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Isolation and characterization of Endophytic Bacillus 

isolated from tomato roots 
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Abstract 
Endophytic bacteria invade the host plant's tissues and develop a mutually beneficial relationship 

demonstrating a complex interaction inside the host plant. They are a vital part of plant micro ecosystem 

because they defend the plant against microorganisms and environmental stresses. The heat resistant 

spores and its ability to survive in diverse environmental situations make Bacillus a popular microbe for 

commercial use as biocontrol agent and plant growth promoting bacteria. In the study, total of 130 

Bacillus endophytes were isolated from tomato roots from 20 locations under six districts of Meghalaya 

viz. South West Garo hills, West Garo hills, West Jaintia hills, East Jaintia hills, East Khasi hills and Ri 

Bhoi districts. Based on biochemical characters and bacterial identification software ABIS online all the 

130 isolates were tentatively identified up to species level. The isolates belonged to the genera Bacillus, 

Paenibacillus and Viridibacillus with maximum of 17 isolates each identified as Bacillus 

amyloliquefaciens and B. thuringiensis. The study gives a good insight into the diversity of Bacillus 

endophytes found in tomato roots of Meghalaya. 
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Introduction 

Tomato (Solanum lycopersicum L.) is a short duration vegetable which has been extensively 

cultivated mainly as a cash crop around the world (Adepoju, 2014) [2]. Tomato belongs to the 

Solanaceae family and have two assumptions about the origin of tomato one supporting 

Mexican and another Peruvian origin (Peralta and Spooner, 2007) [28]. Tomato is the third 

largest vegetable crop after potato and sweet potato but it ranks first as a processed or canned 

vegetable (Yeshiwas et al., 2016) [37]. During 2017-2018 the total area under tomato crop in 

Meghalaya was 2200 ha with production of 35510 metric tonne (Anon, 2018) [6]. Endophytes 

are known to colonize tomato plants and other vegetables. Plant-associated microorganisms 

called endophytes invade and occupy plant tissue without harming the host plant (Kandel et 

al., 2017) [18].  

They are found in healthy plant parts such as the root, stem, and fruits (Kloepper, 1995) [21]. 

Endophytes have antimicrobial, anti-insect and anticancer properties since they contain 

secondary metabolite like phenolic acids, alkaloids, steroids, saponins, tannins, quinone and 

terpenoids (Gouda et al., 2016) [14] and they have plant growth promotion and disease 

suppression activities (Malfanova et al., 2011) [23]. Bacillus is one of the most commonly 

occurring genera of endophytic bacteria exploited as bio control agent (Nandhini et al., 2012) 
[26]. 

Bacillus are aerobic or facultative anaerobic, gram positive, rod shaped, flagellated motile 

bacteria, catalase positive belonging to the division Firmicutes (Vargas et al., 2004) [33] 

containing 60 species having different phenotype (Wulff et al., 2002) [35]. Bacillus spp. can 

form endospore which can withstand and resist adverse environmental conditions making them 

easily adapt to diverse habitats (Priest, 1993) [29]. It requires many biochemical test for their 

identification (Sneath et al., 1986) [31]. Bacillus species are identified on the basis of 

morphological characters and biochemical features described by Holt et al. (2000) [16]. Most 

Bacillus spp. are oxidase and catalase positive and can ferment carbohydrate (Aruwa and 

Ogunlade, 2016) [7]. Bacillus have been identified as plant growth promoting and biocontrol 

agents against diverse plant pathogens (Jayapala et al., 2019) [17]. B. Subtilis group (B. 

subtilis, B. pumilus, B. atrophaeus, B. licheniformis and B. amyloliquefaciens) and B. cereus 

group (B. anthracis, B. cereus, B. thuringiensis, B. mycoides, B. pseudomycoides, and B. 

weihenstephanesis) have both antagonistic and plant growth promoting potentials 
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(Ash et al., 1991) [9]. Bacillus subtilis is the main species of 

Bacillus that has been widely studied for its antagonistic 

activity along with other species like B. megaterium 

(Kanjanamaneesathian et al., 2007) [19], B. vallismortis (Kaur 

et al., 2015) [20], B. velezensis (Palazzini et al., 2016) [27], B. 

amyloliquefaciens (Maung et al., 2017) [25], B. pumilus 

(Agarwal et al., 2017) [3], and B. cereus (Wang et al., 2019) 
[34]. The study of root associated endophytic Bacillus is 

necessary to understand their interaction with the plant and 

their role in rhizosphere. Examining various non-pathogenic 

endophytic Bacillus associated with tomato plants may help to 

recognise superior endophytic bacterial strains which have the 

tendency to be exploited as a bio control agent with plant 

growth promoting capabilities. Hence, the present study 

focuses on the isolation and characterization of endophytic 

Bacillus isolated from tomato roots grown in Meghalaya. 

 

Materials and Methods 

Isolation and purification of Bacillus endophytes 

Bacillus endophytes were isolated from healthy tomato roots 

collected from 20 different locations of Meghalaya by the 

method described by Zinniel et al. (2002) [38] with slight 

modifications. The roots after washing in running tap water 

were surface sterilized with 70% ethanol for 1 min followed 

by immersing in 2% sodium hypochlorite solution for 3 min 

and again in 70% ethanol for 30 sec. The roots were cut and 

macerated in sterile mortar and pestle by adding phosphate 

buffer having 7.2 pH. From the total extract only 1.5 ml of the 

aliquot was taken and added to micro centrifuge tubes. They 

were given heat shock treatment by keeping the tubes in water 

bath at 80 oC for 5 min to eliminate other unwanted 

microorganisms. Tissue extract were diluted up to 105 in 

sterile saline and 0.1ml of the aliquot plated by spread plate 

method on Nutrient Agar plates. These plates were then 

incubated at 28 ± 1°C for 24 h. Bacterial colonies of Bacillus 

developed in dilution plates of NA were selected and single 

colonies were then picked up and streaked in a fresh NA 

medium with the help of a sterile loop to obtain pure culture. 

They were incubated at 28 ± 1 °C for 24 h. 

 

Maintenance of isolates 

The pure cultures were maintained by regular sub culturing at 

an interval of two months on NA slants and kept at 4 ±1°C in 

refrigerator. Long term preservation of the cultures were done 

by inoculating a loopful of 48 h old pure culture to 5 ml of 

sterile distilled water in screw caped storage vial of 10 ml and 

stored in refrigerator at 4 ± 1°C. Stock cultures were also 

made in Luria Bertani (LB) broth containing 20% (w/v) 

glycerol and stored at -20 °C. 

 

Cultural and biochemical characterization of Bacillus 

endophytes 

Cultural and biochemical tests of all the endophytic Bacillus 

spp. were achieved by the methods described by Cappucino 

and Sherman (2002) [10]. Cultural studies like gram staining 

using the Gram staining kit (K00-1Kt, Himedia) and KOH 

solubility Test (3%) were done for all the isolates. The 

Bacillus endophytes were biochemically characterized for the 

identification and classification of the isolates by referring the 

guidelines described by Holt et al. (2000) [16] in Bergey’s 

Manual of Determinative Bacteriology. A total of twelve (12) 

biochemical test were performed on all isolates, which 

included oxidase production, catalase test, gelatin hydrolysis, 

arginine dehydrolase, urease test, nitrate reduction test, citrate 

utilization test, indole test, Methyl Red (MR) test, Voges - 

Proskauer (VP) test, Hydrogen sulphide (H₂ S) production 

test, and glucose fermentation test. 

 

Tentative identification of the Bacillus isolates 

Bacillus isolates were tentatively identified upto species level 

based on biochemical test and the bacterial identification 

software ‘Advance bacteriological identification software’ 

(ABIS) was also used for accurate identification. 

 

Results and Discussion 

Isolation of Bacillus endophytes 

A total of 130 putative endophytic Bacillus isolates were 

isolated from tomato roots collected from 20 different 

locations of Meghalaya (Table 1). Among them maximum 10 

isolates were obtained from tomato roots collected from 

Chibinang followed by Umshing-Mawkynroh (9 isolates) and 

Lokaichar (9 isolates) while least number of isolates were 

obtained from Umdihar (3 isolates). Bacterial endophytes tend 

to harbour with maximum densities in the roots of the host 

plant compared to other parts like stem, leaf (Gao et al., 2012) 
[13]. Since the environment around the root is complex and 

under the influence of both biotic an abiotic factors, the roots 

tend to have highest endophytic bacteria. Similarly, six gram 

positive endophytic Bacillus were isolated from tomato seeds 

(Amaresan et al., 2012) [5]. The present finding is also similar 

with that of Yanti et al. (2018) [36] who isolated 15 endophytic 

Bacillus from healthy tomato plants grown in Indonesia. 

Similarly, Abdallah et al. (2018) [1] isolated endophytic 

Bacillus from tomato roots, stems, leaves, flowers, fruits and 

seed collected from different places of Tunisia. 

 
Table 1: Endophytic Bacillus isolates associated with tomato roots 

obtained from different parts of Meghalaya 
 

Sl. 

No. 
Districts 

Locations 

name 

Total number of Bacillus 

endophytes isolated 

1 Ri Bhoi District CPGS-AS 8 

  
Umiet 5 

  
Bhoirymbong 4 

  
Umsning 6 

  
Umdihar 3 

2 East Khasi Hills Sohryngkham 8 

  

Umshing-

Mawkynroh 
9 

  
Mylliem 8 

3 East Jaintia Hills Moolasngi 6 

  
Daistong 7 

4 West Jaintia Hills Moodymmai 8 

  
Larnai 6 

  
Ummulong 5 

5 West Garo Hills Chibinang 10 

  
Damalgre 8 

  
Chandabhoi 4 

6 
South West Garo 

Hills 
Lokaichar 9 

  
Kalegaon 5 

  
Kodaldhuwa 5 

  
Bhoirakupi 6 

  
TOTAL 130 

 

Characterization of Bacillus endophytes 

Cultural studies 

All 130 isolates were found to be gram-positive and rod-

shaped. KOH test was additionally found to be negative for 

all the isolates which indirectly prove the isolates as gram-
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positive (Table 2). Similar results were also found by Agarwal 

and Agarwal (2013) [4] and Chukeatirote et al. (2015) who 

reported Bacillus sp. to be gram positive and rod shaped. 

Gram staining may give variable result due to hasty 

decolourization of gram positive bacteria like Bacillus so 

alternative method like KOH test were used to confirm the 

gram positive or negative result (Dash and Payyappilli, 2016) 
[12]. So, all the 130 isolates were confirmed as Bacillus 

supported by the investigations of Holt et al. (2000) [16] and 

Sarode et al. (2019) [30] who also found Bacillus to be KOH 

negative and gram positive. 

 

Biochemical characterization 

Twelve biochemical tests were performed for tentative 

identification of the Bacillus isolates up to species level 

(Table 2 and Fig. 1). Among 130 Bacillus isolates tested, 60 

isolates were oxidase positive indicated by the change in 

colour of the oxidase disc to purple colour. All 130 Bacillus 

isolates can produce bubble when a loopful of bacterial 

colony was mixed into hydrogen peroxide solution (3%) 

indicating a positive catalase test result.126 isolates were able 

to hydrolyse gelatin. Arginine Dehydrolase test was found 

positive for 75 isolates by giving a distinct red or dark pink 

colour of the arginine medium. 44 isolates could change the 

colour of urease broth from pink to red giving a positive 

reaction, rest 86 isolates were negative as the broth remained 

yellow colour. Out of 130 isolates, 99 isolates could reduce 

nitrate to nitrite by giving a pink or red colour of the nitrate 

broth that indicates positive reaction to nitrate reduction test. 

Only 17 isolates gave positive result by changing the green 

colour of simon citrate agar to blue colour indicating positive 

result of citrate utilization test. Only 4 isolates viz. ERBS40, 

ERBS71, ERBS82 and ERBS32 could convert tryptophan 

into indole by forming a red ring at the top of the tubes 

revealing that they were positive to indole test. Negative 

results were shown by all the isolates for methyl red test as 

the MR-VP broth did not change its colour to red and 

remained yellow. All 130 isolates gave positive reaction to 

produce acetylmethyl carbinol from glucose fermentation by 

changing the MR-VP broth to red colour indicating Voges - 

Proskauer (VP) positive. Only 34 isolates were able to reduce 

sulphur into sulphide by changing the Sulphide-indole-

motility (SIM) agar medium into black colour which revealed 

its positive result to Hydrogen sulphide (H₂ S) production. 

Glucose fermentation test was found positive for majority of 

the isolates with 106 isolates changing the phenol red broth to 

yellow colour. Lu et al. (2018) [22] also found that Bacillus 

was methyl red and indole negative; however it was able to 

ferment glucose and was VP positive. H2S production, 

oxidase, and simmons citrate negative Bacillus spp. were also 

reported by Hadi et al. (2019) [15] and they exhibited a 

catalase activity that was positive. Bacillus spp. were also 

identified as Gram-positive, rod-shaped, starch hydrolyzing, 

and catalse-positive in a previous study (Toppo and Naik, 

2015) [32]. 

 

Tentative identification of the Bacillus isolates 

The most frequent approach employed for identification of 

Gram-positive spore bearing bacilli in the laboratory is 

conventional methods based on biochemical studies. Based on 

biochemical tests, and Advance bacteriological identification 

software (ABIS), the 130 isolates were sorted into three 

genera (Bacillus, Paenibacillus and Viridibacillus) and 26 

different species (Table 2 and Fig. 2).  

17 isolates were tentatively identified as Bacillus 

amyloliquefaciens (ERBS1, ERBS8, ERBS20, ERBS23, 

ERBS38, ERBS43, ERBS47, ERBS48, ERBS51, ERBS52, 

ERBS56, ERBS57, ERBS62, ERBS67, ERBS81, ERBS89 

and ERBS97) with a similarity per centage ranging from 85-

95.20%, whereas 17 isolates were grouped as Bacillus 

thuringiensis (ERBS9, ERBS13, ERBS15, ERBS19, 

ERBS22, ERBS24, ERBS26, ERBS27, ERBS28, ERBS30, 

ERBS33, ERBS35, ERBS36, ERBS37, ERBS39, ERBS70 

and ERBS88) with 83.90-99% similarity per centage. 15 

isolates were designated as Paenibacillus polymyxa (ERBS5, 

ERBS18, ERBS29, ERBS31, ERBS32, ERBS34, ERBS59, 

ERBS75, ERBS90, ERBS102, ERBS103, ERBS105, 

ERBS110, ERBS115 and ERBS127) with 90.80-98.30% 

similarity per centage, while ERBS7, ERBS14, ERBS21, 

ERBS25, ERBS42, ERBS50, ERBS55, ERBS58, ERBS63 

and ERBS76 and ERBS126 i.e. 11 isolates with a similarity 

per centage ranging from 83-90.8% were sorted as B. 

licheniformis. 10 isolates (ERBS2, ERBS41, ERBS44, 

ERBS49, ERBS64, ERBS74, ERBS77, ERBS107, ERBS109 

and ERBS113) were identified as B. siamensis (83.80-92.4% 

similarity range), 6 isolates (ERBS3, ERBS17, ERBS96, 

ERBS108, ERBS114 and ERBS120) as B. Pumilus (87-97.4% 

range similarity), whereas 5 isolates from each of 

Paenibacillus pectinilyticus (ERBS79, ERBS92, ERBS94, 

ERBS104 and ERBS106) and B. subtilis (ERBS72, ERBS78, 

ERBS80, ERBS111 and ERBS122) with 83.9-99% and 87.7-

95.5% similarity range respectively. Others were tentatively 

identified as B. acidiceler (ERBS121, ERBS123, ERBS125, 

and ERBS128), Paenibacillus macerans (ERBS10, ERBS61, 

ERBS112, and ERBS119), B. psychrophilus (ERBS54, 

ERBS100, ERBS117, and ERBS130), and Bacillus. 

tequilensis (ERBS60, ERBS65, ERBS81 and ERBS83) with a 

similarity range of 83.2-90.8%, 90.8%, 83.2-90.8% and 91.5-

99% respectively.  

Only few isolates were identified as Paenibacillus 

castaneae (ERBS84 and ERBS85), B. fumarioli (ERBS86 and 

ERBS87), B. coagulans (ERBS116 and ERBS129), 

Paenibacillus peoriae (ERBS4 and ERBS93), Viridibacillus 

neidei (ERBS6 and ERBS16), B. cereus (ERBS69 and 

ERBS73), Paenibacillus validus (ERBS118 and ERBS126), 

B. fumarioli (ERBS66), B. nealsonii (ERBS12), B. 

niacini (ERBS40), B.vietnamensis (ERBS99), Paenibacillus 

alvei (ERBS82), Paenibacillus assamensis (ERBS11), 

Paenibacillus koreensis (ERBS68). Seven isolates were 

classified into unknown group as species could not be 

identified. Majority of the isolates were identified as B. 

amyloliquefaciens, B. thuringiensis and P. polymyxa. 

Similarly, Aruwa and Olatope (2015) [8] categorized 21 

Bacillus species as B. cereus, B. subtilis, B. megaterium, B. 

licheniformis, B. sphaericus and B. polymyxa based on 

biochemical tests. The result is in agreement with that of 

Manoj et al. (2018) [24] who identified 38 strains of Bacteria 

as different Bacillus, Paenibacillus, Psedomonas and Vibro 

species based on biochemical test and ABIS biochemical 

identification database.  
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Table 2: Biochemical characterisation and tentative identification of the endophytic Bacillus isolates 
 

Isolate Names 
Biochemical tests Tentative identification 

GR KOH Ur Glu Oxi Nit Cit Gel In MR VP Cat H2S Arg Organism name Similarity per cent 

ERBS1 + - + + + + - + - - + + - + Bacillus amyloliquefaciens 87.70% 

ERBS2 + - ++ + - + - + - - + + - + Bacillus siamensis 84.90% 

ERBS3 + - - - - - + + - - + + - - Bacillus pumilus 94.50% 

ERBS4 + - - + - - - + - - + + - + Paenibacillus peoriae 87.70% 

ERBS5 + - - - - + - + - - + + - - Paenibacillus polymyxa 98.30% 

ERBS6 + - - + - - - + - - + + - - Viridibacillus neidei 83.80% 

ERBS7 + - ++ + + + + + - - + + - + Bacillus licheniformis 90.80% 

ERBS8 + - - - + + - + - - + + - - Bacillus amyloliquefaciens 95.20% 

ERBS9 + - - + + + + + - - + + - + Bacillus thuringiensis 91.50% 

ERBS10 + - - - + + - + - - + + - - Paenibacillus macerans 90.80% 

ERBS11 + - + + + - - + - - + + - + Paenibacillus assamensis 80.20% 

ERBS12 + - - + - - - - - - + + - - Bacillus nealsonii 83.80% 

ERBS13 + - + + - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS14 + - ++ + + - ++ + - - + + - + Bacillus licheniformis 90.80% 

ERBS15 + - - + + + + + - - + + - + Bacillus thuringiensis 99% 

ERBS16 + - - + - - - + - - + + - + Viridibacillus neidei 83.80% 

ERBS17 + - - + - - ++ - - - + + - - Bacillus pumilus 94.50% 

ERBS18 + - - + - + - + - - + + - - Paenibacillus polymyxa 90.80% 

ERBS19 + - - + - + - + - - + + - + Bacillus thuringiensis 99% 

ERBS20 + - - - + + - + - - + + - + Bacillus amyloliquefaciens 95.20% 

ERBS21 + - ++ + + + - + - - + + - + Bacillus licheniformis 90.80% 

ERBS22 + - - + + + + + - - + + - + Bacillus thuringiensis 99% 

ERBS23 + - - + + + - + - - + + + + Bacillus amyloliquefaciens 95.20% 

ERBS24 + - ++ + - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS25 + - ++ + + + - + - - + + - + Bacillus licheniformis 83.20% 

ERBS26 + - - + - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS27 + - - + - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS28 + - - - - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS29 + - - - - + - + - - + + - - Paenibacillus polymyxa 90.80% 

ERBS30 + - - + - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS31 + - - + - + - + - - + + - - Paenibacillus polymyxa 98.30% 

ERBS32 + - - + - + - - - - + + + - Paenibacillus polymyxa 98.30% 

ERBBS3 + - ++ + - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS34 + - - + - + - + - - + + - - Paenibacillus polymyxa 90.80% 

ERBS35 + - - + - + - + - - + + + + Bacillus thuringiensis 91.50% 

ERBS36 + - - + - + - + - - + + - + Bacillus thuringiensis 91.50% 

ERBS37 + - ++ + - + - + - - + + - + Bacillus thuringiensis 83.90% 

ERBS38 + - - + + + - + - - + + - - Bacillus amyloliquefaciens 95.20% 

ERBS39 + - ++ + - + - + - - + + - + Bacillus thuringiensis 83.90% 

ERBS40 + - + + - - - + + - + + - - Bacillus niacini 94.80% 

ERBS41 + - - + - + - + - - + + + + Bacillus siamensis 91.40% 

ERBS42 + - ++ + + + + + - - + + + + Bacillus licheniformis 90.80% 

ERBS43 + - - + + + - + - - + + + + Bacillus amyloliquefaciens 95.20% 

ERBS44 + - - + - + - + - - + + + + Bacillus siamensis 91.40% 

ERBS45 + - + + + - - + - - + + + + unknown - 

ERBS46 + - + + + - - + - - + + + + unknown - 

ERBS47 + - - - + + - + - - + + + - Bacillus amyloliquefaciens 95.20% 

ERBS48 + - - + + + - + - - + + + + Bacillus amyloliquefaciens 87.70% 

ERBS49 + - - + - + - + - - + + + + Bacillus siamensis 91.40% 

ERBS50 + - ++ + + + - + - - + + + + Bacillus licheniformis 83.20% 

ERBS51 + - - - + + - + - - + + + - Bacillus amyloliquefaciens 95.20% 

ERBS52 + - - + + + - + - - + + + + Bacillus amyloliquefaciens 85% 

ERBS53 + - +++ + - - - + - - + + + - unknown - 

ERBS54 + - +++ + + - - + - - + + + + Bacillus psychrophilus 90.80% 

ERBS55 + - ++ + + + - + - - + + + + Bacillus licheniformis 90.80% 

ERBS56 + - - + + + - + - - + + + + Bacillus amyloliquefaciens 87.70% 

ERBS57 + - - + + + - + - - + + + + Bacillus amyloliquefaciens 87.70% 

ERBS58 + - ++ + + + - + - - + + + + Bacillus licheniformis 83.20% 

ERBS59 + - +++ + - + - + - - + + - - Paenibacillus polymyxa 90.80% 

ERBS60 + - - + + + - + - - + + + + Bacillus tequilensis 91.50% 

ERSB61 + - - + + + - + - - + + - + Paenibacillus macerans 90.80% 

ERBS62 + - - + + + - + - - + + - + Bacillus amyloliquefaciens 87.70% 

ERBS63 + - ++ + + + - + - - - + - + Bacillus licheniformis 85.30% 

ERBS64 + - - + - + - + - - + + - + Bacillus siamensis 92.40% 

ERBS65 + - - - + + ++ + - - + + - + Bacillus tequilensis 99% 
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ERBS66 + - - + - - - + - - + + - - Bacillus fumarioli 83.30% 

ERBS67 + - - + + + - + - - + + - + Bacillus amyloliquefaciens 87.70% 

ERBS68 + - - + + + - + - - - + - + Paenibacillus koreensis 87.60% 

ERBS69 + - - + + + - + - - + + - + Bacillus cereus 95.60% 

ERBS70 + - - + + + - + - - + + - + Bacillus thuringiensis 85% 

ERBS71 + - - + + + - + + - + + - + Bacillus tequilensis 91.90% 

ERBS72 + - - + + + ++ + - - + + - + Bacillus subtilis 95.20% 

ERBS73 + - - + - - - + - - + + + + Bacillus cereus 87.90% 

ERBS74 + - - + + + - + - - + + - + Bacillus siamensis 91.40% 

ERBS75 + - - - - + - + - - + + + - Paenibacillus polymyxa 90.80% 

ERBS76 + - ++ + + + - + - - + + + + Bacillus licheniformis 83.20% 

ERBS77 + - ++ + - + - + - - + + + + Bacillus siamensis 83.80% 

ERBS78 + - - + - + + + - - + + - - Bacillus subtilis 87.70% 

ERBS79 + - - + - + - + - - + + + - Paenibacillus pectinilyticus 99% 

ERBS80 + - - + - + - + - - + + - - Bacillus subtilis 89.20% 

ERBS81 + - - + + + - + - - + + - + Bacillus amyloliquefaciens 95.20% 

ERBS82 + - ++ + + - - + + - + + - + Paenibacillus alvei 94.50% 

ERBS83 + - - + + + - + + - + + - + Bacillus tequilensis 91.50% 

ERBS84 + - - + + - - + - - + + - - Paenibacillus castaneae 95.20% 

ERBS85 + - - + + - - + - - + + - - Paenibacillus castaneae 95.20% 

ERBS86 + - - + - - - + - - + + - - Bacillus fumarioli 83.80% 

ERBS87 + - - + - - - + - - + + - - Bacillus fumarioli 83.80% 

ERBS88 + - + - - + - + - - + + - + Bacillus thuringiensis 83.90% 

ERBS89 + - - + + + - + - - + + - + Bacillus amyloliquefaciens 87.70% 

ERBS90 + - - + - + - + - - + + - - Paenibacillus polymyxa 90.80% 

ERBS91 + - ++ + + - - + - - + + + + unknown - 

ERBS92 + - - - - + - + - - + + + - Paenibacillus pectinilyticus 91.50% 

ERBS93 + - - + - - - + - - + + - + Paenibacillus peoriae 95.20% 

ERBS94 + - - + - + - + - - + + - + Paenibacillus pectinilyticus 83.90% 

ERBS95 + - +++ + - + + + - - + + - + unknown - 

ERBS96 + - - + - - + + - - + + - - Bacillus pumilus 87% 

ERBS97 + - - + + + - + - - + + - - Bacillus amyloliquefaciens 95.20% 

ERBS98 + - +++ - + + - + - - + + - + unknown - 

ERBS99 + - + + + - - + - - + + - + Bacillus vietnamensis 91.40% 

ERBS100 + - + + + + - + - - + + - + Bacillus psychrophilus 83.20% 

ERBS101 + - + + + - - + - - + + - + unknown - 

ERBS102 + - - + - + - + - - + + - - Paenibacillus polymyxa 90.80% 

ERBS103 + - - - - + - + - - + + - - Paenibacillus polymyxa 98.30% 

ERBS104 + - - + - + - + - - + + - - Paenibacillus pectinilyticus 91.50% 

ERBS105 + - - + - + - + - - + + - - Paenibacillus polymyxa 98.30% 

ERBS106 + - - + - + - + - - + + - - Paenibacillus pectinilyticus 83.90% 

ERBS107 + - ++ + 
 

+ - + - - + + - + Bacillus siamensis 83.80% 

ERBS108 + - - + - - + + - - + + - - Bacillus pumilus 87% 

ERBS109 + - ++ + - + - + - - + + + + Bacillus siamensis 83.90% 

ERBS110 + - - - - + - + - - + + - - Paenibacillus polymyxa 98.30% 

ERBS111 + - - + - + + + - - + + - - Bacillus subtilis 87.70% 

ERBS112 + - - - - + - + - - + + - - Paenibacillus macerans 90.80% 

ERBS113 + - + + - + - + - - + + - + Bacillus siamensis 91.40% 

ERBS114 + - - + - - ++ + - - + + - - Bacillus pumilus 87.90% 

ERBS115 + - - + - + - + - - + + + - Paenibacillus polymyxa 98.30% 

ERBS116 + - - - - + - + - - + + - - Bacillus coagulans 90.00% 

ERBS117 + - + + + + - + - - + + + - Bacillus psychrophilus 90.80% 

ERBS118 + - + - - + - + - - + + - - Paenibacillus validus 96.90% 

ERBS119 + - - - + + - + - - + + - - Paenibacillus macerans 90.80% 

ERBS120 + - - - - - - + - - + + + - Bacillus pumilus 87% 

ERBS121 + - - - - + - + - - + + + - Bacillus acidiceler 90.80% 

ERBS122 + - - + - + + + - - + + - - Bacillus subtilis 87.70% 

ERBS123 + - + + + + - + - - + + - + Bacillus acidiceler 83.20% 

ERBS124 + - + + + + - + - - + + - + Bacillus licheniformis 83.20% 

ERBS125 + - ++ - - + - + - - + + - - Bacillus acidiceler 83.20% 

ERBS126 + - + + + - - + - - + + - - Paenibacillus validus 89.30% 

ERBS127 + - ++ + - + - + - - + + - - Paenibacillus polymyxa 90.80% 

ERBS128 + - - + + - - + - - + + - - Bacillus acidiceler 90.80% 

ERBS129 + - - + - - - - - - + + - - Bacillus coagulans 89.30% 

ERSB130 + - + + + + - + - - + + - - Bacillus psychrophilus 84.60% 

Note: GR-Gram reaction, KOH-KOH 3%, Ur-Urease Test, Glu-Glucose fermentation, Oxi-Oxidase Test, Nit-Nitrate Reduction, Cit-Citrate 

Utilization, Gel-Gelatin Hydrolysis, In-Indole Test, MR-Methyl Red, VP-VP Test, Cat-Catalase test, H2S- H2S Test, Arg-Argenine Dehydrolase 
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Fig 1: Bacillus isolates response to different biochemical tests 

 

 
 

Fig 2: Bar graph showing the number of tentatively identified Bacillus, Paenibacillus and Viribacillus in each species 

 

Conclusion  

Tomato roots collected from different locations of Meghalaya 

harbor wide range of endophytic Bacillus. All the 130 isolates 

belonged to Bacillus, Paenibacillus and Viridibacillus genus. 

Maximum numbers of the isolates were identified as Bacillus 

amyloliquefaciens and Bacillus thuringiensis. The current 

study adds to our understanding of the diversity of endophytic 

Bacillus from tomato roots of Meghalaya. Further studies can 

be focused on exploitation of these Bacillus isolates as a bio 

control agent to control phytopathogens.  
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