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ABSTRACT  

The experiment was carried out in the season 2021-2022 at College of Agricultural 

Engineering Sciences / University of Baghdad, For testing the potential for the plant growth-

promoting Rhizobacteria (PGPR) in controlling the Rhizoctonia solani fungus that causes 

black scurf disease in potatoes. All fungal isolates obtained a very good efficacy in the 

reduction seed germination percentage (0, 6.7, 15.6 and 17.7%, respectively) in comparison 

with control (97.7%). The results showed that the Rs1 and Rs4 fungi isolates are the most 

pathogenic as it recorded 5 and 4.2 respectively. Bl.4 bacterial isolate recorded the highest 

inhibitory ability of fungus growth (47.6%) with significant differences compared with Bl.5 

and Bl.3, while Bl.2 achieved 5.53%. Based on the isolation and nucleotide sequencing, the 

highest inhibitory ability by bacteria isolated from soil (Bl.4) was achieved by Bacillus 

licheniformis. The results also showed the effectiveness of the immersion method with bacteria 

in reducing the severity of infection of the vegetative and root systems with R. solani, with 

reduction values of 26.67 and 30.00%, respectively, and significant differences compared with 

the control treatment (83.33, 88.33% respectively).  

Keywords: rhizoctonia, bacillus licheniformis, pgpr, field study. 

 

 وآخرون  عبدالكريم                                                          1437-1423(:4) 56: 2025  -العراقية الزراعية العلوم مجلة

  القشرة لمرض المسبب  solani Rhizoctonia الفطر  مقاومة في النبات  لنمو المعززة الجذرية بكتيريالل التضادية الفعالية
 البطاطا  على السوداء

 حسين زغير حليمة                نعيمة سمية             الكريم عبد خليل ايمان
   استاذ                     مساعد استاذ                   مساعد استاذ                           

  المستخلص
 الجذريية البكترييا قيدرة لتقيييم ، بغداد جامعة / الزراعية الهندسة علوم كلية في 2022 – 2021  الموسم  خلال  تجربةال  اجريت 

 البطاطيا  عليى السيوداء القشيرة لميرض المسيبب solani Rhizoctonia الفطير مكافحية فيي (PGPR ) النبيات لنميو المعيززة
 علييى % 7 17 ، 15.6 ، 6.7 ، 0 ) البييذور  نبييات المئوييية النسييبة خفيي  فييي عالييية فاعلييية الفطيير عييز ت جمييي  سييجلت
 اذ امراضيية ا كثير هيي Rs4 عزلية و Rs1 عزلية ان  النتياج    اظهيرت  %97.7  بلغيت  التيي  السيطرة  بمعاملة  مقارنة  ،(  التتاب 
 واضيحة معنويية وبفيرو   % 6 47 بلغيت الفطير لنميو تثبيطيية قيدرة اكثير Bl.4  بكترييا  سيجلت     التتاب   على  2 4  و  5  سجلت
 البكترييا ان النيوكلوتييد  والتتياب  العيزل نتياج  أظهيرت %  Bl.2 5 53 بكترييا بلغيت بينميا Bl.3  و  Bl.5  البكترييا  عز ت  عن

 طريقية فعاليية النتياج  أوضيحت   licheniformis Bacillus هيي تثبيطيية قيدرة اعليى حققيت والتيي Bl.4 الترب من المعزولة
 % 00 30 و 67 26 بلغييت solani.R بييالفطر والجييذر   الخضيير   وللمجمييوعين الإصييابة شييدة خفيي  فييي بالبكتريييا التغطييي 
 معنوية   وبفرو    والجذر   الخضر   للمجموع  بالتتاب  % 33 88و  33 83 بلغت التي السيطرة بمعاملة مقارنة  التتاب  على
  حقلية دراسة ،Rhizoctonia، licheniformis Bacillus، PGPR  :مفتاحية كلمات
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INTRODUCTION  

Potato is a vegetable crop of significant 

economic importance worldwide due to its high 

nutritional value (24, 34, 44). The cultivation of 

potatoes has shown substantial growth in Iraq 

(42). These plants are susceptible to various 

pathogens disease (6,10,19), including the R. 

solani fungus, which causes black scurf (28). 

This disease is a widespread issue affecting 

potato cultivation globally and poses a threat to 

a wide range of plant species across different 

families (15 ,25, 35, 49, 51). The disease 

symptoms manifest on the mutated stems 

beneath the soil surface, inhibiting seedling 

emergence above ground. This condition 

reduces the number of stems per plant 

compared to healthy plants and causes the 

formation of stone bodies on tubers' outer 

surface, diminishing their commercial value 

(4). Various methods have been employed to 

manage these diseases, including pesticides, 

which have led to the development of 

pathogen-resistant strains and environmental 

contamination due to pesticide use (16, 40, 47). 

Therefore, studies have tended to use other 

methods that are safer on the environment as 

alternatives to pesticides, such as the use of 

Plant Growth-promoting Rhizobacteria )PGPR 

(bacteria(7,36). These studies confirmed its 

high effectiveness in reducing or eliminating 

pathogens (12) due to its anti-fungal 

compounds(14), ability to produce plant 

hormones, nitrogen fixation, provision of 

inorganic phosphate(39), and ability to reduce 

unfavorable environmental influences (8, 9).  

    PGPR bacteria possess the capability to 

produce various enzymes, such as chitinases, 

glucanases, proteases, and lipases, which break 

down the cell walls of fungal pathogens (29). 

Additionally, these bacteria can generate auxin, 

enhancing nutrient absorption and boosting 

root system growth (20). Research by B. 

licheniformis demonstrated its efficacy in 

inhibiting the growth of Pestalotiopsis 

karstenii, Glomerella cingulate, Pestalotia 

diospyri, and Botrytis cinerea fungi on PDA 

medium, with inhibition rates of 50.5%, 39.9%, 

38.5%, and 37.4%, respectively (50). This 

study aims to explore the potential use of 

PGPR bacteria in controlling the Rhizoctonia 

solani fungus responsible for black scurf 

disease in potatoes. 

MATERIALS AND   METHODS   

Isolation and molecular identification of R. 

solani fungus: Samples were collected from 

the potato fields planted in Salah Al-Din, Al-

Yousifiyah, Al-Nahrawan, and Al-Taji regions, 

Middle Iraq. Plant samples with disease 

symptoms were characterized by the presence 

of dark brown areas and ulcers on the stems 

near the soil surface, along with leaf 

discoloration such as pallor and purple hues. 

The samples were individually placed in 

polyethylene bags, labeled with collection 

location and date, and then transported to the 

plant pathology laboratory for pathogen 

isolation. The pathogen was isolated from the 

affected samples by extracting pieces from the 

diseased area and the surrounding tissue, which 

were cut into small 0.5 cm segments and 

superficially sterilized with a 0.5% sodium 

hypochlorite solution for 2 minutes. The pieces 

underwent four washes with sterile distilled 

water, followed by drying and then transferred 

to plates containing potato dextrose agar (PDA) 

culture medium. An antibiotic was incorporated 

into the PDA medium at a concentration of 50 

mg L-1 to inhibit bacterial growth. 

Subsequently, the plates were incubated for 4 

days at 25 ± 2°C. The identified fungi were 

purified and morphologically characterized 

using taxonomic keys. Once the pathogenic 

fungus was isolated, the isolates were 

cultivated in a liquid potato dextrose broth 

medium. The mycelium was harvested, 

transferred to a crushing mortar, and crushed 

into a powder with liquid nitrogen.  DNA 

extraction Kit (TransGenBiotech, China) was 

used to extract fungal DNA, and specific 

primer used for the ITS-1 region was: Forward 

(5′- TCCGTAGGTGAACCTGCGG -3′) and 

ITS-4 Reverse (5′ 

TCCTCCGCTTATTGATATGC-3′) for 

ribosomal S18 gene. It is specific for the 

detection of filamentous fungi. The extracted 

DNA was electrolyzed on agarose gel (1%), 

containing ethidium bromide dye for (10 

minutes) at a voltage of 100 V, which was then 

lowered to 70 V for 60 minutes. DNA band 

was detected using UV light. PCR-Master mix 

was prepared using TransGenBiotech, China, 

diagnostic Kit. DNA amplification was 

performed using PCR thermocycler for 40 

cycles, which included the following process: 
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Denaturation step for   3 min at 94˚C , followed 

by  30s at 94˚C , Annealing step with 35 cycles 

at 58˚C FOR 30S, extension for  1 min at 72˚C , 

and final extension with 1 cycle for 5 min at 

72˚C . The result of the PCR reaction (DNA 

product) was sent to the Alpha DNA Company 

(Canada) for DNA sequencing. 

Pathogenicity test of R. solani isolates: 

The pathogenic potential of the fungal isolates 

was assessed following the procedure outlined 

in reference (45). A nutrient medium composed 

of Water agar at a 2% concentration was 

prepared. After the medium solidified, a 0.5 cm 

diameter disc was extracted from the periphery 

of the colony of each isolate aged 7 days. These 

discs were then inoculated in the center of the 

dish and incubated at 25 ± 2 °C for 3 days until 

the colony expanded to reach a size of 7 cm. 

Radish seeds were obtained and subjected to a 

2-minute superficial sterilization using a 

sodium hypochlorite solution. The radish seeds 

were thoroughly rinsed with sterile distilled 

water and then dried. A total of fifteen radish 

seeds were arranged in a circular pattern at the 

perimeter of the fungal culture dish. Each 

isolate was tested in three separate dishes, 

while an additional three dishes contained only 

radish seeds as a control. The dishes were 

placed in an incubator at 25 ± 2 °C for a period 

of 7 days. The evaluation time was determined 

based on the germination of seeds in the control 

dishes. Disease severity was assessed using the 

Disease Severity Index (DSI), which ranges 

from 0 to 5. 

    The mean length of mold on stems caused by 

fungus was assessed for each isolate on the 

following scale based on chromatic length: 

• Scale 1: ≤ 1 mm 

• Scale 2: 1 < 3 mm 

• Scale 3: 3 < 5 mm 

• Scale 4: 5 < 7 mm 

• Scale 5: ≤ 7 mm 

Pathogenicity was evaluated by converting the 

chromatography scale to the Disease Severity 

Index (DSI) as follows: 

• Non-pathogenic isolate: 0 - 0.3 

• Low virulent isolate: 0.4 - 1.9 

• Moderately virulent isolate: 2 - 2.9 

• Pathogenic isolate: 3 - 3.9 

• Strongly virulent isolate: 4 - 5 

Isolation and purification of PGPR bacteria 

from the Rhizosphere: Soil samples were 

collected from an area around the roots of 

potato plants,    that were selected on the basis 

of the good vegetative growth of plants 

compared with other plants from (Al-

Yousifiyah region). Soil samples and the root 

system of healthy plants were transferred in 

polyethylene bags to the laboratory. The 

bacteria were isolated by (adding 1 g of the 

selected soil samples to 9 ml of sterile distilled 

water  in test tubes), mixing well , and making 

serial dilutions from 1x10-1 to 1x10-8. A 

volume of 1 ml of the last three dilutions 

prepared above was taken to inoculate test 

tubes containing 9 ml of liquid culture medium 

(Nutrient broth), which was prepared, and 

sterilized with an autoclave device at a  28 ± 2 

°C ,for 2 days. The tubes were examined by 

observing the bacterial growth and the 

inoculum was taken from the tubes and spread 

on the surface of a petri dish containing solid 

medium(Nutrient agar). The samples were 

incubated at 28 ± 2°C for 24 hours. Bacteria 

were extracted from plant roots using a direct 

culture method after cutting the roots into 0.5 

cm pieces. These pieces were treated with a 

0.5% sodium hypochlorite solution for 2 

minutes for superficial sterilization, followed 

by washing with sterile distilled water three 

times. After drying, the pieces were transferred 

to culture dishes, incubated, and purified on 

fresh medium to obtain pure colonies. The pure 

isolates were stored in the refrigerator until 

needed. 

Identification of bacterial isolates by 16S 

rDNA sequence analysis: Genomic DNA was 

isolated using the cell boiling method. The 16S 

rRNA gene amplification was conducted with 

specific primers: primer 5'- 

AGAGTTTGATCCTGGCTCAG- 3' and 

forward 5'- GGTTACCTTGTTACGACTT- 3’ 

(13). The reaction took place in a 100 μl 

reaction mixture comprising 1.5 mM of MgCl2, 

0.2 mM of each dNTP, 25 pmoles of forward 

and reverse primers, 50 ng of DNA template, 

and 5 U of Taq DNA polymerase with its 

reaction buffer. A 30-cycle reaction was carried 

out at 94°C for 1 min, 62°C for 30 s, and 72°C 

for 90 s, followed by a final extension of 10 

min at 72°C. According to the supplying 

company's instructions, the contents of the 

reaction mixture were mixed prior to placing 

the tube in the Thermocycler. A mixture of 200 
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μl TE (Tris and EDTA) and 3800 μl sterile 

water was prepared, followed by mixing 10 μl 

of this solution with 10 μl of DNA fragment. 

Subsequently, 200 μl of the resulting mixture 

was aliquoted into series of tubes, mixed, and 

allowed to incubate at room temperature for 5 

minutes. The recorded values were obtained 

directly from the device. 

Antagonistic ability test of bacteria against 

pathogenic fungi: Two methods were used to 

test the antagonistic ability; the first is the 

method  of (43), which involved creating a line 

of bacterial growth, for bacteria grown on 

nutrient broth at age of 48 hours on the PDA 

culture medium, at a distance of 2 cm from the 

edge of the dish. A disk with a diameter of 0.5 

cm (extracted from the periphery of the 

pathogenic fungus colony at 5 days of age 

raised on PDA culture medium) was positioned 

3.5 cm away from the dish's second edge. 

Three repetitions were carried out for each 

bacterium. The dishes were kept in incubation 

at a temperature of 27±2°C. The percentage of 

inhibition was calculated six days later using 

the following formula. 

Inhibition (%) = (A / A + B) x 100 

A = Distance between the bacteria line and the 

end of the fungal growth. 

B = Fungal expansion toward the bacterial line. 

The second method was used for the two 

isolates with the highest inhibition rates of the 

fungus. It was conducted by adding 1 ml of 

bacterial inoculum(48h) grown on nutrient 

broth medium to dishes containing PDA 

medium before it solidified. Stirring was 

performed in a capillary motion to 

homogeneously distribute the bacterial 

inoculum with the medium. The dishes were 

inoculated with a disc of 0.5 cm diameter from 

the edge of the pathogenic fungus colony (at  

age of 5 days). The control dishes were left 

without adding the bacterial inoculum. An 

average of 3 replicates was applied for each 

treatment. Incubation was then performed , at 

27 ± 2 °C for 6 days , after which the inhibition 

percentage was calculated according to the 

following equation: Inhibition %= {Growth 

diameter in the control treatment - Growth 

diameter in the treatment} / Growth diameter in 

the control treatment* 100. 

Determination of effective dilutions (highest 

effective dilution) of bacterial inoculum in 

inhibiting the growth of pathogenic fungi: 

A range of dilutions of the bacterial inoculum 

was created by transferring 1 ml of the 

prepared bacterial inoculum (obtained by 

mixing 4 g of nutrient broth with 250 ml of 

distilled and sterilized water using an autoclave 

at 121 °C and 1.5 Kgcm-2 pressure, and then 

inoculated with bacterial isolate grown on 

nutrient agar culture medium for 24 hours and 

incubated for two days) into a sterile test tube 

containing 9 ml of sterile distilled water. 

Dilutions ranging from 10-1 to 10-10 were 

subsequently prepared. Then petri dishes with a 

diameter of 9 cm were prepared containing the 

PDA culture medium. Before the solidification 

of the medium, it was inoculated with the 

bacterial suspension for all dilutions at a rate 1 

mldish-1with stirring dishes in a capillary 

motion after adding the suspension to 

homogeneously distribute the inoculum within 

the dishes at 3 dishes for each dilution, and 3 

dishes were left for control. After the medium 

solidified, a 0.5 cm diameter disk was placed in 

the center of each dish. This disk was taken 

from the edge of a colony of the pathogenic 

fungus growing on PDA medium that was 5 

days old. The dishes were then incubated at 25 

± 2 °C for three days. Subsequently, the 

inhibition percentage was determined using the 

following equation. 

Inhibition %= Growth diameter in the control 

treatment - Growth diameter in the treatment / 

Growth diameter in the control treatment* 100.  

The highest effective dilution in inhibiting the 

pathogenic fungi was (10-8  ) with an inhibition 

rate of 64.4%. 

Calculating the numerical density of 

bacteria: The direct method of counting 

bacterial colonies in the dishes was followed. A 

series of decimal dilutions, from 10-1 to 10-8, 

was prepared by transferring 1 ml of the 

bacterial culture grown on nutrient broth at age 

of 2 days to a series of test tubes. A volume of 

1 ml of the last dilution (10- 8) was distributed 

in a petri dish containing nutrient agar. The 

dish was stirred in a capillary motion to ensure 

the homogenous distribution of the bacterial 

inoculum on the medium. Three replicates were 

made and incubated at 28 ± 2 °C for 24 hours , 

after which the number of bacterial colonies 
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was calculated according to the following 

equation : 

No. of colonies in (ml) of the original sample 

= No. of colonies x Reciprocal of the dilution 

Accordingly, the numerical density of the 

bacterial colony was found to be 72 x 10-8CFU 

ml-1. 

Biocontrol of black scurf disease in potato 

caused by Rhizoctonia fungus in the field: 

The experiment was carried out by following 

the randomized complete block design 

(RCBD). Soil prepration were carried out and 

then the experiment  field was divided as a line 

of 2 m long, where the distance between lines 

was 85 cm. with in area of 100 m2, The 

experiment included the following treatments: 

T1 = Tubers in soil contaminated with 

pathogenic fungi (R.solani). 

T2 = Tubers treated by soaking with bacteria 

before planting with fungi. 

T3 = Tubers in soil treated with bacteria in the 

irrigation before planting with fungi. 

T4 = Treatment with Rezolex pesticide at a 

concentration of 1g/l (the active substance is 

tolkophos methyl). 

Each treatment was applied in 3 replicates. The 

fungal inoculum was loaded on Millet seeds 

and added to all treatments at a concentration 

of 2 g Kg-1 soil ( soil was weighed from the 

same field specifically the place of planting 

tubers by one Kg and 2 g of the fungi inoculum 

was added and it was distributed regularly in 

the tuber planting cradle prepared for planting) 

. The soil was moistened and, after three days, 

potato tubers (Alpida cultivar) were sterilized 

with 10% of sodium hypochlorite for 3 

minutes, washed with sterile water, and then 

planted at a rate of 3 tubers per treatment. As 

for the treatments that need the bacterial 

inoculum only, two methods were used, the 

first method was by adding it to the soil at age 

of 24 hours, at a concentration of (72 x 10-

8CFU ml-1 ) at a rate of 100 ml /Kg soil after 3 

days of inoculum with pathogenic fungus, and 

3 days after adding of bacterial inoculum the 

potato tubers were planted. As for the second 

method, the tubers were soaked in the bacterial 

inoculum at the same concentration for an hour, 

and then the tubers were planted, while the 

control treatment includes sterilized soil 

without fungal inoculum. The results were 

recorded by calculating the values of the 

infection severity for the vegetative and root 

systems, fresh weight and dry weight, and 

production. The percentage of infection 

severity was calculated according to the 

following pathological scale: 

A- Roots system: 

0 = No root rot symptoms. 

1= Appearance of ulceration, or obvious 

discoloration (1-34%). 

2 = Appearance of ulceration or obvious 

discoloration (35-50%). 

3 = Appearance of ulceration or obvious 

discoloration (51-79%). 

4 = Appearance of ulceration or obvious 

discoloration (80-100%). 

B- Vegetative system: 

0 = Plant without symptoms. 

1 = A spot on the stem with a diameter of 

24mm. 

2 = A spot on the stem with a diameter of 25-

50 mm. 

3 = A spot or spots of more than 50 mm. 

4 = Presence of spots that completely surround 

the stem with a diameter of less than (24 mm). 

5 = Presence of spots that completely surround 

the stem with a diameter of more than ( 24 

mm).  

Statistical analysis 

The data was evaluated using a completely 

randomized design (CRD), while the field 

experiment was structured based on a 

randomized complete block design. 

Significance testing among the means was 

conducted using the least significant difference 

test at a 0.05 level of significance. 

RESULTS AND DISCUSSION  

Isolation and identification of fungi 

The results of the morphological and 

microscopic tests of the fungus isolated from 

the infected plants showed that four isolates  

Rs1, Rs2, Rs3 and Rs4  were obtained. They 

are characterized by white colonies (Figure 1) 

that tending to develop light or dark brown 

color with age. They also show divided 

mycelium with branching near the terminal 

septum of the mycelium cells, narrowing of the 

branches and the formation of barriers near the 

area of their emergence were also observed, 

along with the formation of Blister cells, which 

belong to the R. solani fungus. These results 

are congruous with previous results from 

(31,32). 
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Figure 1. a- Fungal growth on PDA medium in 25˚C for 7 days, b- Mycelium pathogenicity 

potential test of R. solani fungal isolates 

The results demonstrated in (Figure 2) show 

that the isolates recorded a high pathogenicity 

potential, which was tested by measuring the 

length of the discoloration distance on 

seedlings, as described by Sneh et al.( 2004). 

The results showed that the Rs1 and Rs4 

isolates are the most pathogenic, as they scores 

of 5.0 and 4.2, respectively, followed by Rs3 

isolate (3.6) and Rs2 (3.0). 

 

 
Figure 2. Pathogenicity of R. solani isolates. 

The results in Table 1 show that all the four 

isolates achieved high effectiveness in 

reducing the percentage of seed germination, 

as they recorded 0, 6.7, 15.6 and 17.7%, 

respectively, compared with the control 

treatment which recorded 97.7% (Figure 3). 
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Figure 3. Pathogenicity potential test on radish seeds: a- Control treatment, b- Rs1 isolate 

treatment 

The difference in the pathogenicity of isolates 

might be due to the difference in their ability to 

produce pectin-degrading enzymes and 

cellulose and proteolytic enzymes that affect 

preventing germination or rotting of seeds 

(2,17). These results are in agreement with 

those of (3) which confirmed the difference in 

the pathogenicity potential of Rhizoctonia 

isolates from infected plants of different 

regions. 

Table 1. Results of the pathogenicity 

potential test of R. solani fungal isolates.  

No  Treatment  seed of Percentage 

(%) germination 

1 Rs1 0.00 

2 Rs2 17.75 

3 Rs3 15.6 

4 Rs4 6.7 

5 control 97.7 

0.05% L.S.D 23.25 

  each number represents the average of 3 replicates 

Molecular characterization of the 

pathogenic fungus isolate: 

The electrophoresis results of fungus-extracted 

DNA on agarose gel revealed the presence of a 

single band with a molecular weight of 550bp 

(Figure 4) for the fungal isolate. This 

identification was accomplished by utilizing 

transcriptional spacer primers (ITS1 and ITS4). 

This outcome validated the effectiveness of the 

primers in amplifying the DNA of R. solani 

fungus species. 

Studying the nucleotide sequence of R. solani 

fungi: The nucleotide sequencing results 

shown in Table 2, illustrate that the isolate of 

R. solani recorded identicality ratio of 99% 

with the global isolates found in the NCBI 

Global Gene Bank, where two sites of variation 

of the mutational type were found. The 

nucleotide sequences of the fungus have been 

deposited in the World Genebank Organization 

under accession number OL587651.1 and have 

become a reference for Iraq, Middle East and 

the world. 

 
Figure 4. Electrophoresis of R. solani isolate 

Table 2. Identicality ratio of R.solani isolate with global isolates 

gene RNA ribosomal 18S Gene: 

Identities Source  with ID Sequence

 compare 

Nucleotide Locatio

n 

substitution of Type 

99% solani Rhizoctonia MN749476.1 ID: A\G 227 Transition  

T\C 341 Transition 

Isolation and purification of PGPR bacteria 

from the Rhizosphere: The results of the 

isolation step showed that five isolates were 

obtained, three isolates from the roots (Bl. 1, 

Bl. 2 and Bl. 3) and two obtained by the 

dilution method(Bl. 4 and Bl. 5). Many studies 

confirmed the possibility of isolating a number 

of bacterial genera that stimulate the growth of 

plants that and colonize the area around the 

roots (1, 27).   

Ladder 

https://www.ncbi.nlm.nih.gov/nucleotide/MN749476.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BHG911XM013
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Antagonistic ability test of bacteria against 

pathogenic fungi: The results in Table 3 reveal 

that all bacterial isolates achieved various 

inhibition rates on fungus. Bl.4 bacteria was 

significantly superior and recorded the highest 

inhibitory ability (47.6%), followed by Bl.1 

(42.9%), Bl.5 (24.05), and and Bl.3 (18.57%), 

while Bl.2 recorded a slight inhibitory ability 

(5.53%), compared with the control treatment 

which recorded 0% (Figure 5).The difference 

in the effectiveness of bacteria in inhibiting the 

growth of fungi may be due to their different 

abilities in the amount of metabolites produced 

and the rate of production. The enzymes, such 

as chitinase, proteases, and B-1,3-glucanse, as 

well as organic compounds and antibiotics, act 

on degrading the walls of fungus cells, also, 

bacteria compete with pathogenic fungi on the 

growth factors(nutrients), the bacteria species 

degrade the chitin that is responsible for the 

formation of fungal hyphae, they also cause 

abnormal growth of fungi and thus inhibit 

fungal growth( 5,30,48). 

Table 3. Antagonistic ability of bacterial species against pathogenic fungi 

No  Treatment  percentage Inhibition

(%) 

1 Bl.1 42.90 

2 Bl.2 5.53 

3 Bl.3 18.57 

4 Bl.4 47.60 

5 Bl.5 24.05 

6 control 0.00 

0.05% L.S.D 11.72    

- Each number represents the average of 3 replicates 

 
Figure 5. Antagonistic ability of bacteria against the pathogenic R. solani fungus 

Bacterial species has proven its ability to 

inhibit a number of pathogens, such as B. 

licheniformis which is recorded different 

inhibition rates of fungi   Phaeocremonium 

aleophilum, Botrytis cinerea, Sclerotinia 

sclerotiorum and Phytophthora infestans (86, 

84.7, 84.4 and 83%, respectively) in the 

laboratory (33). (11) Demonstrated the 

effectiveness of B. licheniformis in inhibiting 

the growth of  Aspergillus species (A. 

carbonarius, A. niger, A. flavus, A. parasiticus 

and A. ochraceus) , and the inhibition rates 

were 60, 50, 49, 47 and 44%, respectively, 

whereas a rate of 53% was recorded for the 

Penicillium verrucosum fungus in the 

laboratory. 

Table 4. Antagonistic ability of the two 

bacterial isolates cultured by media the 

poisoning method 

No  Treatment  percentage Inhibition

(%) 

1 Bl.1 74.00 
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4 Bl.4 77.40 

6 control 0.00 

0.05% L.S.D 11.39 

The results in  Table 4 and (Figure 6,7) showed 

that Bl. 4 and Bl. 1 bacterial isolates were 

significantly superior, and achieved higher 

inhibition rates of . The tests were performed 

on the culture media by adding 1 ml of the 

bacterial inoculum to dishes containing PDA 

medium before solidification, at 77.4 and 

74.0%, respectively, compared with the control 

treatment which achieved 0%. 

-Numbers represent the average of 3 replicates 

 
Figure 6. Antagonistic ability of the two bacterial isolates by the adoption of  the medium 

method 

 
Figure 7.Inhibitory ability of the two most inhibiting bacterial isolates of R. solani 

Molecular diagnosis of  the bacterial 

isolates: The results of electrophoresis (Figure 

8) of the DNA extracted from the two bacterial 

isolates that achieved the highest inhibitory 

ability against the pathogenic R. solani fungus 

on agarose gel showed the presence of one 

band with a molecular weight of 1250 bp for 

the two bacterial isolates, as indicated by using 

16s RNA transcriptional spacer primers.  

This result confirmed the ability of these 

primers to amplify the DNA of bacterial 

species. 
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Figure 8. Electrophoresis results of two bacterial isolates 

 

Table 5. The identicality ratio of the two bacterial isolates with global isolates 

Identities Source  with ID Sequence

compare 

Nucleotide Location  of Type

substitution 

99% aeruginosa Pseudomonas KC914624.1 ID: A\G 291 Transition 

C\T 314 Transition 

99% licheniformis Bacillus MT043736.1 ID: C\T 161 Transition 

G\A 248 Transition 

T\C 468 Transition 

T\G 515 Transvertion 

The results of isolation and nucleotide 

sequencing   Table 5, show that the Bl.4 

species which achieved the highest inhibitory 

ability was Bacillus licheniformis, while that 

for Bl.1 was Pseudomona saeruginosa. Both 

species recorded an identicality ratio of 99% 

with the global isolates found in the NCBI 

Global Genebank. Three sites of mutational-

type and one site of reversal-type for B.  

licheniformis, along with two sites of 

mutational-type for Pseudomonas aeruginosa, 

were found. The nucleotide sequences of B. 

licheniformis have been deposited in the World 

Genebank Organization under accession 

number OL442684.1 and it has become a 

reference for Iraq, Middle East, and the world. 

Biocontrol of black scurf disease in potato 

caused by Rhizoctonia in the field: The 

results listed in Table 6 show the effectiveness 

of Bacillus licheniformis in reducing the 

negative effects of the R. solani fungus (Figure 

9) . The bacterial species provided protection 

for plants compared with control treatment. 

The soaking method of potato tubers reduced 

the infection severity of the shoot and root 

systems of R.solani  by 26.67 and 30.00%, 

respectively compared with the irrigation 

method (51.67 and 33.33%, respectively), 

while the reduction values reached 51.67 and 

23.33%, respectively in the pesticide treatment. 

The results showed the significant effectiveness 

of the two methods and the pesticide in 

reducing the infection severity for the root and 

vegetative systems compared with the control 

treatment (83.33 and 88.33%, respectively). 

Also, the results showed the role of the bactria 

in increasing the fresh and dry weight of the 

plant by the two methods; 1117.97 and 77.67 g, 

respectively, by the soaking method and 766.7 

and 68.67 g, respectively, by the irrigation 

method, compared with the control treatment  

( 566.97  and 48.00 g, respectively). The 

increase in production was observed for all 

treatments; the soaking method recorded the 

highest mean (2000.00 g) compared with the 

control treatment   (666.67 g). The 

effectiveness of the soaking method might be 

due to stimulating the systemic resistance and 

the direct contact with the compounds used, 

compared with that of the irrigation method 

which leads to the loss of a large percentage 

through soil particles. The effectiveness of the 

pesticide could be due to its ability to affect the 

synthesis of lipids and the transport process, as 

well as its effect on the fungal cell membrane, 

which facilitates the inhibition of the growth of 

https://www.ncbi.nlm.nih.gov/nucleotide/KC914624.1?report=genbank&log$=nuclalign&blast_rank=1&RID=73XMPZVX013
https://www.ncbi.nlm.nih.gov/nucleotide/MT043736.1?report=genbank&log$=nuclalign&blast_rank=1&RID=73Y3PYVW013
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the fungus in the plant and thus improves its 

growth (18, 41, 52). Many studies have shown 

the positive role of bacteria in reducing the 

incidence of pathogens, as well as improving 

the growth parameters of plants, and induction 

of resistance in plants (26,37). The 

effectiveness of the bacteria might be due to 

their ability to produce amino acids, vitamins, 

and hormones, enhance nutrients in the soil, 

improve photosynthesis, and inhibit the growth 

of pathogens (22,23). (46) Indicated that 

B.licheniformis was effective in inhibiting 

fungi, increasing root number and seedling 

fresh weight, as well as increasing the leaves 

content of chlorophyll and antioxidants in 

Arabidopsis treated with bacteria. (21) reported 

that B. licheniformis increased yield to 17.9 

Kgtree-1 and productivity by 3.2 times 

compared with the control treatment. 

 

  

Figure 9. Field experments

Table 6. Evaluation of the efficiency of bacteria in reducing the infection severity caused by R. 

solani in potato 

Treatment 

 Infection

 of severity

 shoot the

system 

 Infection

 the of severity

system root 

 weight Wet

(g) 

 weight Dry

(g) 
(g) Productivity 

1  (soaking) Bl4 26.67 30.00 79.7111 77.67 2000.00 

2 ) (irrigation Bl4  51.67 33.33 7766. 68.67 1166.67 

3 Pesticide (irrigation ) 51.67 23.33 1000.00 79.00 1483.33 

4  Control 83.33 88.33 79566. 48.00 666.67 

L.S.D.0.05% 10.40 16.06 191.30 5.17 114.10 
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