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ABSTRACT 

    Under laboratory conditions, the study assessed the efficacy of certain endophytic 

bacteria isolated from healthy tomato plants in suppressing the pathogenic fungus 

Alternaria solani, which causes early blight in laboratory conditions. The study was 

carried out in the Fungal Diseases Laboratory, Department of Plant Protection, Ministry 

of Agriculture for the 2022 season.  20 bacterial isolates were obtained in several fields in 

Baghdad Governorate. the pathogenicity assay on tomato plants grown in pots revealed 

that 50% of the endophytic bacterial isolates showed pathological symptoms when tested 

individually on aplant, such as yellow spots, necrosis, wilting and death of certain plant 

leaves or the whole plant. In laboratory conditions, the results showed that 40% of the 

endophyte bacterial non pathogenic isolates caused a significant reduction in the growth 

rate of the pathogen on Potato Dextrose Agar (PDA). A.solani growth was most 

significantly inhibited by the isolate B9, which achieved 81.11%. Molecular diagnostics of 

bacterial isolation (B9) using the Bacterial ribosomal genes (16S rRNA) showed that it is 

the bacterium Alcaligenes faecalis.  
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  Alternaria solaniالمعزولة من نباتات طماطة في  تثبيط الفطر    endophytesاختبار فعالية بعض البكتريا من نوع   

 في ظروف المختبر 
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 خلاصةال

لاختبار    2022وزارة الزراعة للموسم    –دائرة وقاية المزروعات  –اجريت الدراسة في مختبر الامراض الفطرية  

الممرض   الفطر  تثبيط  في  سليمة  طماطة  نباتات  من  المعزولة  الاندوفايت  البكتيرية  العزلات  بعض   Alternariaفعالية 

solani    عزلة بكتيرية اندوفايت في عدة حقول في    20مسبب مرض اللفحة المبكرة في ظروف المختبر.تم الحصول على

ان   الاصص  في  الطماطة  نباتات  الامراضية على  اختبارات  نتائج  بغداد.اظهرت  كانت  50محافظة  البكتريا  من عزلات   %

ممرضة اذ اظهرت اعراضا مرضية عند اختبارها بشكل منفرد على النبات، تدرجت من بقع صفراء او متنخرة الى ذبول او 

موت جزء من النبات او النبات باكمله. بينت نتائج اختبار فعالية العزلات البكتيرية غير الممرضة في تثبيط الفطر الممرض 

سبة معدل اقطار  % من عزلات البكتريا سببت خفضا معنويا في ن40على الوسط الزرعي)البطاطا والدكستروز والاكار( ان  

اعلى معدل للنسبة   B9سم .سببت العزلة    6مستعمرة الفطر الممرض مقارنة بمعاملة السيطرة اذ بلغ فيها معدل الاقطار  

الفطر مستعمرة  نمو  لتتثبيط  بلغت     A. solaniالمئوية  )81.11اذ  البكتيرية  للعزلة  الجزيئي  التشخيص  .اظهر   %B9  )

 . Alcaligenes faecalis ( انها البكتريا  16SrRNAباستعمال جين الريبوسوم البكتيري)
 

 ، المكافحة الحيوية ، البكتريا الاندوفايت. A.solaniاللفحة المبكرة ،الفطر الكلمات المفتاحية: 
 

INTRODUCTION 

      Tomatoes are the most important and most consumed vegetable crops after potatoes 

(Ahmed et al., 2023). As they are consumed fresh or cooked and are considered fruits of 

nutritional value because they contain a group of vitamins such as A, B and C, as well as some 

amino acids such as thymine and thymin and contain mineral elements such as iron, calcium 

and phosphorus (Al-Sandooq &Al-Fattah, 2015; Al-Juboori & Alwan 2015, Hatem et al.; 

2020, Abdul- Karim, 2021).Early blight caused by the fungus Alternaria solani is one of the 

most important diseases of the Solanaceae family and highlights its importance on the tomato 

crop, as it affects the quantity and quality of production in different countries of the world 

(Abd Al-Tamimi et al., 2020; Alaa-El-den 2022; Panthee et al., 2024) and losses in the field 

in fruits after harvest are estimated at 50-86% (Parvin et al., 2021).The disease affects the crop 

in open and covered cultivation conditions, as well as the damage caused after harvesting 

during transportation or storage, and these damages increase if the storage conditions are poor.  

The severity of the disease under open cultivation varies from season to season depending on 

the appropriate environmental conditions of the pathogen, as the latter has a direct relationship 

with the rainy season and relative humidity, especially the frequency of rainfall and the dew 

drops at night and their alternation with dry climate conditions during the day,  While covered 

agriculture is one of the ideal environments for this disease, as some preventive measures and 

treatments have not been taken that would reduce the seriousness of this disease and reduce its 
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severity, the high humidity inside the greenhouse causes condensation of water vapor and then 

falls over the parts of the vegetative system of the plant, which leads to the occurrence of 

disease, especially on the old lower leaves, which are more sensitive than the rest of the other 

parts of the plant, causing severe infection of leaves and full down so the Fruits are exposed to 

direct sunlight, which causes blight on the fruits and thus the lack of production and low 

marketing value of the crop (El-Nagar, et al., 2020; Adss, et al., 2021, Fatehpuria & Sasode, 

2022; Ansari et al., 2023).The disease cycle can be repeated more than once during the 

growing season because it takes only 5-7 days, and plants that are more stressful due to lack of 

fertilization, fruiting season or nematode attack are more sensitive to this disease.Many 

methods were used to control this disease and reduce the economic losses. The chemical 

pesticides were used to control the disease, but the over use of pesticides has many problems, 

especially on humans health and to the environment, in addition to the strains become more 

virulent and fungicides resistance (Roy et al., 2019; Riaz et al., 2021). Therefore, other eco-

friendly techniques like the plant oil extract of Cloves, Datura, Neem, and other plants resulted 

in a 75–85% suppression of fungal mycelium and conidia of early blight pathogen A.solani 

(Sahu et al., 2014; Nivedha et al., 2019;Mugao et al., 2021) .Additionally the plant breeders 

also used resistant varieties  to stop the spread of early blight disease and reduce its epidemic, 

and this strategy was mostly successful (Ajeel, 2015; Kaushal et al.,2020). The biological 

control was and still is one of the promising and sustainable solutions in the fight against 

various pathogens, which gave excellent results in combating many plant diseases and reducing 

their spread over the past years, as well as increasing awareness among producers and 

consumers towards organic products, all of this led to an increase in conviction of the 

importance of adopting this method of control (Demir et al., 2023; Montoya-Martínez et al., 

2024).The rhizospheric area is one of the most important areas from which many 

microorganisms such as bacteria and fungi have been isolated, and many studies have shown 

the high effectiveness of the bacteria in this area, which are known as plant growth promoting 

bacteria (PGPR) in inhibiting many pathogens, including the fungus A.solani (Attia et al., 

2020; Shrestha et al., 2022, AL-Aamel; AL-Maliky,2023).Studies have confirmed that soil 

organisms have begun to decrease in number, and this has prompted many researchers to 

search for new habitats in which microorganisms exist, including the organisms that inhabit the 

internal tissues of plants with no pathological symptoms, which are known as endophytes. The 

endophytes microorganisms have an important role in the health of host plant by promoting 

growth as well as resistance to environmental stress conditions. They are an important source 

of biologically active plants such as antibiotics, anti-oxidants and growth regulators (Ancheeva 

et al.,2020; Singh et al., 2020; Siraj et al.,2023) Studies have also reported the success of 

some endophytic bacteria in combating fungal and bacterial pathogens (Maulani, et al.,2019; 

Murtado et al., 2020; Prasad et al., 2024).Due to the high incidence of early blight in most 

tomato growing areas in Baghdad province, including fields and greenhouses, as well as the 

significant economic losses caused by this disease, the study's proposal was to isolate 

endophytic bacteria from healthy tomato plants and evaluate their effectiveness in inhibiting 

the pathogenic fungus A.solani in laboratory conditions. 
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MATERIAL AND METHODS 

 Sample collection, isolation and purification of endophytic bacteria: 

Healthy tomato plants, free of any disease symptoms, were collected from tomato fields in 

Baghdad Governorate/ Iraq (AL-Taji, AL-Tarmiya, AL-Yousufiyah, Abu Gharib, AL-

Radwaniya and AL-Jadriyah). The location, date of the collection and the variety of tomato 

cultivated were indicated on the polyethylene bags containing the tomato plant samples. the 

samples were transferred to the Fungal Diseases Laboratory- Department of Plant Protection - 

Baghdad - Ministry of Agriculture / Iraq. Plants were washed well with tap water to get rid of 

impurities and dust, then cut and separated into (roots, stems, leaves and fruits), cut the plant 

parts into small pieces (0.5 cm). the plant parts were sterilized triple sterilization sequentially 

(first with ethanol 96% for one minute, then transferred to sodium hypo chlorate 3% for three 

minutes and finally put in ethanol 96% for 30 seconds). (Rebotiloe et al.,2018; Bahmani et 

al.,2021). To get rid of microorganisms on the surface of the plant pieces. After that, the pieces 

were twice cleaned with sterile distilled water to get rid of any remaining sterilized material, 

and the extra water was disposed of by placing them on sterile filters. The plant pieces were 

placed in Petri dishes filled with ready-made Nutrient Agar (NA) (28 g/L; Hi Media India), 

which had been sterilized by autoclave for 15 minutes at 121°C and 1.5 kg/cm2. Four pieces of 

plants/ petri dish and three replicates for each sample were made. The dishes were incubated at 

a temperature of 27 ± 2 ° C with daily monitoring until bacterial growths appeared around the 

plant pieces. A portion of the bacterial growth tip was taken and replanted in other Petri dishes 

containing NA medium to obtain pure bacterial colonies. Using the four-way streak method, 

the bacterial isolates were purified using the single colony technique. The inoculating loop was 

flame-sterilized and then allowed to cool. a small portion of the pure bacterial colony was pick 

up.  The four sections of the nutrient agar Petri plate are streaked one after the other in a 

sequential manner. The loop was sterilized after each streaking over the surface of NA media 

to ensure obtaining individual bacterial colonies for each isolate.  three dishes (replicates) of 

each bacterial culture were made. The dishes were incubated at a temperature of 27 ± 2° C with 

daily monitoring. Single bacterial colonies were selected and inoculated a new Petri dishes 

containing culture medium (NA) (Doolotkeldieva et al., 2016; Axler-DiPerte,2017). 

  

Pathogenicity testing of Endophytic bacterial isolates on tomato seedlings in pots 

condition:  

Nutrient Broth (NB) was prepared. Pour 10 ml of the NB into glass tubes (20 ml) and 

autoclaved then inoculated with pure bacterial isolates using Sterile loop and incubated at 27 ± 

2°C for 48 hours. A series of dilution (10-1-10-6) were prepared from each bacterial cultures. 

Three replicates/dilution were made. To estimate the number of bacterial cells, one ml from the 

first dilution was put in the Petri dish using micropipette and 20 ml of sterilized NA medium at 

45° C was poured in each dish with continuous stirring to ensure the homogeneity of the 

bacterial cells with the NA medium. The process was repeated for other dilution, the dishes 
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were incubated at 27 ± 2°C for 24 hours. The average number of bacterial colony/ml was 

calculated according to the equation (average number of colonies× inverted dilution). (Ahmed 

& Alani, 2013). 

Plastic pots (size 2 kg), were sterilized by ethanol 70%. The mixture of peat moss and 

soil was moistened, then sterilized in an autoclave twice, with 24 hours between each time , to 

ensure that the mixture is sterilized well, and  distributed in the pots. The pots were planted 

with 60 days old tomato plants of the Rawea variety, produced locally by the Department of 

Horticulture / Ministry of Agriculture –Iraqi, and left 15 days with watering when needed with 

sterile water. Each pot was planted with one plant. The plant's leaves were injured using a 

sterile needle. Each plant was sprayed with five ml of bacterial inoculum at a concentration of 

103 CFU/ml in each pot, with three plants (replicates) for each bacterial isolate. Three plants 

were sprayed with distilled water as a control. the plants were covered with sterile polyethylene 

bags for three days to maintain moisture for bacterial cells. after 5-7 days of inoculation, the 

results were recorded, the appearance or absence of any disease symptoms appearing on the 

plants (Al-khafagi,2019). 

The effectiveness of endophytic bacterial isolates against the pathogenic fungus A.solani 

on the culture medium in laboratory : 

The medium, Potato Dextrose agar (PDA), was prepared (Hi Media-India) and 

autoclaved as previously explained. The sterile media was poured in Petri dishes 20 ml/dish. 

An amount of 0.1 ml of bacterial inoculum was added to each dish and was spread using a 

sterile glass bacterial diffuser (all non-pathogenic endophytic bacterial isolates were used,24 

hours old, at concentrations of 103 colony-forming units/ml, prepared as in the previous 

paragraph). Then, the plates were inoculated at their center with a 5 mm diameter disk of the 

pathogenic culture A.solani (the pathogenic isolate A.s5 was identified phenotypically and 

molecularly by the first researcher in a previous study), which was taken from the edge of the 

fungal culture.Three replicates were made for each endophytic bacteria, and three dishes were 

inoculated with the A. solani on PDA medium only as control (Matlob  & Juber,2012). .The 

dishes were incubated at a temperature of 25 ± 2 ºc and the results were recorded after seven 

days to calculate the percentage of inhibition using the equation (Jamel et al.,2023):  

 

%𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
diameter of the pathogen in the control−diameter of the pathogen in the Treatment

diameter of the pathogen in the control
× 100

  

The results were analyzed statistically using CRD using Genstat 2007. 
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RESULTS AND DISCUSSION 
 

 Sample collection, isolation and purification of endophyteic bacteria: 

Twenty isolates of endophytic bacteria were isolated from all healthy tomato samples 

collected in this study according to regions, tomato varieties, and the plant part from which the 

endophytic bacteria were isolated on the basis of phenotypic differences, the colonies were 

purified and then replanted using the single-colony technique, and codes were given from B1 

to B20 as shown in (Table.1).No endophyte bacteria were obtained from Al- Taaji and Al-

Tarmiya fields.  
 

Table (1): Isolates of Endophytic bacteria isolated from healthy tomato plants from different 

regions in Baghdad Governorate / Iraq for the season 2022. 
Tomato variey Part of plant Samples place Isolation 

number 

24s Local Stem Abi gharib B1 

futon  Holland Imported fruit Alyusfiya B2 

futon   Imported stem Alyusfiya B3 

futon Holland Imported Stem Alyusfiya B4 

25s  Local leaves Abi gharib B5 

25s  Local Rot Abi gharib B6 

futon Holland Imported Stem Alyusfiya B7 

24s Local leaves Abi gharib B8 

Local shahd Stem Alradwaniyah B9 

Local Rawea Rot Alradwaniyah B10 

24s Local Rot Abi gharib B11 

futon Holland Imported Rot Alyusfiya B12 

25s  Local Stem Abi gharib B13 

25s  Local leaves Abi gharib B14 

25s Local Rot Abi gharib B15 

futon Holland     Imported Rot Abi gharib B16 

Local shahd fruit Aljadriya B17 

Local shahd Stem Aljadriya B18 

Local shahd leaves Aljadriya B19 

Local shahd Rot Aljadriya B20 

 Pathogenicity testing of Endophyte bacterial isolates on tomato seedlings in pots 

condition: 

The results showed that the bacterial isolates B1, B3, B6, B10, B11, B13, B17, B18, 

B19 and B20 were pathogenic to the tomato plants, as they showed pathological symptoms 

(Table 2. and Figure 1.) graded from yellow spots and dead necrotic spots to wilting the whole 

plant and death in some cases after 5-7 days of spraying the plants with bacterial suspension, 

While the isolates B2, B4, B5, B7, B8, B9, B12, B14, B15, and B16 did not differ from the 

control treatment (spraying the plants with sterile distilled water only), as no disease symptoms 

appeared on the tomato seedlings that were treated with it. Some bacterial isolates showed 

disease symptoms despite being isolated from healthy tomato plants. This may be attributed to 
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several reasons. The first is that these bacteria may be pathogenic to the plant, but no disease 

symptoms appeared on it because the amount of bacterial inoculum (number of bacterial cells) 

present with the healthy plant was not sufficient to cause disease in plants due to the balance 

between all types of bacteria in the plant host, but when grown in a laboratory with appropriate 

environmental conditions and the absence of other competing organisms, it led to the 

appearance of clear disease symptoms on tomato plants treated with the bacteria (Omer et al., 

2021; Ibanez et al., 2023). 

     The second reason may be due to the presence of relative resistance in the plant variety 

from which it was isolated, such that no disease symptoms appear on the plant, whereas when 

the local variety was inoculated individually with endophyte bacteria, which appear to be 

sensitive to these bacteria, distinctive disease symptoms appeared on it because it does not 

have resistance genes to protect it from Pathogens (Aslam et al.,2017; Lalramhlimi et al., 

2023). In addition, the environmental conditions in the fields from which the endophytic 

bacteria were isolated may not have been appropriate and ideal for causing diseases on the 

plants grown in them, and when the appropriate environmental conditions were provided in this 

test, such as heat, light, and humidity, as a result of watering the plant well, spraying it with a 

bacterial suspension, and then covering the plants with sterile polyethylene bags. All of these 

conditions helped the endophytic bacteria to cause disease symptoms on the tomato plants they 

treated (Abrahamian et al., 2021). 

Table (2): Pathogenicity test of endophytic bacterial isolates on healthy tomato plants. 
Symptoms type Symptoms disease appear Tretment 

- - Control (D.W +H.P.)* 

Necrosis spot+ wilt some branch + B1 

- - B2 

Wilt + Death the plant + B3 

- - B4 

- - B5 

Yellow sopt + wilt the plant + B6 

- - B7 

- - B8 

- - B9 

Necrosis +  Blight some leaves + B10 

Wilt some branch of plant + B11 

- - B12 

 Yellow and Necrosis the leaves.   + B13 

- - B14 

- - B15 

- - B16 

Wilt all plant + B17 

Blight and Death some leaves + B18 

Wilt and Death the plant + B19 

Necrosis spot+ wilt some branch + B20 
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Transactions were carried out on seedlings of tomato varieties of a local Rawea 60 days old in 

pots. * The control plants were spry with D.W= Distell Water , H.P. = Healthy Plant. 

 Based on the results of this test, all pathogenic bacterial isolates that caused pathological 

symptoms of tomato seedlings were excluded. 

 

       

 

Figure (1): a =An experiment of pathogenetic testing of endophyte bacterial isolates in pots 

      b = Some pathological symptoms caused by pathogenic bacterial isolates on tomato plants. 

Evaluation of the effectiveness of some endophytic bacterial isolates against the pathogen 

A.solani on the culture medium in the laboratory: 

The results are shown in (Table 3. and Figure 2.) Most of the Endophytic bacterial 

isolates (B2, B4, B5, B9, B12, B14, B15 and B16) were effective in inhibiting the growth of A. 

solani, where the average percentage inhibition ranged between 41.11 and 81.11% with 

significant differences to the control treatment (pathogen only). The lowest percentage rate of 

inhibition was recorded with isolates B8, B7 and B5, as it reached 41.11, 48.89 and 57.78%, 

respectively, with the highest rate of the colony diameter of the fungus colony was recorded as 

 
a 
    

     b  
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it reached 3.53, 3.06 and 2.35 cm compared to the measurement of the colony of the pathogen 

in the control treatment, which amounted to 6.00 cm. While the highest percentage of 

inhibition was recorded with isolates B9, B2 and B14, reaching 81.11, 78.33 and 77.78%, in 

which the average diameter of the A. solani  colony reached 1.13, 1.30 and 1.33 cm, 

respectively, The three isolates B2, B9 and B14 were molecular diagnosed in another study of 

the researchers based on the 16SrRNA gene and the results showed that these isolates belong to 

the bacterium Alcaligenes faecalis and were registered at the National Center for 

Biotechnology Information NCBI under the accession numbers PP217985.1, PP217986.1 and 

PP2179888.1 respectively. 

     The inhibitory effectiveness of these isolates may be attributed to one of the following 

reasons. The first is the production of some compounds that have an inhibitory effect on plant 

pathogens in the cultural medium, such as alkaloids, steroids, acids, fats, peptides, phenols, 

flavonoids, and terpenes. (Priyashantha et al.,2023). It has been known that Endophytic 

bacteria are an important source of secondary metabolites such as HCN, Salicylic acid, 

Siderophore and IAA, which are known for their many different uses, for example in the 

agricultural field and as antibiotics , as well as their use as biological control agents against 

plant-pathogenic fungi (Latha, et al., 2019; Rana et al.,2020, Basit et al., 2021; Eid et al., 

2021). Indicated that the suppression of the pathogen may be due to competition for space or 

for the nutrients it needs, as the endophyte bacteria are known to quickly invade their planthost 

in the field and exploit the nutrients needed by the pathogens for ease of freshness, which leads 

to their contribution and sometimes their death. These characteristics, carried by the 

Endophytic bacteria individually or in combination, may explain their high antagonist 

activityin vitro against A.solani. 

These results are consistent with several studies that have confirmed the high efficacy 

of endophytic bacteria isolated from tomato plants in inhibiting and controlling many plant 

pathogenic fungi, including A.solani under laboratory or field conditions (Maulani et al., 2019 

; Boyno et al., 2020, Murtado et al., 2020 ;  Gorai et al., 2021). 
 

Table (3): Effectiveness of Endophytic bacteria Isolated from Tomato Plants in Inhibition of 

Alternaria solani on PDA in Laboratory Conditions. 
Percentage of inhibition Radial growth (cm) Tretment Symbol of Tretment 

0.00 6 Control =pathogen only T1 

78.33 1.30 B2+Pathogen T2 

61.11 2.33 B4+Pathogen T3 

57.78 2.53 B5+Pathogen T4 

48.89 3.06 B7+Pathogen T5 

41.11 3.53 B8+Pathogen T6 

81.11 1.13 B9+Pathogen T7 

67.22 1.96 B12+Pathogen T8 

77.78 1.33 B14+Pathogen T9 

69.44 1.83 B15+Pathogen T10 

71.11 1.73 B16+Pathogen T11 

3.80 0.22 - L.S.D 0.05 
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Each number in the table represents the rate of three replicates. The data were recorded seven 

days after inoculation the tomato plant (Rawea Variety) with the pathogenic fungus A.solani in 

petri-dishes (Ø9 ). 

 

 

 

Figure (2): a = bacterial isolates used to inhibit the pathogenic fungus.  

              b = a picture showing the Percentage of inhibition.          

    c =The zone of inhibition of pathogenic fungus A.solani is on the culture medium in the 

presence of endophyte bacteria                                                                          
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CONCLUSION 

Based on the results that appeared in this study, most of the non-pathogenic endophyte 

bacterial isolates isolated from healthy tomato plants led to inhibition of pathogenic fungus A. 

solani is the causative agent of early blight on tomatoes on the culture medium, and isolation 

B9 surpassed the rest of the isolates and led to the highest percentage rate of inhibition 

amounting to 81.11%. this isolation (B9) was diagnosed as the bacterium Alcaligenes faecalis 

molecularly.As a recommendation, these bacterial isolates can be used in the fight against early 

blight disease under field conditions, because biological control is a safe and long-term 

method, as well as endophyte bacteria work to help the plant withstand environmental stress 

conditions and improve the vegetative qualities of the plant                                                         
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