bacteria, which show a 

filamentous form; they can grow in various 

environments. The strains of this heterogeneous 

bacterial species differ in biochemical, pathogenic, 

and genetic characteristics, and no effective control 

measure has been developed against it yet. The 

current study was carried out to isolate and identify 

the potential actinobacterial isolates from different 

soil samples, and to screen them to determine their 

biocontrol potential against bacterial wilt pathogen, 

R. solanacearum through in vitro conditions. 

MATERIALS AND METHODS 

Isolation of the causal pathogen of potato 

bacterial wilt disease 

Potato plants and tubers showing typical 

symptoms of potato brown rot were collected from 

different localities of Sohag, Assiut, and Minia 

governorates during the 2015-2016 seasons. 

Diseased potato parts were washed with tap water 

several times, about 1 cm
3
 infected pieces were cut 

out from the tubers, surface-sterilized by soaking 

in 1% sodium hypochlorite for 2 minutes, and 

rinsed twice in sterilized water for 5 minutes. 

Samples were homogenized in a sterile mortar and 

pestle with 5 ml of sterile 0.05 M potassium 

phosphate buffer and streaked on Petri plates 

containing Triphenyl tetrazolium chloride (TTC) 

medium (Kelman, 1954). Plates were incubated at 

28 °C for 3 days and then examined for bacterial 

growth development. The single colony technique 

was used to obtain a pure culture. A single colony 

of the isolates was sub-cultured onto nutrient agar 

(NA) slants and maintained at 4 °C for further 

studies. 

Pathogenicity test  

 Pathogenicity of obtained 15 isolates of R. 

solanacearum-looking colonies was carried out in 

a greenhouse by inoculating the susceptible potato 

cultivar Burna by each isolate during the 2017-

2018 season in the greenhouse of Plant Pathology 

Department, Faculty of Agriculture, Assuit 

University, Assuit, Egypt. Healthy potato tubers 

were planted in 30-cm-diameter sterilized pots 

containing sterile 1:1 soil/sand mixture. Potato 

tubers were surface disinfection by soaking tubers 

in 0.5 % sodium hypochlorite for 5 minutes, then 

rinsed twice in sterilized water directly before 

planting. Fifteen bacterial isolates were grown on a 

nutrient agar medium for two days at 28±2 °C. A 

single colony of the isolates was selected and 

grown in 250 ml Erlenmeyer flasks containing 100 

ml of nutrient sucrose broth and incubated at 28± 2 

°C for 48h on a rotary shaker at 150 rpm. The 

bacterial cell suspension was centrifuged (8 min at 

10.000 g), the cells were suspended in sterile 

distilled water, and an optical density of 0.1 at 600 

nm wavelength using a spectrophotometer (model 

6405UV/VIS), approximately 10
9
 (CFU/ml) was 
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adjusted. The adjusted bacterial suspensions were 

used for inoculations (Kelman, 1954). 

At six weeks old, potato plants in replicate were 

inoculated with a suspension of the isolates at the 

rate of 10
9
 CFU/ml with punctures made with a 

sterile needle in the stem. Inoculation was made at 

the three to four genuine leaf stages by puncturing 

the stem at the axils of the third fully expanded 

leaves from the apex with a needle dipped in the 

inoculum. Each plant stem was injected with 100ul 

bacterial suspension. Control plants were treated 

with 100 µl distilled water. (Winstead and Kleman, 

1952). Five replicate pots for each isolate were 

used. Pots were arranged in a complete randomized 

block design with five replicates. Control plants 

were treated similarly by tap water. The plants 

were grown in the greenhouse under natural 

temperatures (25±2 °C). Plants were fertilized 

every 15 days with urea 46% (20 g/pot) and 

irrigated with water when necessary. The disease 

incidence (DI) was recorded and calculated 

according to the scale of (Kempe and Sequeira, 

1983) using the following formula: 

 

 
Where T = Number of plants corresponding to the 

numerical grade. 

N = Total number of plants observed. 

R = Disease incidence scale (R= 0, 1, 2, 3, 4 or 5). 

5= High score on the incidence scale. 

0 = No symptom; 1 = 1-25%, leaves wilted; 2 = 

26-50% leaves wilted; 3 = 51-75% leaves wilted; 4 

= more than 75%, but less than 100% of leaves 

wilted; 5 = all leaves wilted and dead  

Tomato seedlings bioassay 

 Tomato bioassay was also recommended 

by the European Plant Protection Organization 

(EPPO) for detecting R. solanacearum in soil and 

potato tubers and for pathogenicity testing 

(Elphinstone et al., 1996). Pathogenicity of fifteen 

bacterial isolates of R. solanacearum-looking 

colonies was carried out in a greenhouse by 

inoculating the susceptible tomato cultivar G.S by 

each isolate during the 2016-2017 season in the 

greenhouse of Plant Pathology Department, 

Faculty of Agriculture, Assiut University, Assiut, 

Egypt.  

Bioassay on tomato seedlings was according to 

(Janse, 1988). All test strains with presumptive R. 

solanacearum colony appearance on TTC medium 

were inoculated in healthy two-week-old tomato 

seedlings (cv. G.S) grown in 15 cm sterilized pots 

containing sterile 1:1 soil/sand mixture. Tomato 

seedlings' roots were surface disinfection by 

soaking roots in 0.5 % sodium hypochlorite for 5 

minutes, then carefully rinsed twice in sterilized 

water directly before planting. Fifteen bacterial 

isolates were grown on a nutrient agar medium for 

two days at 28±2 °C, suspended in sterile distilled 

water, and at an optical density of 0.1 at 600 nm 

wavelength using a spectrophotometer (model 

6405UV/VIS), approximately 10
9
 (CFU/ml) was 

adjusted. Seedlings were inoculated with a 

suspension (10
9
 CFU/ml ) of each isolate through 

punctures made in the stem between the two 

cotyledons by a sterile needle. Inoculation was 

made at the three to four genuine leaf stages by 

puncturing the stem at the axils of the third fully 

expanded leaves from the apex with a needle 

dipped in the inoculum. Each plant stem was 

injected with 100 µl bacterial suspension. Control 

plants were treated with 100 µl distilled water. 

(Winstead and Kleman, 1952). Five replicate pots 

for each isolate were used. Seedlings inoculated 

with sterile water were used as a control. Plants 

were fertilized every 5 days with NPK (20, 20, 20) 

and irrigated with water when necessary with 

avoided wetting the foliage (Williamsson et al., 

2002). The experiment was undertaken with a 

completely randomized design. Seedlings were 

held in a greenhouse, and the development of 

typical wilting symptoms was recorded and 

calculated after inoculation by 14 and 21 days 

according to (Winstead and Kelman, 1952), using 

the following formula: 

I% = [∑(ni × vi) ÷ (V × N)] × 100 

Where,  

I = wilt intensity percentage; ni = number of plants 

with respective disease rating; V= the highest 

disease rating (= 5); N = the number of plants 

observed; and vi = disease rating as following 

scale:1= no symptoms; 2= one leaf wilted; 3= two 

to three leaves wilted; 4= four or more leaves 

wilted; 5= whole plant wilted 
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Identification of the causal pathogen of potato 

bacterial wilt disease 
 Worldwide the most commonly used 

method for detecting and identifying R. 

solanacearum has been isolation on TTC medium 

(Kelman, 1954) because of the relatively low cost 

and simplicity. Tomato bioassay is also 

recommended by the European Plant Protection 

Organization (EPPO) for detecting R. 

solanacearum in soil and potato plants and for 

pathogenicity testing (Elphinstone et al., 1996). 

The fifteen isolated bacteria proved to be 

pathogenic and cause bacterial wilt to tomato and 

potato plants were identified according to their 

morphological, cultural, and physiological 

characteristics recommended by Billing et al. 

(1960), Dye (1968), and Schaad (1992), and 

Bergey's Manual of Systematic Bacteriology 

(Krieg and Holt, 1984) and Bergey's Manual of 

Determinative Bacteriology 9
th
 edition (Holt et al., 

1994).  

Morphological and physiological characteristics 

of the causal pathogen 

The following morphological, 

physiological, and biochemical characteristics have 

tested the shape of cell, motility, the color of 

colonies, gram staining, gelatin liquefaction, starch 

hydrolysis, catalase test, esculin hydrolysis, growth 

at 4 
○
C, growth at 40 

○
C, H2S production, levan 

production, methyl-red test (MR), phenylalanine 

deaminase, casein hydrolysis, urease and action on 

carbon compounds also were tested.  

Biological control of potato bacterial wilt 

disease 

1-Isolation of actinomycetes from soil samples 

Collection of soil samples: 

Rhizosphere soil samples were collected 

from different growing areas of the Sohag and 

Assuit governorates. Soil samples were taken from 

a depth of 30 cm surrounding the root system after 

removing 3 cm topsoil, collected in polythene 

bags, brought to the laboratory, and stored at 4 
o
C 

for further study. The samples were air-dried for 1 

week and sieved through a 2 mm pore. The 

isolation of actinomycetes was carried out by serial 

dilution of the soil. One gram of soil sample was 

diluted to 10
-2 

 with sterile water and incubated in 

an orbital shaker at 28 
o
C with shaking at 170 rpm 

for 30 min and incubated at 50 
o
C for 15-20 min. 

(Matsukawa et al., 2007; Hong et al., 2009). Serial 

dilutions of the soil were made up to 10
-7,

 and 1 ml 

of each dilution was taken and spread evenly over 

the surface of two different selective media, SCA 

(starch-casein nitrate-agar medium) and ISP-2 

(International Streptomyces Project-2) medium 

supplemented with cycloheximide (100 μg/ml) on 

Petri dishes. Three replicates were used for each 

dilution. Plates were incubated at 28 
o
C for 8-15 

days, and actinomycetes colonies were isolated 

based on traditional morphological criteria. The 

individual colonies that showed an actinomycetes-

like appearance under the light microscope were 

purified by subculturing on an ISP-2 medium. The 

isolates were stored in an NGA slant at 4 
o
C for 

further use. 

2-Identification of isolated Actinomycetes spp.  
As per the standard procedures, selected 

efficient actinomycetes strains were examined for 

the colony morphology, growth, pigmentation, cell 

shape, and gram reaction. The biochemical 

characterization of selected efficient actinomycetes 

strains was essentially done per the procedures 

outlined (Holt et al., 1994). 

2-1-Culture morphology 

The isolates obtained were first identified 

using morphology characterization according to 

Shirling & Gottlieb (1966). The actinomycetes 

were grown in different ISP medium at 28 
o
C for 7 

days. Morphological characters such as colony 

appearance, type of areal hyphae, and growth of 

vegetative hyphae were observed. The color of 

spore masses and diffusible pigment production 

were visually estimated. 

2-2-Physiological characterizations of certain 

actinomycetes isolates 

The following physiological and 

biochemical characteristics were tested: the shape 

of cell, motility, the color of colonies, gram 

staining, gelatin liquefaction, starch hydrolysis, 

catalase test, growth at 4
○
C, growth at 40

○
C, casein 

hydrolysis, and urease as recommended by 

Bergey's Manual of Systematic Bacteriology 

(Krieg and Holt, 1984) and Bergey's Manual of 

Determinative Bacteriology 9
th

 edition (Holt et al., 

1994).  
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2-3-Antagonistic activity screening test of 

isolated Actinomycetes spp. against R. 

solanacearum in vitro.   

Preliminary screening for the isolates' 

antagonistic activity was done using the streak-

plating method (Shomura, T. et al., 1980) on Na 

medium. Each pure actinomycetes isolate streaked 

individually on different agar plates in a single 

line. Then plates were incubated at 32 
○
C for 5 

days to allow the isolates to grow and secrete their 

metabolites into the medium. After the incubation 

period, Rs3 and Rs11, the most aggressive isolates 

of Ralstonia solanacearum, were cross-streaked 

along the line of fully grown isolates. Each 

streaking was started near the edge of the plates 

and streaked toward the actinomycetes growth line. 

Three replicates were used for each treatment. 

Plates without actinomycetes served as control. 

The plates were then incubated for 12 hours at 

37
◦
C, and the zone of inhibition was measured 

using a millimeter scale. All the isolated 

actinomycetes strains that show antagonistic 

effects against tested R. solanacearum isolates in 

primary screening were tested their supernatants 

against tested R. solanacearum isolates.  

2-3-Effect of certain actinomycetes supernatant 

against Ralstonia solanacearum in vitro 

Antimicrobial activity of certain 

Actinomycetes bioagent supernatants was tested on 

the growth of Ralstonia solanacearum isolates No. 

(Rs3 and Rs11) using the agar well diffusion 

method (Pinchuk et al., 2001). The tested R. 

solanacearum isolates were seeded on an NGA 

medium. Fifty ml of sterilized NGA agar medium 

were prepared in Erlenmeyer flasks (100 ml). One 

ml bacterial suspension of R. solanacearum from 

each tested isolate (3×10 CFU/ml) from 48-hour 

old cultures was added to the melted medium at 47 

°C and mixed gently. The mixture was then poured 

into sterilized Petri dishes (9 ml in diameter). After 

mixing, the medium was poured into plates and left 

for 3 hours until the media became solid, then 

bored with a sterile cork-borer (diameter = 10 

mm). For the preparation of certain isolated 

actinomycetes supernatant, metabolite preparation 

from isolates was done according to Składanowski 

et al. (2017). Isolates of Actinobacteria were 

inoculated in the flask with ISP2 broth and 

incubated in a rotary shaker at 28 °C for 14 days. 

After incubation, cell-free supernatants (secondary 

bioactive metabolites) were prepared by 

centrifugation at 5000 rpm for 25 minutes and 

filtration by 0.22 µm pore filter paper to extract the 

antimicrobial compounds. Then, cell-free 

supernatants were collected and transferred 

aseptically into a screw-capped bottle and stored at 

4 °C for further assay. Fifty µl from each 

supernatant were added to the gap of the plate to 

test their ability to growth inhibition the pathogen. 

Fifty µl of sterile distilled water was used as a 

control. To prolong the diffusion of liquid 

supernatant in an agar medium, the plates were 

first incubated at 4 °C for 12 hours. Three 

replicates were used for each treatment. The 

diameter of the inhibitory zone (mm) was 

measured after 5 days of incubation at 28 °C.  

2-4-Effect of Actinomycetes spp. and their 

cultural supernatant on controlling potato wilt 

disease in the open greenhouse   

 Pot experiments were conducted to 

evaluate the potential of the actinomycetes isolates 

(Act7, Act9, and Act27) for their biocontrol 

efficacy towards certain pathogenic Ralstonia 

solanacearum under greenhouse conditions.  

According to in vitro studies, the most promising 

actinomycetes isolates (Act7, Act9, and Act27) and 

their cell-free supernatants were selected to follow 

up on their effects under field conditions against R. 

solanacearum isolates (Rs3 and Rs11). The 

reference Trichoderma asperellum isolate was 

obtained from the Sohag Plant Pathology 

Department stock culture. The field trials were 

carried out in the Experimental Farm of Plant 

Pathology Dept. Faculty of Agriculture; Assuit 

Univ. during 2018-2019 and 2019-2020 growing 

seasons. Healthy potato tubers (Burna cultivar) 

were planted in 30-cm-diameter sterilized pots 

containing sterile 1:1 soil/sand mixture. Potato 

tubers were surface disinfection by soaking tubers 

in 0.5 % sodium hypochlorite for 5 minutes, then 

rinsed twice in sterilized water, and then allowed 

to air-dried directly before planting. With some 

modifications, plant infection was done using the 

root irrigation method described by Rado et al. 

(2015). All pots except healthy control were 

inoculated 24 hours before treatment, with 50 ml 

suspension (10
8
 CFU/ml) of the pathogen Rs3 and 

Rs11 isolates. Then, the biocontrol agents were 
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applied via root irrigation. After that, healthy 

sterilized potato tubers were planted. Fifty ml of 

ten-day-old culture from each 

actinomycete/bioagent isolate and Reference 

isolate Trichoderma asperellum were growing on 

nutrient sucrose broth and incubated at 28± °C for 

ten days on a rotary shaker at 150 rpm. Then 

actinomycetes were adjusted to (10
8
 CFU/ml). 

Metabolite preparation from isolates was done as 

mentioned before, according to Składanowski et al. 

(2017). Actinobacteria isolates were inoculated in 

a flask with ISP2 broth and incubated in a rotary 

shaker at 28 °C for 14 days. After incubation, cell-

free supernatants (secondary bioactive metabolites) 

were prepared by centrifugation at 5000 rpm for 

25 minutes and filtration by 0.22 µm pore filter 

paper to extract the antimicrobial compounds. 

Then, cell-free supernatants were collected and 

transferred aseptically into a screw-capped bottle 

and stored at 4 °C for further assay. The inoculum 

was added around each tuber at the time of 

planting. Five replicate pots for each tested isolate 

were used. Pots were arranged in a complete 

randomized block design with five replicates. 

Infected control plants were treated with 

pathogenic isolates only. Healthy control plants 

were similarly treated with only sterilized water. 

The plants were grown in the greenhouse under 

natural temperatures (25±2 °C). Plants were 

fertilized every 15 days with urea 46% (20 g/pot) 

and irrigated with water when necessary.  

The disease index was recorded, as mentioned 

before. Disease incidence and biocontrol efficacy 

percentages were evaluated. Disease incidence 

(DI) was estimated according to Li et al. (2008) 

with the following formula: 

 

 

 

 

Biological control efficacy (BCE) was calculated 

according to Guo et al. (2004) as: 

Biological control efficacy (BCE) (%) = 

[(DC - DT) x 100/ DC] 

where,  DC = disease incidence of control and DT 

= disease incidence of the treatment group.  

 

 

RESULTS AND DISCUSSION 

Isolation and characterization of the pathogen 

 The target bacterial pathogen was isolated 

from collected samples of potato tubers and was 

compared based on their fluidity, color, and 

morphological structures. All isolates produced 

mummified fluidal of irregular bacterial colonies 

with a pink color on the TTC agar medium after 48 

hours of incubation at 28 °C and were observed for 

rod shape after being examined under the 

compound microscope. This observation was 

confirmed by the observation reported by Kelman 

(1954). All tested isolates were pathogenic on 

tomato seedlings and produced typical wilt 

symptoms. Isolates No. Rs3 and Rs11 exhibited 

the highest wilt intensity with 96 and 92% wilting 

after 14 days from inoculation. On potato plants, 

results showed that the fifteen tested isolates were 

pathogenic and produced wilting symptoms potato 

plants. They were varied in their virulence. Isolate 

No. Rs3 gave the highest disease incidence with 

100% wilting, followed by isolate No. Rs11 with 

96% wilting, respectively.  

Table (1): Pathogenicity tests of fifteen isolates of 

R. solanacearum on Burna cultivar of potato plants 

in the greenhouse.  

Governorates 
Bacterial  

isolates No. 

Disease  

index % 

Sohag 

Rs 1 28 

Rs 2 56 

Rs 3 100 

Rs 4 76 

Rs 5 88 

Rs 6 32 

Rs 7 64 

Rs 8 72 

Assuit 

Rs 9 88 

Rs 10 36 

Rs 11 96 

Rs 12 60 

Rs 13 72 

Minia 
Rs 14 24 

Rs 15 64 

Control 0.0 

L.S.D at 5% 6.11 
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Fig. (1): Isolation of causal pathogen on (TTC) 

semi-selective medium showing fluidal of irregular 

bacterial colonies with the pink color. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (2): Bioassay ontomato seedlings (cv. G.S) 

after 21 days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (3): In vitro antagonism of actinomycetes 

isolates against R. solanacearum 

Isolation and Identification of actinomycetes 

isolates 

Forty-five pure isolates were obtained from 

soil samples obtained from different localities were 

examined and then maintained on suitable media 

for further studies. Identification of actinomycetes 

isolates was carried out using morphological and 

physiological characteristics. Data presented in 

Table (2) indicated that all tested isolates were 

filamentous-shape, non-motile, sporing, gram-

positive, urease negative, no growth at both 4 and 

40 
o
C isolates hydrolyze starch, couldn't hydrolyze 

casein, and couldn't liquefy gelatin. Based on the 

isolated bacteria's morphological, cultural, 

physiological, and pathological characteristics, it 

was concluded that all tested isolates could be 

identified as actinomycetes. A total of 45 isolated 

actinomycetes were screened for their antibacterial 

activity against R. solanacearum in Na medium 

using the streak-plating technique (Shomura et al., 

1980). Seven actinomycetes isolates showed an 

inhibitory effect against selected pathogenic R. 

solanacearum isolates. Also, all actinomycetes 

isolates that showed antagonistic effects against 

tested R. solanacearum isolates in primary 

screening were tested with their supernatants 

against R. solanacearum isolates. 

The antagonistic activity was confirmed by both 

primary screening (cross-streaking method) and 

secondary screening using the suitable diffusion 

method (Pinchuk et al., 2001). Data in Table (3) 

and Figure (4) indicated that all tested 

actinomycetes isolates give an inhibitory effect 

against both tested R. solanacearum pathogenic 

isolates. They varied to some extent in the degree 

of their activity. Isolate ACT27 exhibited the 

highest inhibitory effect on both tested Rs3 and 

Rs11 pathogenic isolates, followed by ACT7 and 

ACT9. Also, ACT20, ACT33, and ACT13 isolates 

showed an intermediate effect on both tested Rs3 

and Rs66 pathogenic isolates. Data also indicated 

that isolate ACT22 exhibited a minor effect on 

both tested Rs3 and Rs11 pathogenic isolates. Data 

also indicated that only three cell-free supernatants 

of isolates (ACT7, ACT9, and ACT27) give an 

inhibitory effect against both tested R. 

solanacearum pathogenic isolates. They are not 

varied so much in the degree of their activity. 

ACT27 supernatant exhibited the highest effect on 

both tested Rs3 and Rs66 pathogenic isolates, 

followed by ACT9 supernatant and ACT7 

supernatant, while cell-free supernatants of isolates 

(ACT13, ACT20, ACT22, and ACT33) showed no 

effect on both tested Rs3 and Rs66 pathogenic 

isolates. 
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Table (2): Morphological and physiological characteristics of some antagonistic isolates of 

Actinomycetes. 

+ = positive reaction;  -  = negative reaction 

Table (3): Evaluation of the antibacterial activity of some actinomycetes isolates and their cell-free 

supernatants against two pathogenic isolates of R. solanacearum in vitro:   

Actinomycetes 

isolates 

Inhibition zone 

(mm) 
Actinomycetes isolate culture 

supernatant 

(100 μl/ well) 

Inhibition zone 

(mm) 

Rs 3 Rs 66 Rs 3 Rs 66 

ACT 7 42 43 ACT 7 supernatant 20 21 

ACT 9 44 42 ACT 9 supernatant 22 21 

ACT 13 3 66 ACT 13 supernatant 0 0 

ACT 20 66 63 ACT 20 supernatant 0 0 

ACT 22 2 5 ACT 22 supernatant 0 0 

ACT 27 42 44 ACT 27 supernatant 23 22 

ACT 33 66 62 ACT 33 supernatant 0 0 

The antagonistic activity was confirmed by both primary screening (cross-streaking method) and 

secondary screening using the suitable diffusion method (Pinchuk et al., 2001). Data in Table (3) and 

Figure (4) indicated that all tested actinomycetes isolates give an inhibitory effect against both tested R. 

solanacearum pathogenic isolates. They varied to some extent in the degree of their activity. Isolate 

ACT27 exhibited the highest inhibitory effect on both tested Rs3 and Rs11 pathogenic isolates, followed 

by ACT7 and ACT9. Also, ACT20, ACT33, and ACT13 isolates showed an intermediate effect on both 

tested Rs3 and Rs66 pathogenic isolates. Data also indicated that isolate ACT22 exhibited a minor effect 

on both tested Rs3 and Rs11 pathogenic isolates. Data also indicated that only three cell-free supernatants 

of isolates (ACT7, ACT9, and ACT27) give an inhibitory effect against both tested R. solanacearum 

pathogenic isolates. They are not varied so much in the degree of their activity. ACT27 supernatant 

exhibited the highest effect on both tested Rs3 and Rs66 pathogenic isolates, followed by ACT9 

supernatant and ACT7 supernatant, while cell-free supernatants of isolates (ACT13, ACT20, ACT22, and 

ACT33) showed no effect on both tested Rs3 and Rs66 pathogenic isolates. 

ACT33 ACT27 ACT22 ACT20 ACT13 ACT9 ACT7 Isolates 

filamentous Shape of cell 

- - - - - - - Motility 

+ + + + + + + Sporulation 

+ + + + + + + Gram staining 

- - - - - - - Gelatin liquefaction 

+ + + + + + + Starch hydrolysis 

- - - - - - - Casein hydrolysis 

- - - - - - - Growth 4
○
C 

- - - - - - - Growth 40
○
C 

- - - - - - - Urease 

+ + + + + + + Catalase test 

- - - - - - - NaCl tolerance 
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Fig.4. Evaluation of antibacterial activity of certain actinomycetes isolates against two pathogenic isolates 

of R. solanacearum in vitro.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 5. Evaluation of antibacterial activity of some actinomycetes isolates' supernatant against two 

pathogenic isolates of R. solanacearum in vitro.    

Table (4): Evaluation of the antibacterial activity of tested actinomycetes isolates and their supernatants 

against two pathogenic isolates of R. solanacearum in the greenhouse. Season 2018-2019. 

Treatments 

Rs 3 Rs 11 

Disease incidence 

% 

Biological control efficacy 

% 

Disease incidence 

% 

Biological control efficacy 

% 

Act 7 56 44 52 48 

Act 9 52 48 44 56 

Act 27 56 44 48 52 

Act 7 Supernatant 72 28 68 32 

Act 9 Supernatant 68 32 64 36 

Act 27 

Supernatant 

72 28 60 40 

T. asperellum 56 44 48 52 

L.S.D at 5%= 1.79 
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Effect of promising actinomycetes isolates, 

actinomycetes, and isolates' supernatants obtained 

from previous in vitro studies on disease incidence 

on Burna potato cultivar was tested under 

greenhouse conditions in the 2018-2019 growing 

season. Compared with knowing Trichoderma 

asperellum fungal isolate. Data in Table (4) 

indicated that the treated plants with Act9 isolate 

exhibited the least disease incidence (52%) in the 

tested season. Also, it exhibited the highest 

biological control efficacy percentage (48%), 

followed by Act7, Act27 isolates, and fungal 

isolate T. asperellum (with 56% incidence 

percentage and 44% biological control efficacy 

percentage for all of them), then supernatant of 

isolate Act9 (with 68% disease incidence 

percentage and 32% biological control efficacy 

percentage). Finally, supernatant of Act7 and 

Act27 isolates caused 72% of disease incidence, 

whereas both isolates exhibited the highest disease 

incidence (28%) and the lowest biological control 

efficacy percentage on tested Rs3 pathogenic 

isolate. Data also showed that on tested Rs11 

pathogenic isolate, isolate Act9 exhibited the least 

disease incidence percentage (44%) also exhibited 

the highest biological control efficacy percentage 

(56%), followed by Act27, fungal isolate T. 

asperellum, Act7, isolate Act27 supernatant, and 

isolate Act9 supernatant (with 48, 48, 52, 60, 64% 

of disease incidence, and 52, 52, 48, 40, and 36% 

biological control efficacy, respectively). Finally, 

isolate Act7 supernatant with 68% disease 

incidence, exhibiting the highest and lowest 

biological control efficacy (32%). Effect of 

promising actinomycetes isolates, actinomycetes, 

and isolates' supernatants obtained from previous  

 

 

 

 

 

 

 

 

 

 

 

 

 

in vitro studies on disease incidence on Burna 

potato cultivar was tested under greenhouse 

conditions in the 2019-2020 growing season. 

Compared with knowing Trichoderma asperellum 

fungal isolate. 

Data in Table (5) indicated that in the tested 

season, treated plants with isolate Act7 exhibited 

the least disease incidence percentage (48%) and 

also exhibited the highest biological control 

efficacy percentage (52%), followed by isolate 

Act9 (with 52% incidence percentage and 48% 

biological control efficacy percentage), then 

isolates Act27, fungal isolate T. asperellum, isolate 

Act7 supernatant, isolate Act27 supernatant (with 

56%, 56%, 76%, and 80% disease incidence 

percentages and 44%, 44%, 24%, and 20% 

biological control efficacy percentages, 

respectively). Finally, isolate Act9 supernatant 

with (88%), which exhibited the highest disease 

incidence percentage, and (12%), which exhibited 

the lowest biological control efficacy percentage 

on tested Rs3 pathogenic isolate.  

 Data also showed that on tested Rs11 pathogenic 

isolate, isolate T.  asperellum exhibited the least 

disease incidence percentage (44%) also exhibited 

the highest biological control efficacy percentage 

(56%), followed by Act7, Act9, Act27, isolate 

Act7 supernatant, and isolate Act9 supernatant 

(with 56%, 60%, 60%, 64%, and 64% disease 

incidence percentages, and 44%, 40%, 40%, 36%, 

36% biological control efficacy percentages, 

respectively). Finally, isolate Act 27 supernatant 

with (68%), which exhibited the highest disease 

incidence percentage, and (32%) which exhibited 

the lowest biological control efficacy percentage. 
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 الملخص العربي

 
هً واحذة يٍ أكثش أَىاع انبكخٍشٌا  بكخٍشٌا انشانضخىٍَا صىلاَاصٍشو

انًضببت نلأيشاض خطىسة واَخشاسًا وانخً حضبب يشض انزبىل 

فً يحاصٍم انخعشواث ، بًا فً رنك انبطاغش. حى انبكخٍشي 

اخشاء دساصت يعًهٍت  نفحص انُشاغ انًعاد نهبكخٍشٌا وانًحخًم 

 و Rs3 وخىدِ ظذ بعط عزلاث الاكخٍُىيٍضخاث ظذ انعزنخٍٍ

Rs11  ٍيٍ يضبباث انزبىل انبكخٍشي . حى خًع عٍُاث انخشبت ي

 25، حى عزل يُاغق يخخهفت . ويٍ عٍُاث انخشبت انخً حى خًعها 

عزنت اكخٍُىيٍضخاث حى حعشٌفها عهً أصاس يىسفىنىخً . حى اخخٍاس 

عزلاث أظهشث فاعهٍت يثبطت ظذ انبكخٍشٌا انًًشظت. كزنك  2

خععج هزِ انعزلاث انضبع انفعانت لاخخباس انخعاد باصخخذاو ساشح 

بكخٍشي خانً يٍ انخلاٌا. اظهشث َخائح هزا الاخخباس أٌ ثلاثت يٍ 

عزلاث أظهشث َشاغًا يثبطًا ظذ كم  3شح َاحدت يٍ هزِ انشوا

، أعهى  ACT 27 يٍ انعزلاث انًًشظت.حٍث أظهشث انعزنت

انًخخبشة ،  Rs11 و Rs3 حأثٍش عهى كم يٍ انعزلاث انًًشظت

 و  ACT20 ، بًٍُا أظهشث انعزلاث ACT9 و ACT7 حهٍها

ACT33 و ACT13  حأثٍش يخىصػ عهى كم يٍ انعزلاث

انًخخبشة .كًا أشاسث انبٍاَاث أٌعًا إنى  Rs11 و Rs3 انًًشظت

أظهشث حأثٍشًا غفٍفاً عهى كم يٍ انعزلاث  ACT22 أٌ انعزنت

انًخخبشة. أشاسث انبٍاَاث أٌعًا إنى أٌ  Rs11 و Rs3  انًًشظت

ثلاثت فقػ يٍ انشواشح انبكخٍشٌت انخانٍت يٍ انخلاٌا نهعزلاث 

ACT7  و ACT9 و ACT27 ظذ كم يٍ  أعطج حأثٍشًا يثبطًا

انًًشظت. فً هزِ انذساصت ، ًٌكٍ  بكخٍشٌا انشانضخىٍَا عزلاث

اصخُخاج أٌ عزلاث الاكخٍُىيٍضخاث انًضخخذيت نها َشاغ يعاد 

نهدشاثٍى ظذ انبكخشٌا انًًشظت انًضخهذفت. أٌعا ، كزنك ًٌكٍ 

اصخخذاو هزِ انعزلاث انخً حى فحصها فً اخشاء يزٌذ يٍ 

 .نًصابتا الاخخباساث عهً انُباحاث


